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Abstract 

  Wetlands are among the most productive and biologically diverse ecosystems on Earth, providing 

indispensable ecological, economic, and social benefits. They function as natural water filters, flood 

regulators, carbon sinks, and habitats for a wide range of flora and fauna. Since the mid-twentieth century, 

however, rapid urbanization, industrialization, agricultural expansion, infrastructure development, and climate 

change have resulted in extensive wetland degradation and biodiversity loss worldwide. The period from 1947 

to 2017 witnessed remarkable progress in wetland science, conservation policies, ecological restoration 

techniques, and international cooperation aimed at reversing these adverse trends. This review synthesizes 

seventy years of scientific knowledge on wetland restoration and its influence on faunal diversity. Using a 

comprehensive review methodology based on peer-reviewed journal articles, books, technical reports, and 

publications from international organizations, the study examines the historical evolution of wetland 

restoration, major drivers of wetland degradation, restoration approaches, and ecological responses of faunal 

communities. Particular emphasis is placed on aquatic and semi-aquatic organisms, including fish, 

amphibians, reptiles, birds, mammals, and aquatic invertebrates, whose population dynamics serve as 

indicators of ecosystem health. The review demonstrates that successful wetland restoration enhances habitat 

quality, increases species richness, improves ecological connectivi ty, strengthens trophic interactions, and 

supports ecosystem resilience. Nevertheless, restoration outcomes vary according to hydrological conditions, 

landscape characteristics, restoration design, management strategies, and long-term monitoring. The study 

highlights the importance of integrated watershed management, adaptive restoration planning, community 

participation, policy support, and biodiversity monitoring in achieving sustainable wetland conservation. The 

findings provide a comprehensive understanding of the relationship between wetland restoration and faunal 

diversity while identifying future research priorities for ecological restoration and biodiversity conservation 

in the context of global environmental change. 

Keywords: Wetland Restoration, Faunal Diversity, Biodiversity Conservation, Aquatic Ecosystems, 

Ecological Restoration, Ramsar Convention, Habitat Restoration, Ecosystem Services, Wildlife Conservation, 

Wetland Ecology. 

Introduction 

Wetlands represent one of the world's most valuable natural ecosystems because of their exceptional 

ecological productivity, biodiversity, and capacity to provide essential ecosystem services. Occupying the 

transitional zone between terrestrial and aquatic environments, wetlands include marshes, swamps, bogs, 

peatlands, floodplains, mangroves, estuaries, riverine wetlands, lakeshores, and coastal lagoons. These 

ecosystems regulate hydrological cycles, recharge groundwater, mitigate floods, purify water, store carbon, 

stabilize local climates, and sustain fisheries and agriculture. They also provide habitat for thousands of plant 

and animal species, many of which are endemic, threatened, or migratory. 
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Faunal diversity within wetlands is exceptionally rich due to the variety of ecological niches created by 

fluctuating water levels, abundant food resources, and diverse vegetation structures. Wetlands support 

breeding, feeding, nesting, migration, and refuge for numerous species of fish, amphibians, reptiles, birds, 

mammals, and aquatic invertebrates. Many migratory waterbirds depend entirely on wetlands during their 

seasonal migrations, while amphibians and freshwater fishes rely on wetland habitats for reproduction and 

survival. Consequently, the health of wetland ecosystems is closely linked to global biodiversity conservation. 

Despite their ecological significance, wetlands have historically been regarded as wastelands suitable for 

drainage and conversion to agriculture, urban settlements, and industrial development. Following the Second 

World War, rapid economic development accelerated the reclamation of wetlands for irrigation projects, dams, 

transportation infrastructure, mining, and expanding cities. During the latter half of the twentieth century, 

scientific assessments revealed alarming rates of wetland destruction across continents, accompanied by 

significant declines in wildlife populations, habitat fragmentation, reduced water quality, invasive species 

proliferation, and disruption of ecological processes. These environmental challenges prompted growing 

international concern regarding wetland conservation. 

The period from 1947 to 2017 marks an important era in the evolution of wetland restoration science. Early 

restoration initiatives primarily focused on engineering interventions such as drainage control and water 

management. By the 1970s and 1980s, restoration efforts increasingly incorporated ecological principles 

emphasizing habitat rehabilitation, hydrological restoration, native vegetation recovery, and biodiversity 

enhancement. The adoption of the Ramsar Convention in 1971 represented a milestone in global wetland 

conservation by promoting the wise use of wetlands and encouraging international cooperation. Subsequent 

decades witnessed significant advances in restoration ecology, conservation biology, landscape ecology, 

environmental legislation, remote sensing, geographic information systems (GIS), and ecological monitoring. 

Wetland restoration has emerged as one of the most effective strategies for reversing biodiversity loss. 

Restoration involves re-establishing ecological structure, functions, and processes in degraded wetlands 

through hydrological rehabilitation, pollution control, invasive species management, vegetation restoration, 

habitat enhancement, and watershed management. Successful restoration not only improves ecosystem 

functions but also facilitates the recovery of faunal populations by increasing habitat complexity, food 

availability, breeding sites, ecological connectivity, and resilience against environmental disturbances.  

The relationship between wetland restoration and faunal diversity is multidimensional. Different taxonomic 

groups respond differently depending on habitat quality, restoration age, hydrological regimes, surrounding 

landscapes, climate variability, and management practices. While many restoration projects have 

demonstrated remarkable increases in species richness and abundance, others have produced limited 

ecological recovery due to inadequate planning, insufficient monitoring, or continued anthropogenic 

pressures. Therefore, evaluating restoration effectiveness requires long-term ecological assessments 

integrating biological, hydrological, and environmental indicators. 

Over the past seven decades, scientific literature has substantially expanded our understanding of ecological 

restoration, biodiversity recovery, ecosystem services, and conservation planning. Nevertheless, studies 

remain fragmented across geographical regions, taxonomic groups, and restoration methodologies. A 

comprehensive synthesis of research conducted between 1947 and 2017 is therefore essential for identifying 

broad ecological trends, assessing restoration outcomes, and informing future conservation strategies.  
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This review seeks to integrate historical developments, restoration approaches, ecological evidence, and 

biodiversity responses to provide a comprehensive understanding of how wetland restoration contributes to 

the conservation of faunal diversity. The review also highlights emerging challenges and identifies research 

priorities necessary for sustaining wetland ecosystems under increasing environmental pressures associated 

with climate change, population growth, and land-use transformation. 

2. Objectives of the Study 

The present review has been undertaken with the following objectives: 

1. To examine the historical development of wetland restoration from 1947 to 2017.  

2. To review the ecological significance of wetlands in maintaining global faunal diversity.  

3. To identify the major anthropogenic and natural factors responsible for wetland degradation and biodiversity 

loss.  

4. To analyze various wetland restoration approaches adopted across different ecological regions.  

5. To evaluate the effects of wetland restoration on fish, amphibians, reptiles, birds, mammals, and aquatic 

invertebrates.  

6. To examine global case studies demonstrating successful and unsuccessful wetland restoration initiatives.  

7. To assess ecological indicators used for evaluating restoration success and biodiversity recovery.  

8. To identify current challenges, knowledge gaps, and limitations in wetland restoration practices.  

9. To recommend future strategies for sustainable wetland restoration, biodiversity conservation, and ecosystem 

management.  

3. Research Methodology 

The present study adopts a qualitative, descriptive, and analytical review methodology designed to synthesize 

scientific knowledge on wetland restoration and faunal diversity published between 1947 and 2017. Rather 

than presenting new field observations, the review integrates findings from multidisciplinary research to 

provide a comprehensive understanding of historical developments, restoration practices, ecological 

responses, and biodiversity outcomes. 

The review is based primarily on secondary data obtained from peer-reviewed scientific journals, academic 

books, conference proceedings, doctoral dissertations, government reports, technical publications, and 

international conservation organizations. Important sources include publications from the Ramsar Convention 

Secretariat, International Union for Conservation of Nature (IUCN), Millennium Ecosystem Assessment, 

Convention on Biological Diversity (CBD), United Nations Environment Programme (UNEP), Food and 

Agriculture Organization (FAO), Wetlands International, World Wildlife Fund (WWF), and other recognized 

institutions engaged in wetland research and conservation. 

The literature was selected according to its scientific relevance, methodological rigor, ecological significance, 

and contribution to understanding wetland restoration and faunal diversity. Priority was given to studies 

examining hydrological restoration, habitat rehabilitation, biodiversity assessment, ecological monitoring, 

restoration ecology, wildlife conservation, ecosystem services, landscape ecology, and adaptive management. 
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Research representing different climatic regions, wetland types, and taxonomic groups was included to ensure 

comprehensive geographical and ecological coverage. 

The review period (1947–2017) was chosen to capture the evolution of wetland restoration from post-war 

engineering-based interventions to modern ecosystem-based restoration approaches. The analysis traces major 

scientific milestones, policy developments, technological innovations, and conservation initiatives over seven 

decades, with particular attention to the establishment of the Ramsar Convention and subsequent advances in 

restoration ecology. 

Information extracted from the selected literature was organized into thematic categories, including historical 

development, causes of wetland degradation, restoration techniques, ecological functions, faunal diversity, 

biodiversity responses, restoration success indicators, ecosystem services, and conservation challenges. 

Comparative analysis was employed to identify recurring patterns, similarities, differences, and emerging 

trends across restoration projects undertaken in different regions of the world. 

The review also incorporates ecological concepts such as habitat connectivity, species richness, ecological 

resilience, trophic interactions, landscape ecology, adaptive management, and ecosystem functioning to 

interpret restoration outcomes. These concepts provide a scientific framework for understanding the 

mechanisms through which wetland restoration influences biodiversity recovery. 

Although every effort has been made to ensure comprehensive coverage, the study is limited by the availability 

of published literature and variations in restoration methodologies, monitoring duration, and biodiversity 

assessment techniques among different studies. Nevertheless, the synthesis provides a reliable overview of 

scientific progress and serves as a valuable reference for researchers, conservation practitioners, policymakers, 

and environmental managers interested in wetland restoration and biodiversity conservation. 

4. Historical Development of Wetland Restoration (1947–2017) 

The history of wetland restoration between 1947 and 2017 reflects a significant transformation in 

environmental philosophy, scientific understanding, and conservation policy. During the early post -World 

War II period, wetlands were widely perceived as unproductive landscapes that impeded agricultural 

expansion and urban development. Governments across North America, Europe, Asia, and other regions 

promoted large-scale drainage, land reclamation, river channelization, and flood-control projects to convert 

wetlands into agricultural fields, industrial zones, and residential areas. These interventions were supported 

by engineering approaches that emphasized economic development while largely ignoring ecological 

consequences. 

Throughout the 1950s and 1960s, rapid industrialization and urban expansion accelerated wetland degradation 

worldwide. Massive irrigation projects, hydroelectric dams, transportation networks, mining operations, and 

pollution from industries and agriculture altered natural hydrological regimes. Scientific studies gradually 

revealed that wetland destruction resulted in declining fish populations, reduced waterbird habitats, increased 

flood risks, deteriorating water quality, and substantial biodiversity loss. Ecologists began recognizing 

wetlands as complex ecosystems providing irreplaceable ecological services rather than wastelands.  

The 1970s marked a turning point in global wetland conservation. One of the most important milestones was 

the adoption of the Convention on Wetlands of International Importance, commonly known as the 

Ramsar Convention, in 1971. The convention introduced the principle of the "wise use" of wetlands and 
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encouraged member nations to designate internationally important wetlands for conservation and sustainable 

management. This international agreement stimulated ecological research, policy development, and 

restoration initiatives across numerous countries. 

During the 1980s, restoration ecology emerged as an independent scientific discipline. Researchers 

increasingly understood that successful restoration required more than simply reintroducing water into 

degraded landscapes. Restoration projects began incorporating hydrological rehabilitation, native vegetation 

establishment, wildlife habitat improvement, invasive species management, and long-term ecological 

monitoring. Ecological processes such as nutrient cycling, sediment dynamics, species interactions, and 

habitat connectivity became integral components of restoration planning. 

The 1990s witnessed rapid advances in ecological science, conservation biology, landscape ecology, and 

environmental legislation. Geographic Information Systems (GIS), remote sensing technologies, and 

computer-based ecological models significantly improved wetland mapping, habitat assessment, and 

restoration planning. Governments introduced stricter environmental regulations aimed at protecting 

freshwater ecosystems, reducing pollution, and promoting habitat restoration. Community participation and 

stakeholder involvement became increasingly recognized as essential components of sustainable restoration 

programs. 

The publication of the Millennium Ecosystem Assessment during the early twenty-first century further 

strengthened scientific understanding of wetland ecosystem services. Researchers highlighted wetlands' 

contributions to carbon sequestration, groundwater recharge, flood mitigation, climate regulation, nutrient  

retention, fisheries, and biodiversity conservation. Consequently, restoration objectives expanded beyond 

habitat recovery to include ecosystem resilience, climate adaptation, sustainable livelihoods, and integrated 

watershed management. 

Between 2005 and 2017, ecological restoration became increasingly multidisciplinary. Restoration projects 

incorporated hydrology, ecology, environmental engineering, social sciences, economics, climate science, and 

spatial technologies. Adaptive management approaches were widely adopted, allowing restoration strategies 

to be modified according to monitoring results. Restoration success began to be evaluated using biological 

indicators such as species richness, community composition, reproductive success, ecological integrity, and 

ecosystem functioning rather than engineering achievements alone. 

By 2017, wetland restoration had evolved into a globally recognized conservation strategy supported by 

governments, international organizations, research institutions, and local communities. Scientific evidence 

demonstrated that well-designed restoration projects substantially improved habitat quality, enhanced faunal 

diversity, increased ecological resilience, and restored multiple ecosystem services. Nevertheless, researchers 

also acknowledged that complete ecological recovery often required decades of sustained management and 

continuous monitoring. 

5. Types and Importance of Wetlands 

Wetlands exhibit extraordinary diversity in their physical characteristics, hydrology, vegetation, and 

ecological functions. They occur in freshwater, brackish, and marine environments across tropical, temperate, 

and polar regions. Their ecological importance varies according to geographical location, climatic conditions, 

and hydrological processes. 
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5.1 Freshwater Wetlands 

Freshwater wetlands include marshes, swamps, floodplains, riverine wetlands, lakeshores, ponds, bogs, fens, 

and peatlands. These wetlands receive water primarily from precipitation, rivers, streams, or groundwater. 

They provide critical habitats for freshwater fishes, amphibians, reptiles, aquatic insects, and migratory birds 

while regulating river flows and maintaining groundwater reserves. 

5.2 Coastal Wetlands 

Coastal wetlands include mangrove forests, estuaries, salt marshes, tidal flats, lagoons, and seagrass meadows. 

These ecosystems form transitional zones between terrestrial and marine environments. Coastal wetlands 

protect shorelines from erosion, reduce storm impacts, support commercial fisheries, and provide breeding 

grounds for numerous marine organisms. 

5.3 Inland Floodplain Wetlands 

Floodplain wetlands develop along rivers and experience periodic flooding. Seasonal inundation enriches 

soils, transports nutrients, and supports highly productive ecosystems. These wetlands sustain large 

populations of fish, waterbirds, mammals, reptiles, and aquatic vegetation while regulating downstream water 

flows. 

5.4 Peatlands 

Peatlands are wetlands characterized by the accumulation of partially decomposed organic matter. Although 

occupying a relatively small proportion of Earth's surface, peatlands store enormous quantities of carbon, 

making them among the world's most significant natural carbon sinks. Their restoration contributes 

substantially to climate change mitigation. 

5.5 Artificial Wetlands 

Artificial or constructed wetlands are engineered ecosystems developed for wastewater treatment, stormwater 

management, habitat creation, and ecological restoration. Increasingly, these wetlands complement natural 

wetlands by improving water quality and providing habitats for various wildlife species. 

 

Ecological Importance of Wetlands 

Wetlands perform numerous ecological functions that directly support biodiversity and human well -being. 

Hydrological Regulation 

Wetlands store excess rainfall and gradually release water, reducing flood intensity during wet seasons and 

maintaining stream flows during dry periods. They enhance groundwater recharge and stabilize hydrological 

cycles. 

Water Purification 

Wetland vegetation, microorganisms, and sediments remove nutrients, heavy metals, suspended particles, 

pathogens, and organic pollutants from water through natural filtration processes. Consequently, wetlands 

significantly improve freshwater quality. 

Carbon Sequestration 
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Wetlands capture atmospheric carbon dioxide through photosynthesis and store carbon within vegetation and 

soils for extended periods. Peatlands, mangroves, and marshes play particularly important roles in global 

carbon storage and climate regulation. 

Nutrient Cycling 

Wetlands regulate nitrogen, phosphorus, sulfur, and carbon cycling through microbial activity and plant 

uptake, maintaining ecosystem productivity while preventing nutrient pollution. 

Soil Conservation 

Wetland vegetation stabilizes soils, reduces erosion, traps sediments, and maintains riverbanks and coastal 

landscapes. 

Biodiversity Conservation 

Wetlands provide habitats for an exceptionally wide range of animal species, supporting breeding, feeding, 

migration, shelter, and reproduction. They are among the most productive ecosystems for wildlife 

conservation. 

Economic Importance 

Wetlands support fisheries, agriculture, forestry, tourism, recreation, transportation, and cultural traditions. 

Millions of people depend directly on wetland resources for food security and livelihoods. 

6. Wetlands as Biodiversity Hotspots 

Wetlands occupy only a small proportion of Earth's surface, yet they support disproportionately high levels of 

biodiversity. The interaction of aquatic and terrestrial environments creates diverse ecological niches capable 

of sustaining complex food webs and species interactions. Wetland biodiversity encompasses microorganisms, 

aquatic plants, algae, invertebrates, fishes, amphibians, reptiles, birds, and mammals.  

Fish diversity in wetlands is particularly remarkable because these ecosystems provide spawning grounds, 

nursery habitats, feeding areas, and migration corridors. Seasonal flooding enables fish to access nutrient -rich 

floodplains where juvenile survival rates are often significantly higher than in permanent river channels. 

Amphibians depend heavily on wetlands for reproduction because their eggs and larvae require aquatic 

environments. Wetland degradation is therefore closely associated with global amphibian population declines. 

Restoration of shallow ponds, marshes, and riparian habitats frequently results in rapid amphibian 

recolonization. 

Wetlands also provide essential habitats for reptiles such as turtles, crocodilians, snakes, and lizards. These 

animals depend upon wetland vegetation, basking sites, nesting areas, and aquatic prey for survival.  

Bird diversity is perhaps the most visible component of wetland ecosystems. Resident and migratory 

waterbirds rely upon wetlands for nesting, feeding, moulting, and resting during migration. Wetlands support 

ducks, geese, cranes, herons, storks, flamingos, pelicans, shorebirds, kingfishers, and numerous other avian 

species. International migratory flyways connect thousands of wetlands across continents, emphasizing the 

global importance of wetland conservation. 
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Wetlands also sustain numerous mammal species, including otters, beavers, muskrats, fishing cats, swamp 

deer, elephants, hippopotamuses, and many small mammals. These species contribute to ecosystem 

functioning through seed dispersal, vegetation regulation, nutrient cycling, and predator-prey interactions. 

Aquatic invertebrates—including insects, mollusks, crustaceans, worms, and zooplankton—constitute the 

foundation of wetland food webs. Their abundance influences fish populations, amphibian survival, bird 

reproduction, and nutrient cycling. Because many invertebrates respond rapidly to environmental change, they 

are widely used as bioindicators of wetland health. 

The exceptionally high biodiversity of wetlands contributes to ecological stability, genetic diversity, 

ecosystem resilience, and evolutionary adaptation. Restoration projects that successfully recover habitat 

heterogeneity often witness substantial increases in species richness and ecological interactions. 

7. Major Drivers of Wetland Degradation 

Wetland degradation results from multiple interacting natural and anthropogenic pressures that alter ecological 

structure, hydrology, and biological communities. 

7.1 Agricultural Expansion 

Agricultural development has historically been the leading cause of wetland destruction. Drainage for crop 

cultivation, excessive groundwater extraction, fertilizer application, pesticide contamination, and livestock 

grazing alter wetland ecosystems and reduce biodiversity. 

7.2 Urbanization 

Rapid urban growth converts wetlands into residential, commercial, and industrial areas. Urban expansion 

increases impervious surfaces, alters drainage patterns, fragments habitats, and introduces pollution into 

aquatic ecosystems. 

7.3 Industrial Pollution 

Industrial discharges containing heavy metals, chemicals, petroleum products, and toxic substances degrade 

water quality, accumulate in sediments, and threaten aquatic organisms through bioaccumulation and 

biomagnification. 

7.4 Water Resource Development 

Construction of dams, reservoirs, canals, levees, and irrigation systems modifies natural river flows, disrupts 

seasonal flooding, reduces sediment transport, and alters ecological processes essential for wetland 

functioning. 

7.5 Climate Change 

Rising temperatures, altered precipitation patterns, sea-level rise, extreme weather events, and prolonged 

droughts increasingly threaten wetland ecosystems by changing hydrological regimes and species 

distributions. 

7.6 Invasive Alien Species 
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Non-native plants and animals compete with indigenous species, alter food webs, modify habitat structure, 

and reduce biodiversity. Invasive aquatic plants frequently dominate restored wetlands when management is 

inadequate. 

7.7 Overexploitation 

Unsustainable fishing, hunting, fuelwood collection, peat extraction, and excessive harvesting of wetland 

resources contribute to habitat degradation and wildlife population declines. 

7.8 Nutrient Enrichment 

Agricultural runoff containing nitrogen and phosphorus causes eutrophication, harmful algal blooms, oxygen 

depletion, and fish mortality, severely affecting wetland biodiversity. 

8. Concept and Components of Faunal Diversity 

Faunal diversity refers to the variety, abundance, distribution, and ecological interactions of animal species 

within a particular ecosystem. It encompasses taxonomic diversity, genetic diversity, functional diversity, and 

ecological diversity. Healthy wetland ecosystems generally exhibit high faunal diversity due to habitat 

complexity, abundant food resources, and dynamic hydrological conditions. 

Major components of wetland faunal diversity include: 

• Fish Diversity: Species richness, spawning success, trophic diversity, and migratory populations.  

• Amphibian Diversity: Frogs, toads, salamanders, and caecilians dependent on aquatic breeding habitats.  

• Reptile Diversity: Freshwater turtles, crocodilians, snakes, and semi-aquatic reptiles.  

• Bird Diversity: Resident, migratory, breeding, and wintering waterbirds.  

• Mammalian Diversity: Semi-aquatic mammals, herbivores, carnivores, and small mammals associated with 

wetlands.  

• Aquatic Invertebrate Diversity: Mollusks, crustaceans, insects, annelids, zooplankton, and benthic 

macroinvertebrates that support wetland food webs.  

Faunal diversity serves as one of the most reliable indicators of restoration success because changes in species 

composition, abundance, reproductive success, and community structure reflect improvements in habitat 

quality and ecosystem functioning. 

. Wetland Restoration Techniques 

Wetland restoration is a multidisciplinary process aimed at re-establishing the ecological structure, functions, 

and services of degraded wetlands. Successful restoration requires an understanding of hydrology, soil 

characteristics, vegetation, wildlife ecology, and landscape dynamics. Over the period 1947–2017, restoration 

techniques evolved from engineering-based interventions to ecosystem-based approaches that integrate 

ecological principles, adaptive management, and stakeholder participation. 

9.1 Hydrological Restoration 

Hydrology is the foundation of wetland ecosystems. The restoration of natural water regimes is often the first 

and most critical step in wetland recovery. Hydrological restoration involves reconnecting wetlands with 
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rivers, removing drainage channels, restoring seasonal flooding, increasing groundwater recharge, modifying 

dams or levees, and re-establishing natural water flow patterns. 

Natural hydrological cycles determine soil moisture, nutrient transport, oxygen availability, vegetation 

growth, and habitat suitability for aquatic organisms. Restoring these processes enables wetlands to regain 

their ecological functions and supports the recovery of faunal communities. 

Numerous restoration projects have shown that even modest improvements in hydrological conditions can 

substantially increase biodiversity by recreating breeding habitats for amphibians, spawning grounds for fish, 

and feeding areas for migratory birds. 

9.2 Vegetation Restoration 

Native vegetation provides food, shelter, nesting sites, and breeding habitats for wildlife. Restoration 

commonly includes planting indigenous wetland grasses, sedges, reeds, shrubs, mangroves, and aquatic 

macrophytes while removing invasive plant species. 

Vegetation restoration enhances: 

• Habitat complexity  

• Primary productivity  

• Food availability  

• Soil stabilization  

• Carbon sequestration  

• Water purification  

As vegetation matures, ecological succession promotes increasing biodiversity by creating diverse 

microhabitats for different faunal groups. 

9.3 Soil Restoration 

Wetland soils are essential for nutrient cycling, microbial activity, and water retention. Degraded wetlands 

often suffer from soil compaction, contamination, erosion, and nutrient imbalance. 

Soil restoration includes: 

• Organic matter addition  

• Sediment management  

• Removal of contaminated soils  

• Re-establishment of anaerobic soil conditions  

• Prevention of erosion  

Healthy wetland soils support microorganisms that regulate nutrient cycling and contribute to ecosystem 

productivity. 

9.4 Water Quality Improvement 
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Pollution is a major obstacle to wetland restoration. Restoration efforts therefore focus on improving water 

quality through: 

• Reduction of industrial discharge  

• Agricultural best management practices  

• Wastewater treatment  

• Buffer zone establishment  

• Nutrient reduction  

• Sediment control  

Improved water quality increases survival rates of fish, amphibians, aquatic insects, and other sensitive 

organisms. 

9.5 Invasive Species Management 

Invasive alien species frequently dominate degraded wetlands and suppress native biodiversity.  

Management strategies include: 

• Mechanical removal  

• Biological control  

• Controlled herbicide application  

• Regular ecological monitoring  

• Prevention of reinvasion  

Successful invasive species control allows native vegetation and wildlife populations to recover naturally.  

9.6 Habitat Enhancement 

Habitat enhancement creates structural diversity within restored wetlands. 

Common measures include: 

• Constructing shallow ponds  

• Creating islands for nesting birds  

• Installing fish refuges  

• Restoring riparian vegetation  

• Developing breeding pools  

• Increasing habitat connectivity  

Habitat heterogeneity supports greater species richness by providing niches for organisms with different 

ecological requirements. 

9.7 Landscape-Level Restoration 
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Modern restoration increasingly recognizes that wetlands function within broader watersheds rather than as 

isolated ecosystems. 

Landscape-scale restoration includes: 

• River restoration  

• Floodplain reconnection  

• Watershed management  

• Ecological corridor development  

• Conservation of surrounding forests and grasslands  

Landscape connectivity facilitates wildlife movement, gene flow, recolonization, and long-term ecosystem 

resilience. 

9.8 Adaptive Management 

Adaptive management integrates continuous ecological monitoring with flexible decision-making. 

The process involves: 

• Baseline assessment  

• Restoration planning  

• Implementation  

• Monitoring  

• Evaluation  

• Management modification  

This approach acknowledges ecological uncertainty and improves restoration success through evidence-based 

management. 

10. Effects of Wetland Restoration on Fish Diversity 

Fish are among the earliest and most sensitive indicators of wetland recovery because they respond rapidly to 

improvements in hydrology, habitat complexity, and water quality. 

10.1 Recovery of Fish Habitat 

Hydrological restoration reconnects rivers with floodplains, enabling fish migration between spawning and 

feeding habitats. 

Restored wetlands provide: 

• Nursery habitats  

• Refuge during droughts  

• Feeding grounds  

• Spawning areas  
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• Seasonal migration corridors  

These habitats increase juvenile survival and enhance overall fish productivity. 

10.2 Species Richness 

Numerous studies have demonstrated increases in fish species richness following wetland restoration.  

Improved habitat diversity supports: 

• Herbivorous fish  

• Carnivorous fish  

• Omnivorous fish  

• Bottom-feeding species  

• Migratory species  

Species richness generally increases over several years as ecological succession progresses.  

10.3 Population Abundance 

Fish abundance often increases following restoration because of: 

• Improved dissolved oxygen  

• Reduced pollution  

• Increased food resources  

• Better breeding habitats  

• Reduced habitat fragmentation  

Healthy fish populations also strengthen aquatic food webs by supporting birds, reptiles, and mammals.  

10.4 Genetic Diversity 

Habitat connectivity enables movement among fish populations, increasing genetic exchange and reducing 

inbreeding. 

Greater genetic diversity improves: 

• Disease resistance  

• Environmental adaptation  

• Population stability  

• Evolutionary potential  

10.5 Fisheries Productivity 

Wetland restoration benefits local fisheries by increasing fish biomass and recruitment.  

Improved fisheries contribute to: 

• Food security  
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• Rural livelihoods  

• Recreational fishing  

• Sustainable resource management  

11. Effects of Wetland Restoration on Amphibians and Reptiles 

Amphibians and reptiles are highly dependent on wetland habitats and are particularly sensitive to 

environmental changes. 

11.1 Amphibian Recovery 

Amphibians require wetlands for breeding because their eggs and larvae develop in aquatic environments.  

Restoration improves: 

• Breeding ponds  

• Hydroperiod stability  

• Aquatic vegetation  

• Water quality  

• Insect prey availability  

Many restored wetlands show rapid recolonization by frogs, toads, salamanders, and newts within only a few 

years. 

11.2 Reduction in Amphibian Decline 

Habitat destruction has contributed significantly to global amphibian declines. 

Restoration addresses: 

• Habitat fragmentation  

• Pollution  

• Water loss  

• Disease vulnerability  

• Loss of breeding sites  

Long-term monitoring often reveals increasing amphibian populations following successful restoration.  

11.3 Reptile Conservation 

Wetlands support numerous reptile species including: 

• Freshwater turtles  

• Crocodilians  

• Water snakes  

• Lizards  
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Restoration enhances: 

• Nesting habitat  

• Basking sites  

• Aquatic prey  

• Refuge from predators  

11.4 Ecological Roles 

Amphibians and reptiles regulate insect populations while serving as prey for birds and mammals.  

Healthy populations indicate: 

• Good water quality  

• Stable hydrology  

• Functional food webs  

• Ecological integrity  

12. Effects of Wetland Restoration on Birds and Mammals 

Birds are among the most visible beneficiaries of wetland restoration. 

12.1 Waterbird Diversity 

Wetland restoration creates feeding and nesting habitats for: 

• Ducks  

• Geese  

• Herons  

• Cranes  

• Pelicans  

• Flamingos  

• Shorebirds  

• Storks  

Bird diversity often increases dramatically following restoration. 

12.2 Migratory Birds 

Millions of migratory birds depend upon restored wetlands along international flyways. 

Restoration provides: 

• Stopover habitats  

• Resting sites  

• Feeding grounds  
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• Wintering habitat  

Protection of multiple wetlands across landscapes strengthens migratory bird conservation. 

12.3 Breeding Success 

Improved habitat quality increases: 

• Nesting success  

• Egg survival  

• Chick survival  

• Food availability  

Reduced disturbance further enhances reproductive success. 

12.4 Mammalian Recovery 

Wetland mammals include: 

• Otters  

• Beavers  

• Muskrats  

• Fishing cats  

• Swamp deer  

• Small rodents  

Restoration improves: 

• Shelter  

• Food resources  

• Water availability  

• Movement corridors  

Many mammals act as ecosystem engineers that further improve habitat quality. 

12.5 Trophic Interactions 

Restored wetlands support complete food webs. 

Examples include: 

Aquatic plants → Invertebrates → Fish → Birds → Mammalian predators 

The restoration of trophic interactions strengthens ecosystem stability and resilience. 

13. Effects of Wetland Restoration on Aquatic Invertebrates 

Aquatic invertebrates are essential components of wetland ecosystems and frequently serve as bioindicators.  

13.1 Increased Species Richness 
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Restoration increases habitat diversity for: 

• Dragonflies  

• Damselflies  

• Mayflies  

• Caddisflies  

• Mollusks  

• Crustaceans  

• Worms  

Species richness generally increases with vegetation recovery and improved water quality.  

13.2 Food Web Recovery 

Aquatic invertebrates provide food for: 

• Fish  

• Amphibians  

• Waterbirds  

• Reptiles  

Their recovery strengthens higher trophic levels throughout the ecosystem. 

13.3 Water Quality Indicators 

Many aquatic insects are highly sensitive to pollution. 

Their presence indicates: 

• High dissolved oxygen  

• Low contamination  

• Stable hydrology  

• Healthy ecosystem functioning  

Consequently, macroinvertebrate monitoring has become a standard method for evaluating restoration 

success. 

13.4 Nutrient Cycling 

Aquatic invertebrates contribute to: 

• Organic matter decomposition  

• Sediment processing  

• Nutrient recycling  

• Primary productivity  
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These ecological functions accelerate ecosystem recovery following restoration. 

14. Ecological Indicators of Restoration Success 

Evaluating restoration requires long-term monitoring using multiple ecological indicators. 

14.1 Species Richness 

An increase in the number of native species indicates improving habitat quality. 

14.2 Species Abundance 

Population growth among native fauna reflects successful restoration. 

14.3 Community Composition 

Recovery is characterized by the return of native species and reduction of invasive species.  

14.4 Habitat Complexity 

Greater structural diversity generally supports higher biodiversity. 

14.5 Water Quality 

Important indicators include: 

• Dissolved oxygen  

• pH  

• Turbidity  

• Nutrient concentrations  

• Conductivity  

• Biological oxygen demand  

14.6 Hydrological Stability 

Natural flooding patterns and groundwater recharge indicate restoration success. 

14.7 Ecosystem Function 

Healthy restored wetlands demonstrate: 

• Nutrient cycling  

• Carbon storage  

• Pollination support  

• Food web stability  

• Ecological resilience  

14.8 Long-Term Monitoring 

Because ecological recovery often requires decades, continuous monitoring is essential to evaluate:  

• Biodiversity trends  



eISSN 2581-8996 
ONLINE 

THE INTERNATIONAL JOURNAL OF ADVANCED RESEARCH IN MULTIDISCIPLINARY SCIENCES (IJARMS)  
A BI-ANNUAL, OPEN ACCESS, PEER REVIEWED (REFEREED) JOURNAL 

Vol. 01, Special Issue 03, June 2018 
 

  

EISSN 2581-8996  

©IJARMS JOURNAL, 2018     WWW.IJARMS.ORG 19 

 

• Habitat quality  

• Climate impacts  

• Restoration effectiveness  

• Adaptive management outcomes  

Long-term monitoring enables restoration practitioners to modify management strategies as ecological 

conditions change, thereby increasing the likelihood of achieving sustainable wetland ecosystems. 

15. Global Case Studies of Wetland Restoration 

Wetland restoration has been implemented across diverse ecological regions using approaches tailored to local 

environmental conditions and conservation priorities. The following case studies illustrate how restoration has 

enhanced faunal diversity, ecosystem functioning, and the provision of ecosystem services. 

15.1 The Florida Everglades (United States) 

The Everglades constitute one of the world's largest subtropical wetland ecosystems. During the twentieth 

century, extensive drainage, canal construction, flood-control infrastructure, and urban expansion altered 

natural water flows, resulting in habitat fragmentation, declining fish populations, reduced bird nesting 

success, invasive species proliferation, and deteriorating water quality. 

The Comprehensive Everglades Restoration Plan (CERP), initiated in 2000, sought to restore natural 

hydrological regimes through water storage, canal modification, wetland rehabilitation, and ecosystem-based 

management. Restoration has improved hydroperiods, increased freshwater availability, enhanced habitat 

connectivity, and supported the recovery of wading birds, fish communities, alligators, and other wetland-

dependent fauna. Although ecological recovery remains ongoing, the Everglades demonstrate the importance 

of long-term, watershed-scale restoration. 

15.2 Danube River Floodplains (Europe) 

Historically, the Danube River supported extensive floodplain wetlands rich in biodiversity. River regulation, 

levee construction, navigation projects, and agricultural expansion disconnected floodplains from natural 

flooding processes, resulting in substantial habitat loss. 

Restoration projects reconnected rivers with floodplains, restored seasonal inundation, rehabilitated native 

vegetation, and enhanced habitat heterogeneity. Monitoring revealed increased fish spawning, improved 

amphibian populations, greater waterbird abundance, and enhanced nutrient cycling. These projects 

highlighted the ecological importance of restoring natural hydrological connectivity. 

15.3 Hula Wetland Restoration (Israel) 

The Hula Valley was drained during the 1950s for agricultural development, causing severe ecological 

degradation, peat soil oxidation, declining bird populations, and water-quality deterioration. 

Subsequent restoration re-established portions of the wetland, restored hydrological conditions, and created 

wildlife habitats. Today, the restored Hula wetlands support hundreds of migratory bird species, including 

cranes, pelicans, and storks, while improving regional biodiversity and ecotourism. The project demonstrates 

that partial restoration can generate significant ecological and socioeconomic benefits.  
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15.4 Kushiro Marsh Restoration (Japan) 

Japan's Kushiro Marsh is the country's largest freshwater wetland. Urbanization, agricultural drainage, river 

channelization, and sediment accumulation threatened the ecological integrity of this Ramsar site.  

Restoration measures included river re-meandering, sediment management, vegetation rehabilitation, and 

hydrological restoration. Ecological monitoring documented improvements in habitat quality, aquatic 

vegetation, fish diversity, and populations of the endangered Red-crowned Crane. The project illustrates the 

value of integrating engineering with ecological restoration. 

15.5 Mangrove Restoration in Southeast Asia 

Coastal wetlands throughout Southeast Asia have experienced widespread degradation due to aquaculture, 

timber extraction, coastal development, and pollution. 

Large-scale mangrove restoration has involved planting native mangrove species, restoring tidal hydrology, 

reducing anthropogenic pressures, and engaging local communities. Restored mangroves support juvenile 

fish, crustaceans, mollusks, migratory birds, reptiles, and mammals while protecting coastlines from erosion 

and storms. These projects demonstrate that biodiversity conservation and climate adaptation can be achieved 

simultaneously. 

15.6 Chilika Lagoon (India) 

Chilika Lagoon in Odisha is Asia's largest brackish-water lagoon and a globally important wetland supporting 

rich biodiversity, fisheries, and migratory birds. During the late twentieth century, sedimentation, reduced 

seawater exchange, pollution, and invasive species caused ecological degradation. 

Restoration measures included opening a new sea mouth, improving water circulation, managing invasive 

species, conserving habitats, and involving local communities. These interventions restored salinity gradients, 

increased fish diversity, enhanced dolphin populations, improved bird habitats, and revitalized fisheries. 

Chilika has become an internationally recognized example of successful wetland restoration and adaptive 

management. 

16. Ecological and Biodiversity Impacts of Wetland Restoration 

Scientific evidence accumulated between 1947 and 2017 consistently demonstrates that wetland restoration 

contributes significantly to biodiversity conservation and ecosystem recovery. 

16.1 Improvement of Habitat Quality 

Restoration increases habitat heterogeneity by re-establishing aquatic vegetation, shallow pools, floodplains, 

riparian forests, and nesting sites. Improved habitat complexity allows species with different ecological 

requirements to coexist, thereby increasing biodiversity. 

16.2 Recovery of Native Species 

Native fish, amphibians, reptiles, birds, mammals, and aquatic invertebrates frequently recolonize restored 

wetlands once suitable environmental conditions are re-established. Species richness generally increases with 

restoration age, reflecting progressive ecological succession. 

16.3 Enhanced Ecological Connectivity 
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Hydrological restoration reconnects fragmented habitats, facilitating migration, dispersal, breeding, and gene 

flow. Improved connectivity reduces population isolation and enhances long-term species persistence. 

16.4 Increased Ecosystem Productivity 

Restored wetlands exhibit higher primary productivity, greater nutrient cycling, and more efficient energy 

transfer through food webs. Enhanced productivity supports larger populations of herbivores, predators, and 

decomposers. 

16.5 Improved Ecosystem Services 

Ecological restoration enhances multiple ecosystem services, including:  

• Water purification  

• Flood regulation  

• Groundwater recharge  

• Carbon sequestration  

• Soil stabilization  

• Fisheries production  

• Climate regulation  

• Recreational and educational opportunities  

These services generate substantial ecological, social, and economic benefits. 

16.6 Increased Ecological Resilience 

Biodiverse wetlands are generally more resilient to disturbances such as droughts, floods, invasive species, 

and climate variability. Species diversity increases functional redundancy, enabling ecosystems to recover 

more rapidly following environmental stress. 

17. Discussion and Integrated Analysis 

The scientific literature published between 1947 and 2017 demonstrates a profound transformation in wetland 

restoration philosophy. Early restoration efforts emphasized engineering solutions aimed primarily at water 

management and land reclamation. Over subsequent decades, ecological restoration evolved into a 

comprehensive discipline integrating hydrology, biodiversity conservation, ecosystem functioning, landscape 

ecology, climate science, and community participation. 

One of the most consistent findings across the reviewed studies is that hydrological restoration represents the 

foundation of successful wetland recovery. Re-establishing natural flooding regimes, groundwater recharge, 

and hydrological connectivity initiates ecological processes that facilitate vegetation succession, nutrient 

cycling, habitat formation, and wildlife recolonization. Hydrological restoration therefore influences nearly 

every component of wetland biodiversity. 

The reviewed literature also demonstrates that faunal diversity responds differently among taxonomic groups. 

Aquatic invertebrates and amphibians often recolonize restored wetlands relatively quickly because of their 

short life cycles and rapid reproductive rates. Fish populations recover when migration pathways, spawning 
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habitats, and water quality improve. Birds respond strongly to increasing habitat complexity and food 

availability, whereas large mammals generally require extensive, well -connected landscapes and longer 

recovery periods. 

Another important conclusion emerging from this review is that restoration success cannot be measured solely 

by vegetation establishment or water levels. Ecological indicators such as species richness, reproductive 

success, community composition, trophic interactions, genetic diversity, and ecosystem functioning provide 

more reliable assessments of restoration outcomes. Long-term monitoring is therefore essential because 

complete ecological recovery frequently requires several decades. 

The review also highlights the increasing importance of ecosystem services within restoration planning. 

Wetlands not only conserve biodiversity but also provide flood mitigation, water purification, carbon storage, 

fisheries production, climate regulation, and cultural benefits. Consequently, restoration generates significant 

returns for both biodiversity conservation and human well-being. 

Despite considerable progress, restoration projects continue to face numerous challenges. Climate change is 

altering hydrological regimes through changing precipitation patterns, increased temperatures, sea-level rise, 

and more frequent extreme weather events. Urbanization, agricultural intensification, pollution, and invasive 

species continue to degrade wetlands even after restoration efforts begin. Furthermore, limited funding, 

fragmented governance, insufficient long-term monitoring, and conflicting land-use priorities often constrain 

restoration effectiveness. 

The literature emphasizes that future restoration should adopt adaptive management approaches integrating 

scientific monitoring, stakeholder participation, policy support, watershed-scale planning, and climate 

resilience. Advances in remote sensing, geographic information systems, environmental DNA (eDNA), 

ecological modelling, and biodiversity monitoring are expected to substantially improve restoration planning 

and evaluation. 

Overall, evidence accumulated during the review period strongly supports wetland restoration as one of the 

most effective nature-based solutions for biodiversity conservation, climate adaptation, and sustainable 

ecosystem management. 

18. Challenges and Limitations 

Although wetland restoration has achieved notable successes, several constraints continue to limit ecological 

recovery: 

• Continued habitat loss due to urban expansion and agricultural conversion.  

• Climate change impacts on hydrology and species distributions.  

• Pollution from industrial, agricultural, and domestic sources.  

• Spread of invasive alien species.  

• Fragmented institutional responsibilities and governance.  

• Insufficient financial resources for long-term restoration.  

• Limited post-restoration ecological monitoring.  
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• Inadequate community participation in some restoration programmes.  

• Conflicts among conservation, development, and resource-use objectives.  

• Variability in restoration methodologies, making comparisons among projects difficult.  

Addressing these challenges requires coordinated policy frameworks, interdisciplinary research, sustainable 

financing, and stronger collaboration among governments, scientists, local communities, and conservation 

organizations. 

19. Future Directions 

Future wetland restoration should prioritize: 

1. Integrated watershed management to maintain natural hydrological processes.  

2. Climate-resilient restoration strategies that anticipate changing environmental conditions.  

3. Long-term biodiversity monitoring using standardized ecological indicators.  

4. Application of emerging technologies, including remote sensing, GIS, drones, ecological modelling, and 

environmental DNA.  

5. Restoration of ecological connectivity through wildlife corridors and floodplain reconnection.  

6. Greater participation of local communities and Indigenous knowledge systems  in planning and 

management.  

7. Expansion of nature-based solutions for climate mitigation, disaster risk reduction, and sustainable 

development.  

8. Strengthened legal and policy frameworks supporting wetland conservation.  

9. International collaboration for protecting transboundary wetlands and migratory species.  

10. Increased investment in ecological restoration research to improve restoration effectiveness under future 

environmental change.  

20. Conclusion 

Wetlands are among the planet's most valuable ecosystems, sustaining extraordinary levels of biodiversity 

while providing essential ecosystem services that support both nature and human societies. The historical 

review covering the period from 1947 to 2017 demonstrates a clear transition from widespread wetland 

degradation to increasing recognition of wetlands as critical components of sustainable environmental 

management. 

Scientific evidence accumulated over seven decades confirms that wetland restoration substantially improves 

habitat quality, hydrological functioning, ecological connectivity, and faunal diversity. Restoration promotes 

the recovery of fish, amphibians, reptiles, birds, mammals, and aquatic invertebrates by recreating suitable 

habitats, enhancing food resources, and restoring natural ecological processes. However, restoration success 

depends on long-term commitment, adaptive management, rigorous monitoring, and effective integration of 

ecological, social, and economic considerations. 
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The review further indicates that wetland restoration contributes not only to biodiversity conservation but also 

to climate change mitigation, flood regulation, water purification, carbon sequestration, and sustainable 

livelihoods. Consequently, wetland restoration represents one of the most promising nature-based solutions 

for addressing contemporary environmental challenges. 

Future conservation efforts should emphasize ecosystem-scale restoration, climate resilience, scientific 

innovation, stakeholder participation, and evidence-based policy implementation. By integrating ecological 

restoration with sustainable development goals, societies can ensure the long-term conservation of wetlands 

and the rich faunal diversity they support for future generations. 
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