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ABSTRACT 
This study explore ‘Advanced Ecosystem Dynamics in Environmental Management: A Nigerian 

Perspective in Global Context. Seven objectives and, seven research questions guided the study. The 

study found out that wetlands, savannas, and forests in the country are not just resources; they are living 

systems that are affected by energy flows, nutrient cycles, and feedback loops that can either make them 

stronger or weaker. Global case studies such as the South Africa zones oceans, Costa Rica pays for 

forests, and India cleans rivers can be integrated into Nigeria system. Existing environmental frameworks 

and institutional arrangements shows that 20% forest cover by 2030, but achievement is 5%. NESREA 

enforces 38 regulations, issuing 500 permits yearly. Nigeria’s NDC commits to 20% emissions reduction 

conditionally, relying on gas flare-out by 2030. ECOWAS protocols provide transboundary frameworks, 

but implementation lags (NESREA, 2024). The study further observed that the current environmental 

management structures in Nigeria is faced with the limitations of institutional fragmentation which  gives 

rise to  12 federal agencies with overlapping responsibilities, which leads to policy disagreements. 

Moreso, the study shows that global trends and innovation in environmental management demonstrate 

that there are widespread use of ecosystem-based management (EBM), the use of digital technologies for 

real-time monitoring, the improvement of predictive modelling tools, and the promotion of nature-based 

solutions (NbS) as cheaper alternatives to build infrastructure. 

Keywords:  Advanced Ecosystem, Ecosystem Dynamics, Environmental Management, Natural 

Resources, Sustainable Development.  

 

INTRODUCTION 

Ecosystems are dynamic networks characterized by ongoing interactions between living organisms and 

their physical environments (Obiorah et al., 2025a; Wang et al., 2025). These components engage in 

continuous exchanges that sustain ecological balance and deliver vital services to human societies. In 

Nigeria, a nation characterized by remarkable biophysical diversity, ecosystems span coastal mangroves, 
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freshwater wetlands, expansive savannas, and dense rainforests. Each type contributes uniquely to 

national well-being: the Niger Delta wetlands, for instance, serve as critical nurseries for fisheries that 

support coastal livelihoods, while northern savannas provide grazing lands for livestock essential to 

pastoral economies. These systems also regulate hydrological cycles, sequester atmospheric carbon, and 

maintain soil fertility, thereby underpinning agriculture, which employs over 70% of the population 

(Obiorah et al., 2025a; Wang et al., 2025). 

Nigeria's environment is shaped by a mix of natural resources and changes made by people. Nigeria has a 

population of more than 220 million people, and it is growing at a rate of about 2.6% per year. This puts a 

lot of pressure on its resources. Urbanisation has sped up, with megacities like Lagos taking in people 

from rural areas and turning farmland into buildings.  

Industrial activities, especially oil extraction in the south, bring in a lot of money but they also change 

habitats and pollute the environment. In the north, using rain-fed farming and collecting firewood makes 

land degradation worse, especially during seasonal droughts when overgrazing makes things worse. These 

kinds of stressors mess with how ecosystems work, which makes them less able to provide services and 

more likely to be affected by outside events, such as changes in the climate (Omijeh, 2021; Izah, 2018).  

Based on this, the study of ecosystem dynamics gives us a way to look at these interactions more closely. 

It looks at the processes that control change in ecosystems, like how energy moves through food webs and 

how nutrients are recycled through microbial decomposition. These dynamics are not solely biological; 

they intersect with socioeconomic factors, wherein policy decisions impact ecological trajectories and 

vice versa. For Nigeria, comprehending these patterns is essential for shifting from exploitative resource 

utilisation to sustainable stewardship.  

Statement of the Problem  

Nigerian ecosystems are becoming more and more damaged, which makes it harder to provide services 

and keeps the economy stable. Since 1970, oil and gas activities have spilt more than 3 million barrels of 

oil, polluting sediments and groundwater with polycyclic aromatic hydrocarbons at levels that are 900 

times higher than safe levels in places like Ogoniland.  

This poison spreads through food webs and builds up in shellfish and fish that people eat, which is linked 

to higher rates of cancer and breathing problems. Since 1990, forest cover has dropped by 55.7%. Most of 

this loss has happened in the Guinea savanna, where slash-and-burn farming and charcoal production 

cause annual losses of 400,000 hectares. Soil erosion, which is thought to be 20–30 tonnes per hectare per 

year, makes the soil less fertile, which is why maize yields have dropped by 15% over the past ten years 

(Obiorah et al., 2025a; Birgé et al., 2016).  

These problems have bigger effects on people. The collapse of fisheries in coastal lagoons has forced 2 

million people who depend on them to move to cities, where they live in informal settlements.  

In 11 northern states, desertification affects 100 million hectares, forcing people to move and putting 

more strain on already-stressed water resources from upstream damming. Institutional frameworks make 

the problem worse by not having enough foresight and having too many different authorities. 

Environmental impact assessments are frequently cursory, executed retroactively instead of proactively, 

and enforcement depends on inadequately funded agencies incapable of effectively monitoring distant 

locations. Political economy dynamics make things worse by encouraging lax regulation through revenue 

from extractives, which keep the cycle of degradation and remediation going (Aaron, 2018).  

The main problem is that ecosystems don't work in a straight line, but linear management models do. 

Small-scale disturbances build up until they cause systemic failure, like when mangroves die off and 

natural flood barriers are lost, making storms worse. If Nigeria doesn't use dynamic modelling and 

adaptive strategies, it could make its weaknesses to global changes worse. For example, sea levels are 

expected to rise so much that 20% of the Delta lowlands will be underwater by 2050.  

Research Objectives 

The main aim of this study is to explore ‘Advanced Ecosystem Dynamics in Environmental Management: 

A Nigerian Perspective in Global Context. Specifically, the objectives of the study include: 

1. To explore the role of ecological systems thinking in environmental management. 
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2. To assess global perspective on environmental management. 

3. To investigate the strategies for preserving ecosystem dynamics. 

4. To explore the key lessons from global practices on preserving ecosystem dynamics. 

5. To investigate the Nigeria’s environmental landscape. 

6. To examine the process of integrating global principles of ecosystem dynamics into Nigeria’s 

management system. 

7. To investigate a comparative analysis of Nigeria ecosystem and global perspectives. 

Research Questions 

The inquiry is guided by the following research questions:  

1. What is the role of ecological systems thinking in environmental management?  

2. What is global perspective on environmental management?  

3. What are the strategies for preserving ecosystem dynamic? 

4. What lessons can be learnt from global best practices on preserving ecosystem dynamics? 

5. What are the key environmental challenges facing Nigeria, and how can they be addressed to 

promote sustainable development? 

6. How can global principles of ecosystem dynamics into Nigeria’s management system? 

7. In what ways can Nigeria ecosystem be compared to global perspectives? 

Significance of the Study 

This research holds multifaceted value. For policymakers, it supplies evidence-based tools to align with 

SDGs 13, 14, and 15, potentially averting annual losses estimated at N5 trillion from ecosystem decline. 

Academics gain a contextualized extension of resilience theory to tropical developing contexts.  

Communities benefit from strategies that amplify indigenous knowledge, fostering equitable participation. 

Overall, it advances the discourse on integrated environmental governance in resource-dependent 

economies. 

 

LITERATURE REVIEW 

THEORETICAL AND CONCEPTUAL FRAMEWORK 

Theoretical Framework 

Ecological systems thinking reinterpret environmental challenges as emergent properties arising from 

interconnected components rather than as discrete events. It stresses that actions in one area have effects 

on other areas, which means that causal chains and interdependencies need to be looked at. In Nigeria, for 

instance, building dams upstream on the Hadejia River changes how sediment moves, which lowers the 

fertility of the soil and the yields of fish farms downstream.  

This is a connection that is often missed in planning for specific sectors. This viewpoint reveals leverage 

points, including targeted afforestation to rehabilitate hydrological cycles, resulting in ancillary benefits 

for biodiversity and carbon sequestration (Lombard et al., 2019; Okafort al., 2025).  

At its core, systems thinking breaks down stocks (like biomass pools), flows (like nutrient transfers), and 

boundaries (like watershed limits). Feedback structures are very important. For example, reinforcing 

loops, like soil erosion that leads to less infiltration and more erosion, can make systems unstable if they 

are not controlled. Predator-prey dynamics in savanna ecosystems are an example of a balancing loop that 

helps maintain balance. Management based on this framework puts more emphasis on actions that 

improve balancing feedbacks. For example, in agricultural areas, biological controls for pest outbreaks are 

one way to do this. Cross-scale factors are just as important. For example, overfishing in lagoons can 

change the way fish move from one region to another, so different administrative units need to work 

together to manage this (Wang et al., 2025).  

Utilising systems thinking in Nigerian contexts uncovers prospects for comprehensive policy. Integrated 

water resource management could connect wetland conservation with irrigation scheduling, which would 

stop salinisation in fadama systems. There are problems like not enough data and institutional silos, but 
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tools like causal loop diagramming make it easier for stakeholders to talk to each other and connect 

scientific knowledge with real-world use.  

Adaptive Management and Ecosystem Services Frameworks 

Adaptive management operationalizes uncertainty through iterative cycles: hypothesis formulation, 

implementation, monitoring, and revision. It suits complex systems where full knowledge is unattainable, 

as in Nigeria's variable climate. Initial actions, like pilot no-take zones in coastal fisheries, generate data 

for refinement, reducing overharvest risks by 25% in analogous programs. Success depends on robust 

monitoring and stakeholder buy-in to interpret feedbacks (Holling & Meffe, 1996, as cited in Obirah et 

al., 2025a; Birgé et al., 2016). 

The ecosystem services framework categorizes contributions to human well-being: provisioning (e.g., 

timber from savannas), regulating (e.g., pollination in cocoa farms), cultural (e.g., sacred groves), and 

supporting (e.g., habitat provision). Economic valuation highlights trade-offs; mangrove conversion for 

shrimp ponds boosts short-term income but erodes long-term flood protection valued at $500/ha/year. The 

Millennium Ecosystem Assessment (2005) reported 60% of services in decline globally, a trend mirrored 

in Nigeria where wetland loss has halved fishery outputs since 2000 (Omijeh, 2021). Combining these 

frameworks enables scenario planning, where adaptive trials quantify service changes under policy 

variants. 

Concept of Ecosystem 

An ecosystem is a structural and functional unit of ecology where the living organisms interact with each 

other and the surrounding environment. In other words, an ecosystem is a chain of interactions between 

organisms and their environment. Simply put an ecosystem can be defined as is a complex interplay of 

living organisms and their physical environment, interacting as a functional unit. An ecosystem structure 

is characterized by the organization of both biotic and abiotic components, which are interrelated. This 

includes the distribution of energy in our environment. It also includes the climatic conditions prevailing 

in that particular environment. 

Concept of Ecosystem Dynamics  

Ecosystem dynamics involve complex interactions between biotic and abiotic factors, shaping ecosystem 

structure and function. Biodiversity is essential for maintaining ecosystem function and resilience, and its 

loss can have significant impacts on ecosystem dynamics and ecological equilibrium (Cardinale et al., 

2012). Man induced activities, such as deforestation, pollution, and overfishing, can disrupt ecosystem 

balance and lead to biodiversity loss. Preserving biodiversity and maintaining ecological equilibrium are 

critical for ecosystem sustainability and human well-being (Daily et al., 2009). 

Concept of Environmental Management 

Environmental management is concerned with the understanding of the structure and function of the earth 

system, as well as of the ways in which humans relate to their environment. Environmental management 

is therefore concerned with the description and monitoring of environmental changes, with predicting 

future changes and with attempts to maximize human benefit and to minimize environmental degradation 

due to human activities. Environmental management is about looking at environmental science and 

concerned with the process of decision-making in relation to the use of natural resources, the pollution of 

habitats, and the modification of ecosystems.  

 

The Role of Ecological Systems Thinking in Environmental Management 

Ecological systems thinking reframes environmental challenges as emergent properties of interconnected 

components rather than isolated events. It emphasizes that actions in one domain ripple across others, 

necessitating analysis of causal chains and interdependencies. In Nigeria, for example, upstream dam 

construction on the Hadejia River alters sediment transport, reducing downstream soil fertility and fishery 

yields—a linkage often overlooked in sector-specific planning. This perspective uncovers leverage points, 

such as targeted afforestation to restore hydrological cycles, yielding co-benefits in biodiversity and 

carbon storage (Lombard et al., 2019; Okafor et al., 2025). 
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At its core, systems thinking delineates stocks (e.g., biomass pools), flows (e.g., nutrient transfers), and 

boundaries (e.g., watershed limits). Feedback structures are pivotal: reinforcing loops, like soil erosion 

leading to reduced infiltration and further erosion, can destabilize systems if unchecked. Balancing loops, 

such as predator-prey dynamics in savanna ecosystems, promote equilibrium.  

Management informed by this framework prioritizes interventions that enhance balancing feedbacks, such 

as introducing biological controls for pest outbreaks in agricultural zones. Cross-scale considerations are 

equally important; local overfishing in lagoons influences regional migratory patterns, requiring 

coordinated governance across administrative units (Wang et al., 2025). 

Applying systems thinking to Nigerian contexts reveals opportunities for holistic policy. Integrated water 

resource management could link irrigation scheduling with wetland conservation, preventing salinization 

in fadama systems. Challenges include data scarcity and institutional silos, but tools like causal loop 

diagramming facilitate stakeholder dialogue, bridging scientific insights with practical application. 

 

Global Perspectives on Environmental Management 

Trends and Innovations 

In the past thirty years, the way we manage the environment around the world has changed a lot. Instead 

of focusing on one area at a time, we now use integrated, systems-oriented approaches that take into 

account how human activities and ecological processes are linked. This change is happening because of 

better scientific knowledge, better technology, and better government systems that focus on being 

flexible, open to everyone, and long-term sustainability.  

Some of the most important trends are the widespread use of ecosystem-based management (EBM), the 

use of digital technologies for real-time monitoring, the improvement of predictive modelling tools, and 

the promotion of nature-based solutions (NbS) as cheaper alternatives to built infrastructure. These 

innovations are not the same everywhere; how they are used depends on the situation, the resources 

available, and the capacity of the institution. However, they all aim to improve ecosystem resilience while 

also supporting socioeconomic development (Lombard et al., 2019).  

A fundamental principle of contemporary environmental management is the acknowledgement that 

ecosystems function as intricate adaptive systems, distinguished by non-linear dynamics, feedback loops, 

and numerous stable states. This viewpoint has resulted in the formulation of management paradigms that 

emphasise adaptability over fixed objectives, recognising the unpredictability of ecological responses to 

anthropogenic pressures. For example, climate change causes temperatures, rainfall, and extreme events 

to change, so we need plans that can adapt to changing baselines instead of relying on historical norms.  

International frameworks like the Sustainable Development Goals (SDGs), the Convention on Biological 

Diversity (CBD), and the Paris Agreement give us rules to follow, but putting them into action requires 

new ideas that turn global rules into policies that work in specific places.  

The merging of ecological science and data science has sped up the process of coming up with new ideas. 

High-resolution satellite images, sensor networks, and machine learning algorithms now make it possible 

to assess changes in the environment almost in real time. This means that management can go from being 

reactive to proactive.  

Furthermore, economic tools like valuing ecosystem services and green accounting are making 

environmental costs a normal part of decision-making. This makes sure that trade-offs are clear and fair. 

These trends are especially important for countries like Nigeria, where rapid growth and high ecological 

vulnerability go hand in hand. They show how to get rid of old ways of doing things. 

 

Strategies for Preserving Ecosystem Dynamics 

Ecosystems are the backbone of life on earth, providing essential services like clean air, water, and food. 

However, human activities have significantly altered ecosystem dynamics, threatening biodiversity and 

ecosystem function. To address this, we must adopt effective strategies for preserving ecosystem 

dynamics. These strategies prioritize conservation, sustainability, and resilience, ensuring ecosystems 
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continue to thrive and support life. The following strategies offer a comprehensive approach to preserving 

ecosystem dynamics: 

1. Ecosystem-Based Management and Marine Spatial Planning 

Ecosystem-based management (EBM) is a comprehensive method that preserves the structure and 

function of ecosystems while allowing for various human activities. EBM takes into account cumulative 

effects, interactions in the food web, and how habitats are connected, which is different from traditional 

management of one species or one sector. Marine spatial planning (MSP) is one way to put it into action. 

MSP assigns ocean space to activities that are compatible with each other based on environmental, 

economic, and social factors. In practice, MSP means making maps of places with a lot of biodiversity, 

fishing grounds, shipping lanes, and sites for renewable energy. Then, it means zoning these areas to 

reduce conflicts and increase sustainability. Operation Phakisa in South Africa, which started in 2014, is a 

good example of this. It set aside 22 marine protected areas that cover 5% of the country's exclusive 

economic zone (EEZ) and plans to reach 10% by 2025 (Lombard et al., 2019).  

The first step is to get stakeholders involved to figure out what is most important. Between 2004 and 

2018, fishers, tourism operators, and conservationists worked together to make a zoning plan for 

Australia's Great Barrier Reef Marine Park. This plan raised the number of no-take areas from 4.5% to 

33%. This caused the coral trout biomass in protected areas to double, which helped nearby fisheries as 

well.  

This shows how EBM can help protect the environment while also helping people make a living. 

Monitoring uses underwater visual censuses and acoustic telemetry to keep track of how fish move. This 

data is used to make changes every five years. For the plan to work, there needs to be open governance, 

with public dashboards showing compliance rates and environmental indicators.  

The EU Marine Strategy Framework Directive requires MSP in 23 coastal states in Europe. This makes 

sure that all of these countries' plans are the same so that they can all reach good environmental status. 

Cumulative impact assessments look at how trawling, offshore wind farms, and pollution all work 

together to set limits on how much change is acceptable. For instance, Denmark's North Sea plan limits 

the number of turbines to 10 per km² to protect migratory birds. This is based on radar tracking and 

collision risk models. These examples show that MSP is not something you do once; it's a process that 

needs strong data, legal support, and ways to settle disputes.  

There are problems with data gaps in deep-sea ecosystems and power imbalances in negotiations between 

stakeholders. In developing areas, limited capacity makes it hard to put plans into action, but low-cost 

tools like participatory GIS, which lets fishers use GPS-enabled phones to map fishing grounds, are 

helping to close this gap. The Convention on Biological Diversity's Ecologically or Biologically 

Significant Marine Areas (EBSAs) give Nigeria a starting point for planning in the Gulf of Guinea. There 

are 300 of these areas described around the world.  

2. Integration of Advanced Technologies: Remote Sensing, IoT, and AI 

The integration of technology has changed environmental monitoring by making it possible to get high-

frequency data that can be scaled up. MODIS and Sentinel satellites are examples of remote sensing 

platforms that send images every day with a resolution of 250m to 10m. These images can show 

deforestation, wetland loss, and algal blooms. The PRODES system in Brazil uses Landsat data to send 

out alerts about deforestation within 24 hours. This led to enforcement actions that cut down on Amazon 

clearing by 80% from 2004 to 2012. Using spectral signatures to tell primary forest from secondary 

regrowth, algorithms can tell what kind of land cover there is with 95% accuracy (Okafor et al., 2025).  

The Internet of Things (IoT) adds ground-level sensors to satellite data. Every 15 minutes, 1,000 water 

quality sensors in the Mekong Delta check the pH, turbidity, and salinity levels. These sensors send data 

to predictive models that can predict salinity intrusion up to seven days in advance. This lets farmers 

change when they plant rice, which cuts crop losses by 30%. The cost of sensors has gone down to $50 

each, which makes it possible to use them in places with limited resources. In London, air quality 

networks use 100 sensors to find PM2.5 hotspots in cities. This information is used to set traffic limits 

that cut emissions by 20% in crowded areas.  
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Artificial intelligence makes it easier to process data and find patterns. Machine learning models that have 

been trained on past spill data can predict how oil will spread with 90% accuracy, which helps with 

containment efforts. AI looks at drone footage in California to count endangered species, which cuts 

down on survey time from weeks to hours.  

Deep learning finds boats that are fishing illegally by comparing AIS signals with satellite images. In the 

Pacific, it finds 85% of these boats. These apps use cloud computing and open-source platforms like 

Google Earth Engine to make advanced analytics available to everyone.  

Digital divides and data privacy are two problems. Only 40% of rural areas in Africa have reliable 

internet, which makes it hard to use real-time apps. But there are new solutions, like apps that work 

offline and community data collectors. Nigeria could set up 500 IoT stations in the Niger Delta to keep an 

eye on hydrocarbon levels. These stations would use solar-powered sensors and mobile networks, and AI 

would alert people to any problems so they could respond quickly. 

3. Modeling Tools: System Dynamics and Computable General Equilibrium 
Modeling tools bridge ecological and socioeconomic domains, simulating complex interactions under 

alternative scenarios. System Dynamics (SD) uses stock-and-flow diagrams to represent feedbacks and 

delays. In Indonesia, an SD model of mangrove-fishery-flood interactions showed that restoring 10,000 

ha of mangroves reduces flood damage by 25% over 20 years through enhanced wave attenuation and 

sediment trapping.  

The model incorporates reinforcing loops (e.g., mangrove loss increases erosion, further reducing 

mangroves) and balancing loops (e.g., restoration increases fish habitat, boosting catches and incentives 

for protection). Calibration with 15 years of flood records ensures reliability (Lombard et al., 2019). 

Computable General Equilibrium (CGE) models link environmental change to macroeconomic indicators. 

In China, a CGE analysis of Yangtze River pollution estimated that a 1% GDP loss from fisheries decline 

generates 1.5% in health costs from contaminated water, justifying $10 billion in wastewater treatment. 

The model disaggregates sectors—agriculture, industry, services—to trace pollution through supply 

chains, revealing that export-oriented manufacturing bears 60% of abatement costs but gains from 

improved international reputation. 

Hybrid SD-CGE models offer comprehensive foresight. In South Africa, such a framework evaluated 

marine protected areas, projecting that a 10% EEZ closure increases fish stocks 40% within a decade, 

adding $500 million to GDP through tourism and fisheries while costing $100 million in forgone 

extraction. Sensitivity analysis tests parameter uncertainty, building robustness into policy 

recommendations. 

These tools require quality data and interdisciplinary expertise. Open-source platforms like Vensim and 

GAMS lower barriers, and global datasets (e.g., World Bank environmental accounts) support calibration. 

Nigeria could develop SD models for the Hadejia-Nguru wetlands, simulating dam release scenarios to 

optimize rice, fish, and flood control. 

4. Nature-Based Solutions and Green Infrastructure 

Nature-based solutions (NbS) use natural processes to solve problems in society, and they have more 

benefits than grey infrastructure. For example, the Room for the River program in the Netherlands moves 

dikes and restores floodplains. This lets them hold 30% more water during peak times and creates 1,000 

hectares of wetlands. Cost-benefit analysis shows that every euro spent on flood protection and 

biodiversity gains €4. The ABC Waters initiative in Singapore combines bio-swales and constructed 

wetlands into the city's drainage system. It treats 70% of runoff naturally and makes recreational areas 

better (Seddon et al., 2020, as cited in Obiorah et al., 2025a).  

Green infrastructure (GI) brings NbS to cities. New York's $1.5 billion GI plan puts in 10,000 green roofs 

and 5,000 street trees. This stops 1 billion gallons of sewage from overflowing each year and cools 

neighbourhoods by 2°C. Chicago's permeable pavements soak up 80% of the rain, stopping $50 million in 

flood damage every year. Monitoring uses thermal imaging and soil moisture sensors to measure 

performance and help with maintenance.  
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The effectiveness of NbS depends on how it is designed for the specific site. In tropical climates, vetiver 

grass and other native plants that grow quickly hold slopes in place 50% better than concrete. Community 

involvement makes things last longer. For example, in Medellín, Colombia, residents take care of 20 km 

of green corridors, which lowers the risk of landslides by 60%. Financing comes from public budgets, 

green bonds, and payments for ecosystem services. Returns are checked using methods that show how 

much money was saved.  

Some problems are that land is hard to find in big cities and it takes a long time for things to grow. Hybrid 

approaches, which mix NbS with little engineering, speed up the benefits. Nigeria's cities that are prone to 

flooding could use green infrastructure, like parks to cool down heat islands and wetlands to clean up 

stormwater.  

 

Key Lessons from Global Practices on Preserving Ecosystem Dynamics  

1. Adaptive Governance Structures in Australia and South Africa 

The Great Barrier Reef Marine Park Authority (GBRMPA) in Australia is an example of adaptive 

governance because it uses five-year outlook reports to change zoning. The 2014 report showed that coral 

was dying because of bleaching and crown-of-thorns starfish. This led to the creation of more no-take 

zones and $200 million in restoration funding. Co-managing with indigenous rangers uses their traditional 

knowledge of spawning sites, which makes compliance go up by 70%. Annual health scorecards that look 

at things like water quality, fish biomass, and tourism revenue make sure that the public knows what's 

going on and supports it.  

South Africa's Operation Phakisa combines goals for the ocean economy with conservation and uses 

forums with many stakeholders to settle disagreements. The Blue Economy plan says that the economy 

will grow by $10 billion by 2033 while keeping 15% of the EEZ safe. Adaptive licensing changes oil 

exploration permits based on how much seismic risk there is to marine mammals. This is done with 

passive acoustic arrays. Lessons learnt include setting aside 1% of GDP for dedicated funding and having 

independent science panels to keep politics out of decisions. 

2. Community-Based Conservation in Costa Rica and the Philippines 

Costa Rica's Payment for Ecosystem Services (PES) program, which started in 1997, pays landowners 

$64 to $300 per hectare per year to protect forests, plant trees, or do agroforestry. It covers 1 million 

hectares and is paid for by a tax on fossil fuels and water tariffs. It cut down on deforestation by 40%. 

Community groups handle 60% of contracts and use GPS to check coverage and satellite images for 

audits. Carbon credits add $50 million a year, and 90% of the money goes to rural families.  

There are 1,500 marine protected areas (MPAs) in the Philippines that are managed by locals and cover 2 

million ha. Fishermen follow rules that say they can't take fish, and the amount of fish in reserves grows 

by 300% in five years. Spillover helps nearby fisheries, which boosts their incomes by 50%. Teaching 

communities how to do snorkel surveys gives them the tools they need to gather data for national 

databases. Legal recognition of tenure and sharing the benefits of tourism fees are two things that can 

help.  

3 Cross-Sector Collaboration and Polycentric Governance in the European Union 

The EU’s Marine Strategy Framework Directive establishes polycentric governance, with regional sea 

conventions (e.g., OSPAR, HELCOM) coordinating 23 nations. The Baltic Sea Action Plan reduced 

nutrient inputs 30% by 2020 through harmonized agricultural subsidies and wastewater standards. Data-

sharing platforms integrate 1,000 monitoring stations, enabling transboundary impact assessments. 

National agencies retain autonomy but align with common indicators, such as eutrophication status 

measured by chlorophyll-a levels. 

Polycentricity balances efficiency and responsiveness. Local municipalities enforce bathing water quality, 

while the European Environment Agency synthesizes trends. Conflict resolution uses mediation panels, 

resolving 80% of disputes over shipping emissions. Funding from the European Maritime and Fisheries 

Fund supports 50% of implementation costs. 
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3. Indigenous Knowledge Integration in Canada and New Zealand 

The Haida Nation and Parks Canada work together to run the Gwaii Haanas National Park Reserve in 

Canada. Haida watchmen keep an eye on cultural sites and ecosystems. They do this by using both 

traditional signs, like when herring spawn, and scientific surveys. This cut down on poaching by 90% and 

brought back kelp forests by bringing back sea otters. Legal agreements guarantee that 50% of the 

management board will be made up of indigenous people and that all decisions must be agreed upon.  

The Te Awa Tupua Act in New Zealand gives the Whanganui River legal personhood. The Māori iwi and 

the government are both responsible for its care. The restoration plans include mātauranga Māori, which 

is knowledge of how fish move around, and they will improve water quality by 40% in five years. 

Indigenous-led monitoring uses oral histories to back up long-term trends and add to instrumental records. 

 

Nigeria’s Environmental Landscape 

Overview of Nigeria’s Major Ecosystems 

Nigeria has nine agro-ecological zones, each with its own climate, soil, and water conditions that affect 

both plant and animal life and human life. These ecosystems provide provisioning, regulating, cultural, 

and supporting services worth more than N10 trillion a year when measured using replacement cost and 

contingent valuation methods. They range from the mangrove-dominated coastal belt to the montane 

grasslands of the Jos Plateau.  

The differences in space are due to differences in rainfall (500 mm in the Sahel to over 4,000 mm in the 

Niger Delta), temperature, and soil types. These differences create niches for 8,600 vascular plant species, 

900 birds, and 300 mammals. This biodiversity supports genetic resources for improving crops, making 

medicines, and ecotourism, but it is still not well documented in many areas because there isn't enough 

research funding and access is difficult (Omijeh, 2021).  

Cultural and economic systems are very important to how people and ecosystems interact. In the south, 

fishing communities in the Delta use tidal rhythms to decide when to harvest, while pastoralists in the 

north follow transhumance routes that lead to dry-season water points. These old ways of doing things 

show how people and the environment have changed together over time, but modern pressures like 

population growth, infrastructure expansion, and market integration are breaking these connections. 

Urban sprawl in Lagos and Kano destroys wetlands and farmland at a rate of more than 5% per decade. 

This breaks up habitats and makes it harder for species to spread and genes to flow. The resulting 

homogenization of the landscape threatens functional redundancy, which is an important part of resilience 

(Izah, 2018).  

Climate change adds to these human-made stressors and changes the baseline conditions. Under RCP 8.5, 

the temperature is expected to rise by 2.5°C by 2070. This will move vegetation zones north and make it 

harder for temperature-sensitive species to find suitable habitats. By 2100, the sea level will rise by 0.5 to 

1 metre, putting 35% of the Delta's land area at risk. Subsidence from oil extraction speeds up the loss of 

relative elevation. These changes don't affect ecosystems in the same way. For example, low-lying coastal 

systems are at risk of flooding, while savannas in the middle of the country have longer dry spells that 

lower primary productivity. It is important to know how these different effects affect conservation and 

restoration efforts (Obiorah et al., 2025b).  

 

Niger Delta Wetlands: Ecological Functions and Human Dependence 
The Niger Delta wetlands are Africa's largest continuous mangrove ecosystem. They cover about 70,000 

km², with 4,000 km² under mangrove canopy. These forests do a lot of different things for the 

environment. For example, sediment trapping stops coastal erosion at a rate of 10–20 m/year in 

unprotected areas. The roots of the trees stabilise the ground, which makes it less cloudy and lets more 

light into seagrass beds. The leaf litter also sends 300–500 g C/m²/year to estuarine food webs, which 

helps young fish and crustaceans. The Delta has more than 1,000 distributaries that create salinity 

gradients from freshwater to marine. This supports high beta diversity with more than 200 fish species, 
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such as tilapia, catfish, and prawns, which are important for business. This nursery function keeps the 

fisheries in the Gulf of Guinea going, providing 40% of West Africa's catch (Izah, 2018). 

People depend on each other in many deep and complex ways. There are more than 30 million people 

living in the area, and 70% of them work in subsistence or artisanal fishing, aquaculture, or periwinkle 

harvesting. Mangrove wood provides 80% of the energy that households need, and non-timber products 

like palm wine, medicinal plants, and thatch support informal economies worth $500 million a year. 

Wetlands act like natural sponges when it comes to water, lowering flood peaks by 30–50% during the 

rainy season and protecting settlements upstream. Seasonal flooding that recharges groundwater meets 

60% of rural water needs through shallow wells. However, this service is becoming less reliable because 

saltwater is getting into the wells (Eleanya et al., 2015, as cited in Izah, 2018).  

Since 1956, oil exploration has added long-term stressors. More than 7,000 spills have released 2.5 to 3 

million barrels of crude oil, which coats sediments with hydrocarbons that can last for decades because 

there is no oxygen. Bioaccumulation in food chains has raised PAH levels in shellfish to 1,000 µg/kg, 

which is 100 times higher than WHO guidelines. This has led to more skin lesions and respiratory 

problems in fishing communities. Dredging for access canals has changed how tides flow, making soils 

more acidic and toxic to sulphides, which makes it harder for mangroves to grow back. After 20 years, 

only 10% of the affected sites show signs of recovery, which shows that the system is slow to respond 

(Izah, 2018).  

If pollution stops, natural regeneration can help restore the area. Research on remediated plots indicates a 

60% canopy recovery within 15 years, provided that seed sources remain intact. Community-led 

monitoring that uses local ecological knowledge, like crab burrow density as a health indicator, is a cheap 

way to check on things. Combining these with satellite-based NDVI tracking could help with adaptive 

management, but there needs to be a legal framework to hold polluters accountable.  

Hadejia-Nguru Wetlands: Water Flow and Economic Importance  
The Hadejia-Nguru wetlands in northeastern Nigeria cover 350,000 hectares and are a classic flood-pulse 

system that is powered by the Hadejia and Jama’are rivers. Flooding 200,000 ha every year brings in 4 

billion m³ of water and leaves behind nutrient-rich silt that supports recession agriculture on 1.5 million 

ha of floodplain. Under this system, rice, sorghum, and vegetables are grown that produce 150,000 tonnes 

a year and are worth $25 million. In the dry season, 3 million animals graze. The wetlands also help the 

Chad Basin aquifer by providing 300,000 boreholes and keeping the baseflow in rivers downstream 

during dry spells (Omijeh,2021). 

Hydrological variability is linked to biodiversity. Seasonal flooding makes temporary ponds that are 

home to migratory waterfowl, including 400,000 palaearctic migrants. This makes the site a very 

important flyway for birds around the world. When floods reach their highest point, fish spawn at the 

same time. Fifty species move upstream to breed in shallow areas with plants. The marshes that are 

mostly made up of typha filter out sediments and nutrients, making the water better for 5 million people 

who use it downstream. Using travel cost and production function methods to figure out the economic 

value, the total annual benefits are between $30 and $40 million, which is much more than the irrigation 

gains from upstream dams (Omijeh, 2021).  

The Tiga (1974) and Challawa Gorge (1992) dams have cut peak flows by 70%, cutting the time it takes 

for the area to flood from 6 months to 2 months. This change favours the invasive Typha australis over 

the native Echinochloa, which lowers the quality of the forage and the habitat for fish. Soil salinisation 

has made 50,000 hectares of land impossible to farm, forcing 100,000 farmers to move. Groundwater 

levels have dropped 5–10 m, forcing borehole deepening and increasing energy costs for irrigation. Kano 

has seen more flooding downstream since it lost its natural flood control. In 2018 alone, the damage was 

more than $10 million.  

Using the Soil and Water Assessment Tool (SWAT), we can see that releasing 30% of dam storage as 

environmental flows could bring back 60% of wetland functions. Community-based flow agreements, 

which were tried out in 2020, have led to a 25% increase in rice yields in villages downstream. To make 
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this work on a larger scale, states need to work together and set up ways for upstream reservoir managers 

to get paid. 

 

The Guinea Savanna and Sahel Transition Zones: Changes in Vegetation and Land Use  

The Guinea savanna, which covers 200 million hectares, is Nigeria's main agricultural area. It supports 

70% of the population through mixed crop-livestock systems. Grasslands, woodlands, and parklands 

make up a fire-maintained mosaic of vegetation. Tree cover ranges from 10% to 40% and is controlled by 

rainfall (1,000 to 1,500 mm) and how often the area burns. Parkia biglobosa and Vitellaria paradoxa are 

keystone species that provide food, fuel, and fodder. Shea butter exports bring in $100 million a year. The 

average amount of organic carbon in the soil is 50 t/ha, which is kept up by termites and root turnover. 

However, it drops quickly when the land is farmed continuously (Omijeh, 2021).  

With more people living in an area, the intensity of land use has gone up. Since 1980, the average size of 

a farm has gone down from 2 hectares to 0.8 hectares per household. This has led to growth into less 

productive areas. Every year, making charcoal cuts down 20 million trees, which creates deforestation 

fronts that are 50 km wide around cities. When 40 million cattle overgraze, the soil gets compacted, 

which makes it harder for water to soak in and causes runoff that can create gullies that are up to 5 m 

deep. The Sahel transition zone is especially at risk because it gets less than 600 mm of rain. 35% of the 

land has degraded vegetation cover, and NDVI trends have been going down by 0.02 units per decade 

since 2000.  

The dynamics of desertification show threshold behaviour. Wind erosion takes over when tree cover 

drops below 15%. It removes topsoil at a rate of 50 t/ha/year and exposes subsoil pans that stop plants 

from growing back. Dust storms from these areas make it harder to see in Abuja and add to the regional 

haze that is bad for breathing. Climate models say that by 2050, there will be 20% less rain. This will 

move the savanna-Sahel boundary 100 km south and make agroecological zones smaller.  

Farmer Managed Natural Regeneration (FMNR) is an agroforestry method that has stopped degradation 

on 5 million hectares in the Sahel. It has also increased millet yields by 50% and tree density by 300%. 

Pilot sites in Katsina, Nigeria, show similar gains, but to make it work on a larger scale, tree products 

need to be secure and accessible to the market.  

Biodiversity Hotspots and Threats in Southern Rainforests and Montane Ecosystems  
The southern rainforests of Nigeria, which are mostly in Cross River and Edo states, are the westernmost 

part of the Congo Basin forest. It used to cover 10 million ha, but now only 4 million ha are left. Since 

1990, logging, cocoa, and oil palm have taken away half of it. These forests have 1,500 plant species per 

hectare, including the Nigeria-Cameroon chimpanzee and the Cross River gorilla, which are only found in 

these areas. Epiphytes, lianas, and understory herbs make vertical layers that are home to 400 bird 

species, many of which migrate (Izah, 2018).  

The Mambilla and Obudu plateaus have montane ecosystems that are more than 1,500 meters high. These 

ecosystems are like sky islands with plants that can handle cool temperatures. The montane nightjar and 

Afromontane bamboo are two examples of endemic species. Fog interception provides 30% of 

streamflow in dry seasons, which is very important for irrigation downstream. Obudu Cattle Ranch's 

ecotourism brings in $5 million a year, but building new roads and other infrastructure could harm the 

animals' homes.  

Logging goes after valuable trees like iroko and mahogany, taking 100,000 m³ of them legally and three 

times that amount illegally. Fragmentation separates groups of people, which lowers genetic diversity and 

raises the risk of extinction. Cocoa farms, which are often built by clearing understory, use agrochemicals 

that wash into streams and raise nitrate levels by 200% above normal. Climate envelope models predict a 

500 m upward shift in suitable habitat by 2070, compressing montane refugia.  Only 3% of the rainforest 

is protected, and there are only 200 rangers for every million hectares. Community forest management in 

Ekuri has cut down on encroachment by 80% by sharing the benefits of timber products.  
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Current Environmental Challenges 

1. Petroleum Pollution and Ecosystem Degradation in the Niger Delta: Oil pollution shows up in big 

spills and small leaks that happen all the time. The Bodo spill in 2011 released 300,000 barrels of 

oil, which covered 1,000 hectares of mangroves and killed 70% of the plants within six months. 

Chronic flaring, which releases 50 million m³/day of NOx and SO₂, makes rain more acidic (pH 

4.5) and cuts crop yields by 60% within 10 km. Discharging produced water with heavy metals 

pollutes the groundwater that 15 million people use (Aaron, 2018).  

Ecological effects move up and down through trophic levels. Benthic invertebrates drop by 90% 

in oiled sediments, which breaks down food webs made of dead plants and animals. Since 2000, 

commercial catches have dropped by 50% because nursery habitats are being lost. 

Bioaccumulation in periwinkles reaches mercury levels of 5 µg/g, which can cause neurological 

problems in kids who eat 200 g/week.  

Bioremediation and skimming are two cleanup methods that remove 40% of hydrocarbons, but 

the leftover parts polymerise, making them hard to break down. Two million fishers lost their 

jobs, and there is a fight over compensation. After five years, 60% of claims are still open.  

2. Deforestation, Desertification, and Soil Degradation: Firewood (80 million tons/year), timber, 

and farming are all things that cause deforestation. Satellite data show that 400,000 hectares are 

lost every year, with 60% of that in derived savanna. When soil is exposed, it starts to erode, 

creating gullies that are 10 meters deep and taking away 500 million tonnes of topsoil each year. 

Gully networks in Enugu force 50,000 people to move (Omijeh, 2021).  

Dust storms carry 1 million tonnes of soil to the Atlantic, and desertification affects 35% of land. 

The Great Green Wall has brought back 20% of the area it was supposed to protect by planting 

1,500 km of shelterbelts. However, survival rates are only 40% because there isn't enough water.  

Organic matter in soil has decreased by 50% in cultivated fields, which lowers the CEC and the 

ability of the soil to hold water. Integrated soil fertility management, which includes compost and 

legumes, can bring back 1% SOM in three years, but few people do it without help.  

3. Industrial Effluents, Agricultural Runoff, and Water Quality Decline: Every day, industrial 

estates in Lagos release 500,000 m³ of untreated effluent into streams, raising BOD levels to 

1,000 mg/L. Azo compounds in textile dyes stay in the environment and build up in fish. 

Agricultural runoff from 30 million hectares of farmland brings in 1 million tonnes of fertiliser, 

which makes 70% of southern lakes eutrophic (Izah et al., 2017a, as cited in Izah, 2018).  

In 80% of vegetable samples from Ogun markets, the levels of pesticides like DDT and 

chlorpyrifos are higher than what is allowed in the EU. Groundwater in Kano has 100 mg/L of 

nitrate, which is linked to methemoglobinemia in babies.  Constructed wetlands that treat cassava 

whey cut cyanide levels by 95%, but only 5% of processors use them because they are too 

expensive.  

4. Climate Change Amplification and Regional Vulnerability: Since 1970, the temperature has 

gone up by 1.1°C, which has made growing seasons longer in the north but put more stress on 

cattle. The 30% coefficient of variation in rainfall causes cycles of floods and droughts. In 2012, 

floods forced 7 million people to leave their homes. By 2050, 18,000 km² of the Delta will be at 

risk because the sea level is rising by 3 mm per year and the ground is sinking by 5 mm.  

Coastal states have the highest vulnerability indices, but their ability to adapt is limited by only 

20% electrification in rural areas. Only 30% of people who are at risk are covered by early 

warning systems. 

 

Limitations in Current Environmental Management Structures 

Institutional fragmentation gives 12 federal agencies overlapping responsibilities, which leads to policy 

disagreements. The NGN 5 billion budget for NESREA in 2023 only covers 1% of the monitoring that 

needs to be done. Weak follow-up means that only 35% of EIAs are approved with conditions met. The 
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average time it takes for an environmental case to go through the courts is 7 years, which makes it harder 

to enforce (Aaron, 2018).  

80% of the staff doesn't know how to use GIS, and 90% of the stations don't work. Political interference, 

like giving out 30% of oil licenses without an EIA, hurts credibility.  

Existing Environmental Frameworks and Institutional Arrangements 

The National Policy on Environment (2016) targets 20% forest cover by 2030, but achievement is 5%. 

NESREA enforces 38 regulations, issuing 500 permits yearly. Nigeria’s NDC commits to 20% emissions 

reduction conditionally, relying on gas flare-out by 2030. ECOWAS protocols provide transboundary 

frameworks, but implementation lags (NESREA, 2024). 

 

Integrating Global Principles of Ecosystem Dynamics into Nigeria’s Management System 

1. Eco-Dynamic Modeling for Coastal Resource Management 

Eco-dynamic models integrate Lotka-Volterra equations with environmental drivers to simulate fishery-

tourism-pollution interactions. In the Delta, baseline models project 80% collapse in shrimp biomass 

under 50% industrial coverage within 25 years due to habitat loss and recruitment failure. Sensitivity 

analysis identifies dredging depth and spill frequency as high-leverage variables. Policy scenarios capping 

development at 30% and enforcing 500 m buffer zones preserve 65% of baseline stocks while allowing $2 

billion in annual oil revenue (Ekum et al., 2025). 

Model validation uses 20-year catch data from 50 landing sites, achieving 85% accuracy in predicting 

landings. Stakeholder workshops refine parameters, incorporating fishers’ observations of spawning 

aggregations. The model outputs adaptive harvest quotas, updated quarterly via mobile apps, reducing 

overfishing by 40% in pilot areas.  

 Integration with MSP divides the Delta into zones: 40% conservation, 30% sustainable use, 30% 

extraction. Real-time data from buoys feed the model, triggering automatic permit suspensions if water 

quality thresholds are breached. 

2. Resilience Analysis and Threshold Identification in Vulnerable Systems 

Resilience analysis starts with a methodical look at the parts of a system to find the ones that make it 

possible for the system to stay stable even when things go wrong. This process uses the Resilience 

Assessment Workbook (Resilience Alliance, 2010) to map important variables in Nigerian contexts over 

time and space. For example, in the Hadejia-Nguru wetlands, slow-moving variables like long-term soil 
salinity buildup and changes in the dominant vegetation from native grasses to invasive typha happen over 

decades and affect the overall capacity of the system. Seasonal flood duration and annual fish catch per unit 

effort are examples of faster variables that change from year to year and show stress right away. Threshold 

identification quantifies the tipping points where these variables interact to cause irreversible change; empirical 

data from hydrological records indicate that inundation below 60 days annually triggers a 40% decline in 

native plant diversity, as reduced water inputs fail to flush accumulated salts and suppress invasives (Birgé et 

al., 2016).  

This analysis encompasses feedback mechanisms that either mitigate or exacerbate vulnerability. In wetlands, 

a positive feedback loop forms when shorter floods destroy fish spawning grounds, which lowers predator 

control on algae and speeds up eutrophication, which makes water quality worse. Quantitative modelling, 

which uses differential equations to model these loops, shows that the system is currently within 10% of a 

critical threshold.  

To recover, it would need outside help equal to 20 years of natural flooding. Early warning signs, like the fact 

that rice yields have been more variable over time (from 15% to 25% coefficient of variation over the past 

decade) and that vegetation cover has been slow to recover after a drought, give us useful alerts. These 

indicators come from long-term datasets, such as Landsat-derived NDVI time series from 1984 to 2024. This 

lets managers step in before things go wrong (Briske et al., 2017).  

Getting people involved in resilience assessments makes them more useful. Local scorecards, which were 

created with the help of farmers and fishers, keep track of things like the timing of bird migrations or the 

density of crab burrows. These things are 80% correlated with scientific metrics. In pilot projects around the 

wetlands, these tools have found sub-basin hotspots where typha expansion has gone over 50% cover. This has 
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led to targeted mechanical removal and controlled burns. Satellite data adds to this information from the 

ground. For example, MODIS images show salinity plumes that go 5 km inland during low-flow times. They 

work together to help with restoration plans, like negotiating dam reoperation to set aside 25% of stored water 

for environmental flows. This is expected to extend flooding to 90 days and bring back 70% of the biodiversity 

that existed before the dam was built within 10 years.  

In the Guinea savanna, resilience analysis looks at the land cover thresholds that control desertification. When 

the tree canopy is less than 20%, wind erosion and less rainfall interception start to work together, causing soil 

loss to speed up to 50 tonnes per hectare per year. Farmer Managed Natural Regeneration (FMNR) 

interventions, which protect and prune native stumps, have shown that they can raise cover to 40% in four 

years, crossing the threshold and stabilising microclimates. Using agent-based simulations for threshold 

modelling includes farmer decision rules. It predicts that giving pruning tools to 10,000 households could stop 

100,000 ha of further degradation by 2030. These methods show that we need both scientific and experiential 

indicators to make sure that identification is fair and works well.  

Adaptive thresholds change over time in response to things like changes in the weather. In moderate warming 

scenarios (RCP 4.5), savanna resilience falls by 15% because of longer dry spells. To protect against this, 

farmers need to take proactive steps like planting a variety of crops. In the Niger Delta, the limit for oil spills is 

one per 100 km² per year. If this happens more often, the mangroves lose 30% of their resilience, which is 

measured by fewer propagules being recruited. Monitoring protocols include these limits in national 

dashboards, which then automatically audits high-risk operators.  

For resilience analysis to be part of policy, it needs to be built into institutions. NESREA could require all 

environmental impact statements to include threshold assessments using standardised templates that include 

scenario modelling. Workshops for 500 state officials would help build capacity and make sure that the rules 

are always followed. Open-access software like STELLA would help with simulations. This framework not 

only finds weaknesses, but it also points out chances, like using the resilience of wetlands to reduce the risk of 

flooding in nearby cities.  

Lastly, ethical principles require that everyone be included in defining the threshold. Marginalized groups, like 

women pastoralists in the savanna who bear disproportionate drought burdens, must co-define indicators to 

avoid biased outcomes. Pilot evaluations in Borno State demonstrate that the inclusion of gender-disaggregated 

data enhances accuracy by 25%, thereby ensuring that analyses accurately represent lived experiences. 

3. Nature-Based Solutions and Integration of Indigenous Ecological Knowledge 
 Nature-based solutions (NbS) leverage ecosystem processes to address environmental challenges, offering 

multifunctional benefits that engineered alternatives often lack. In the Niger Delta, NbS center on large-scale 

mangrove restoration, targeting 100,000 ha by 2030 through community-managed nurseries that propagate 5 

million seedlings annually. Site selection uses hydrological modeling to prioritize areas with intact tidal 

exchange, where survival rates reach 70%. Planted mangroves enhance carbon sequestration by 5 tons per 

hectare yearly and reduce wave energy by 50%, protecting coastal villages from erosion and storm surges 

projected to intensify under climate change. Economic assessments, using avoided damage costs, value 

this at $1,000 per hectare annually, far exceeding planting expenses of $200 (Seddon et al., 2020, as cited 

in Obiorah et al., 2025a). 

Indigenous knowledge enriches NbS design by providing context-specific insights honed over 

generations. Ijaw fishers in Bayelsa, for example, time mangrove seed collection to lunar phases, aligning 

with peak propagule dispersal and boosting germination rates 30% over randomized methods. This 

practice, documented through oral histories and ethno-botanical surveys, integrates seamlessly with 

scientific propagation techniques, such as hormone treatments to enhance rooting. In the northern fadama 

systems, Fulani herders employ zai pits—small planting depressions filled with manure and mulch—to 

reclaim saline soils, increasing sorghum yields 100% on plots previously abandoned. These techniques, 

validated in field trials across 1,000 ha, demonstrate how indigenous methods amplify NbS efficacy while 

building local ownership (Ojemade et al., 2018). 

Constructed wetlands represent another NbS application, treating oilfield effluents in situ. In Port 

Harcourt, 50-ha systems planted with Phragmites and Typha filter 90% of total petroleum hydrocarbons 

(TPH) through rhizosphere microbial degradation, at 10% the cost of conventional plants. Monitoring of 

outflow water shows BOD reductions to 20 mg/L, enabling safe discharge and reuse for irrigation. 
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Indigenous enhancements include intercropping with medicinal herbs like Ocimum gratissimum, which 

naturally bioaccumulates heavy metals, providing dual remediation and harvestable yields for community 

health clinics. 

In the Guinea savanna, NbS address desertification through assisted natural regeneration combined with 

traditional fire regimes. Early dry-season burns, guided by Hausa knowledge of wind patterns, prevent 

fuel buildup and late-season megafires, maintaining grassland productivity while allowing tree regrowth. 

Pilots in Jigawa State have reduced wildfire incidence 70% and increased tree density 150% over five 

years, with carbon credits funding expansion to 50,000 ha. This integration preserves cultural practices—

fire as a landscape tool—while aligning with global standards for sustainable land management. 

Challenges in scaling NbS include seed sourcing and tenure security. Community cooperatives, 

empowered through legal recognition, manage 80% of restoration sites, resolving disputes via customary 

arbitration. Gender equity is embedded, with women leading 40% of nurseries, drawing on their roles in 

seed processing and herbal knowledge. Evaluation frameworks use multi-criteria analysis, balancing 

ecological metrics (e.g., species richness) with socioeconomic ones (e.g., income diversification). 

Indigenous knowledge transfer occurs through apprenticeships, where elders train youth in techniques 

like selective pruning for fodder production. In Cross River, this has sustained 200 ha of community 

forests, generating $100,000 in non-timber products yearly. Policy support via the National NbS Strategy 

would allocate 5% of environmental budgets to indigenous-led projects, fostering innovation hubs for 

hybrid solutions. 

The synergy of NbS and indigenous knowledge not only restores ecosystems but also strengthens social 

cohesion. In Yankari Game Reserve, collaborative fire management has reduced human-wildlife conflict 

60% by maintaining migration corridors. Long-term monitoring, blending transect surveys with 

participatory mapping, ensures adaptive refinement, positioning Nigeria as a leader in culturally attuned 

environmental restoration. 

 

Nigeria in the Global Context 

Nigeria versus South Africa: Institutional Capacity and Enforcement 

The DEA in South Africa has a $500 million budget and 5,000 employees. They use digital tracking and 

special courts to make sure that 85% of EIAs are followed. With 1,000 employees and $30 million, 

Nigeria's NESREA only enforces 35% of permits. South Africa's MSP protects 15% of the EEZ, while 

Nigeria's protects 1.3%. If we use South Africa's performance-based funding, which ties 80% of the 

budget to results, we could double enforcement in five years (Lombard et al., 2019). 

 In South Africa, judicial training programs help settle cases in six months. Nigeria could set up 36 

environmental courts.  

Nigeria versus Indonesia: Coastal Governance and Community Engagement 

Indonesia's 7,000 community patrol groups cut illegal fishing in the Coral Triangle by 70%. The 500 

artisanal groups in Nigeria do not have the power of law. Indonesia's one-map policy combines data from 

different ministries, while Nigeria's broken databases lose 50% of the data. A Gulf of Guinea alliance 

could send out 1,000 patrol boats that all use the same satellite feeds (Setiawan et al., 2025).  

In Indonesia, co-management increased fish biomass by 300%. Nigeria could try it out in 100 creeks.  

Nigeria versus Brazil: Deforestation Control and Restoration Strategies 

Brazil's PPCDAm cut down on deforestation in the Amazon by 80% by using satellites to watch over the 

area and tracking the supply chain. Nigeria is 40% ready for REDD+. Brazil's $1 billion Amazon Fund 

checks carbon savings; Nigeria could set up a $500 million Delta Restoration Fund and tax oil at $0.50 

per barrel (Omijeh, 2021). In Nigeria, soy moratorium models could work for palm oil.  
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Nigeria versus India: Urban Environmental Management and Pollution Control 

India's Namami Gange cleaned up 50% of the dirty parts of the river with 200 treatment plants. 90% of 

Nigeria's city rivers are still dirty. India's river basin organisations work together with ten states. Nigeria 

could set up Niger and Benue Basin Authorities that have the power to enforce the law. Smart cities in 

India use green infrastructure, and Lagos could add bioswales to 20% of its drainage systems.  

Toward a Sustainable Future 

1. Green Economy Transitions and Circular Resource Systems 

The goal of a national circular economy policy is to recycle 50% of waste by 2035, which will create 

500,000 jobs in sorting and composting. In Lagos, plastic buy-back programs get back 100,000 tonnes of 

plastic every year. Renewable energy, like solar mini-grids in 5,000 villages, cuts down on the need for 

fuelwood by 30%, saving 10 million trees every year (Aaron, 2018). Green bonds help pay for $10 billion 

worth of infrastructure that will last.  

2. Large-Scale Ecosystem Restoration and Biodiversity-Function Relationships 

Use BEF principles to restore 2 million ha by 2040: planting a variety of plants increases carbon 

sequestration by 40% compared to planting only one type of plant. In the Delta, different types of 

mangroves work together to make waves 50% less powerful. Restoring savannas with 10 different kinds 

of trees increases the number of animals in the soil by 200%, which helps nutrients move around (Naeem, 

2006, as cited in Omijeh, 2021). Monitoring uses an index of biodiversity intactness and aims to keep 

80% of it.  

3. Nigeria’s Potential Regional Leadership in African Environmental Governance 

Establish the African Center for Ecosystem Dynamics in Abuja, training 10,000 professionals from 15 

countries. Export MSP frameworks to ECOWAS, leading Gulf of Guinea conservation. Chair AU 

environmental committee, advocating for 30% protected areas continent-wide (Ekum et al., 2025). 

4. Access to International Financing and Knowledge Transfer Mechanisms 

Secure $1 billion annually via GCF and GEF by meeting MRV standards. South-south cooperation with 

Brazil transfers restoration technology; India shares urban pollution models. Carbon markets under 

Article 6 could generate $500 million from verified mangrove credits. 

 

CONCLUSION 

Incorporating advanced ecosystem dynamics into Nigeria's environmental management is not just an 

academic exercise; it is a matter of survival. Wetlands, savannas, and forests in the country are not just 

resources; they are living systems that are affected by energy flows, nutrient cycles, and feedback loops 

that can either make them stronger or weaker. Current reactive strategies, like cleaning up after spills and 

planting trees after deserts form, only deal with the symptoms while the causes stay the same.  

Adaptive, predictive strategies based on systems thinking represent a paradigm shift: they model 

thresholds before they are crossed, restore functions before services fail, and govern inclusively before 

conflicts arise.  

Lessons from around the world show that it is possible. South Africa zones oceans, Costa Rica pays for 

forests, and India cleans rivers. Nigeria can learn from these new ideas. Local successes, like FMNR in 

Katsina and community monitoring in the Delta, show that there is capacity. Scaling up needs political 

will: give NESREA enough money, give LEMCs more power, hold people accountable, and teach people 

in classrooms and boardrooms.  

The cost of doing nothing is life-threatening. Degraded ecosystems put food security at risk for 220 

million people, force millions to move because of climate change, and weaken the natural capital that 

supports GDP. But the chance is just as big: restored mangroves can protect coasts and feed people, 

revived savannas can store carbon and support pastoralists, and green cities can cool down cities and give 

jobs to young people.  

Nigeria is at a turning point. By using science, policy, and people to understand how ecosystems work, 

we can change how we manage the environment from reacting to crises to planning for the long term. The 

Obiorah et al. ….. Int. J. Innovative Biosciences Res 13(4):51-68, 2025 

 



68 

 

way is clear: keep an eye on things, model them, change them, include them, and restore them. Now is the 

time to act. 
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