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Abstract: Wetland biodiversity is highly sensitive to habitat modification. It is influenced by climate change, eutrophication, 

and other anthropogenic activities. In view of the vital importance of wetlands for human and wildlife, maintaining 

ecological balance and economic and developmental activities, planning and management for restoration of wetlands has 

become a matter of utmost urgency. The need of hour is to develop an integrated and accelerated effort towards 

conservation, restoration, and proper management of wetlands to stop further degradation. If not, it may result in extinction 

of species, permanent ecological damage, and loss of ecosystem services essential for the survival of mankind. Wetland 

restoration is the process of returning a destroyed, disturbed or altered wetland to its previously existing natural condition.  

For the eco-restoration of wetlands, appropriate management strategies are needed including approaches like; source 

control, in lake treatment, shoreline ecosystem management, public awareness and organizational support. A 

recommendation was made here that this plan can be used in replicable format, so that the issues and lesions can be utilized 

elsewhere for the similar restoration project, to rescue another wetland from eutrophication and extinction. 

 

Index Terms - Wetland biodiversity, Ecology, Restoration, Management 

 

Introduction: 

Wetlands are transitional zones between terrestrial and aquatic systems where the water table usually at or near the 

surface or the land is covered by shallow water. The richness and usefulness of the wetlands was first brought to the notice 

of the world by a convention on wetlands held in Ramsar (1971). Wetlands provide many services and commodities to 

humanity. Wetlands are often described as ‘kidneys of the landscape’ (Mitsch and Gosselink, 1986). 

Wetlands have been degraded and lost in ways that are not as obvious as direct physical destruction or degradation. 

Other threats include chemical contamination, excess nutrients, and sediment from air and water. On a global scale, climate 

change could also affect wetlands through increased air temperature; shifts in precipitation; increased frequency of storms, 

droughts, and floods; increased atmospheric carbon dioxide concentration; and sea level rise. 

Wetlands are under increasing stress due to the rapidly growing population, technological development, 

urbanisation, and economic growth. Additional pressures on wetlands from natural causes like subsidence, drought, erosion 

etc., and human threats coming from over exploitation, encroachment, reclamation of vast wetland areas for commercial and 

residential development have altered the rate and nature of wetland functions particularly in the last few decades. 

The current rate of wetland loss in India could lead to serious consequences as large populations are dependent on 

these wetlands (Anon, 1994). Though accurate results on wetland loss in India are not available, the Wildlife Institute of 

India conducted a survey on these aspects and revealed that 70 – 80 percent of individual freshwater marshes and lakes in 

the Gangetic flood plains have been lost in the last five decades. At present, only 50 percent of India’s wetlands remain. 

They are being lost at a rate of 2 to 3% every year. (Ramchandra et al., 1999). Almost 50% of the world’s wetlands have 

disappeared in the last century due to agriculture and urban development (Shine & Klemm, 1999). Wetlands have suffered 

environmental degradation. Degree of degradation differs depending on its location. 

 

Methodology: 

Management plan for restoration of wetlands has been prepared. The intensity of restoration techniques will depend 

on the level of disturbances to the values of the original wetland. Selecting the appropriate method of wetland restoration 

depends on project characteristics, objectives, budget, and available equipment. The restoration program should mandate all 

aspects of the ecosystems, including habitat restoration, elimination of undesirable species and restoration of native species 

from the ecosystem perspective. This often requires reconstruction of physical conditions, chemical adjustment of soil and 

water, biological manipulation, reintroduction of native flora and fauna, etc. Most wetlands have unique individual 

characteristics. Therefore, it is necessary to prepare separate management plans for individual wetland. 
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Restoration and Management plan for wetlands: 

Wetland restoration is the process of returning a destroyed, disturbed or altered wetland to its previously existing 

natural condition. An increase in the quantity and quality of wetland resources can be accomplished through restoration of 

previously filled, drained, or polluted wetlands, and creation of the wetlands in appropriate places. To successfully increase 

the acreage and function of wetlands, restoration efforts must imitate the hydrology, water quality and biota of comparable 

natural wetlands.  

The conservation and protection involve not only buffering wetlands from direct human pressures, but also 

maintaining important natural processes that operate on wetlands from outside, which may be altered by human activities. 

Management towards this end should emphasize the long-term sustainability of historical, natural wetland functions and 

values. Restoration is thus a good opportunity to manage wetlands for broad wildlife goals, as restored wetlands provide 

enhanced wildlife benefits, in addition to other benefits, concurrently. There should be an integrated and multidisciplinary 

approach to the planning, formulation, and implementation of management plan. The existing and potential effects of 

wetland activities on adjacent and other ecosystems should be considered while preparing the management plan.  

For the eco-restoration of wetlands, appropriate management strategies are needed including following approaches 

(Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Management plan for restoration of wetland 

 

 

 

Source control: 
The first step in the restoration of the wetlands is to identify the sources of pollution degrading the aquatic 

ecosystem. Point sources of pollution are domestic sewage disposal and siltation while nonpoint sources were water runoff, 

discontinuity of drainage network and unregulated land use have led to the problem of pollution, eutrophication, invasion, 

toxic contamination by heavy metals and organic compounds, and decrease in surface area due to artificial island formation. 

Small nalas brings untreated sewage and solid wastes from residential area are responsible for pollution.  

Improved natural resource management; control of urban proliferations along the lakes; overexploitation of wetland 

resources by stakeholders or users having easy access (i.e., overgrazing, overfishing, waste disposal, nutrient enrichment, 

and excess anthropogenic pressure) should be taken care of.  Different facets to ecotourism and their bearing on 

environment should be considered. The goal of source control is to close substance cycles to prevent pollution. 

Source control approach to wetland management is needed to address the water quality problems from point and 

nonpoint sources as well as degradation. Effluents should be treated to acceptable level and standards before discharging 

them into lakes. Minimum flow should be ensured in the lake for maintaining ecology.  

The rules and guidelines requiring permits and approvals controlling all activities that are envisaged to be 

undertaken in the lake and wetlands should be published and displayed for public interest. Principle of pollution taxes and 

fees should be followed for management of polluted waters. 
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In-lake treatment: 
Continuous integrated monitoring is needed through in-lake treatment for maintaining the ecosystem health, aquatic 

domains, and their biota. Concerted efforts should be made to ensure that potential of wetland resources is fully utilized. For 

this purpose, the in-lake treatment approach should be adopted. More importantly, wetlands should be composed of 

irregular shorelines and gradual or soft side slopes to ensure wildlife use, peripheral vegetation establishment, and to 

provide a natural appeal. 

Issues related to in lake treatment are increasing water runoff, contributing increased levels of sediment, nutrients, 

and pollutants, increasing stream turbidity which can reduce the light and oxygen necessary for plant and animal life, 

disconnecting the stream flows, decrease stream habitat function and diversity, warming stream temperatures and non 

maintenance of stream boulders and riffles.  

This approach emphasizes all aspects of water quality, including chemical water quality (e.g., effluents and 

conventional pollutants), physical water quality (e.g., temperature, flow, and circulation), habitat quality (e.g., stream 

channel morphology, substrate composition) and biological health and biodiversity (e.g., species abundance, diversity, 

distribution, and range), re-profiling banks, dredging, silt traps, recreate meanders, pools, riffles, shallows, islands etc. 

To upgrade the water quality, it should be monitored and managed periodically. Water quality must remain in the 

range that maintains the biological, physical, and chemical integrity of the system and benefits survival, growth, 

reproduction, and migration of individuals composing aquatic and riparian communities. Moreover, the untreated sewage 

from surrounding area shall be channelized in such a way that it should not enter lake directly. Monitoring programs is part 

of the management activities that is undertaken to ensure a fair assessment of the wetland functions in relation to its 

ecological and management requirements as well as confirming the water quality status of the lake. The monitoring data is 

also important for management decisions and for future development program. 

Adequate water supply system is essential for meeting management objectives. With the monsoon runoff, the lake 

receives large quantities of freshwater. This helps in diluting the concentration of nutrients and stabilizing the lake 

ecosystem. To decelerate erosion and siltation, afforestation can be undertaken in the catchment area. Periodical removal of 

mud can avoid shallowing of lake. To maintain the sufficient stream flow, the encroachments along the shorelines should be 

banned which is needed to create and sustain riparian, aquatic, and wetland habitats and to retain patterns of sediment, 

nutrient, and wood routing. 

 

Shore Line ecosystem management: 
Shoreline ecosystems are diverse, dynamic, fragile, and sensitive environments. Protection and management of these 

areas is important to the preservation of ecological functions and values of our natural environment, as well as the 

protection of the public health, safety, and welfare of our community. Shoreline functions provide a wide variety of physical 

and biological functions and perform processes related to fish and wildlife habitat, biological diversity, recreation, flood 

control, economic resources, aesthetic enjoyment, and so on. Each function is a product of the environmental structure and 

processes at work within the overall landscape. Unregulated or inappropriate development on or near shorelines can result 

in impacts that threaten the public welfare and shoreline resources, including pollution, erosion and sedimentation, habitat 

loss. Common development impacts are result in removal of native shoreline vegetation, introduction of dissolved nutrients 

and pollutants. 

Aquatic vegetation can help stabilize shorelines, improve water quality (i.e., increasing dissolved oxygen content), 

enhance habitat, and can buffer excessive nutrients and phosphorous. Habitat functions provided by lake spawning, 

breeding, rearing and foraging areas for fish, amphibians, waterfowl, and other wildlife. Shallow, sheltered shoreline areas 

and riparian vegetation such as trees, shrubs, grasses, and other plants along a lake shore are important for fish and wildlife 

habitat. They can provide multiple benefits, including shade and water temperature stability, shoreline bank stabilization, a 

source of insects for foraging wildlife, protective cover from overhanging branches and leaves, under water cover from 

submerged vegetation.  

Shoreline management plan should include land use planning, economic evaluation of management alternatives, 

understanding of natural processes and assessment of environmental impacts with the objectives to manage littoral zone, to 

understand local conditions, not to permit new development that is susceptible to cause hazards, unless the hazards have 

been overcome, to undertake the development in environmentally sound manner, to promote sustainable development of 

shoreline, develop a system for evaluation, assessment and monitoring. 

Effective shoreline management requires a combination of experience, with a strong knowledge of the physical 

processes, ecological issues, recreational aspects, and economic constraints. Shoreline recreation and development can 

damage habitat, erode shorelines, and reduce aesthetic values. Balancing ecological and recreational value is a major goal of 

lakeshore restoration. Seeking creative ways to achieve this balance requires a comprehensive site assessment, proper 

design, and a commitment to long-term care of the restored site. 

Reestablishing a buffer of native vegetation along the lakeshore is the ultimate measure of shoreline restoration 

success. However, care and caution must be exercised before implementing phytoremediation techniques, particularly on 

large lakes. An ecologically sound approach to be practiced with the help of shoreline treatment by using aquatic 

macrophytes i.e., use of vegetated swales for contaminate filtration before runoff enters into the lake is suggested. 

To implement land use planning and management systems, the components should be considered in shoreline 

management are (Figure 2): 

 Shoreline area shall be banned for any kind of human interference. Leaving enough shore space can protect the 

wetlands in urban and suburban areas. This buffer area can be vegetated, which will enhance the productivity of 

wetland. The edges of wetlands need to be fenced. 

 Invasive and exotic species shall be removed periodically. Vegetation associated with sewage inflow (e.g., water 

hyacinth), should be continuously removed till effluents inflows are controlled. All kind of introduction of exotic 

species and quarantine measures to be done in consultation with the concerned authorities and experts. As there is 

prolific growth of Ipomoea carnea, it has to be harvested periodically to remove this biomass from the lake system. 

The remaining is allowed to grow till the next harvest. Controlled grazing by cattle should be allowed to keep check 
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on macrophytes. 

 Additional vegetation planting may be required to replace damaged plants. More suitable varieties can be planted. 

Maintenance is needed to control the spread of undesired plant species. Inlets can be planted with suitable 

macrophyte species which will act as biological filters. Periodical observation and maintenance are needed. 

 Eco-friendly and cost-effective technologies such as phytoremediation, bio-manipulation etc could be considered by 

taking care of land constrains. Selective native macrophyte can be planted along the shoreline to provide breeding 

and nesting sites for birds. Research should go beyond the removal of nuisance macrophytes to address the 

restoration of native species that essential for bird and fish habitat. Some macrophytes are suggested for the removal 

of heavy metal (Table 1), (Prabhat Kumar, 2009).  

 For biological monitoring, the distribution and composition of macrophytes have to note down at all times. High 

level of nutrients accelerates the plant growth. Phytophil technology (Rakeshkumar et al., 2005) is an effective 

option for on-site wastewater treatment at inlet and shoreline when properly designed, installed and maintained. 

Water level shall be maintained and managed. 

 For the recreational activities like boating, fishing, a particular range/zone of lake shall be demarked. 

 Island inside the lake should be banned for human interference. 

 The wetland development plan shall be modified from natural restoration point of view rather than aesthetic 

viewpoint.  

 

Once the water quality is improved, certain freshwater fishes like Chanda (Chanda nama), Mourala 

(Amblypharyngodon mala) and the Punti (Puntius sophore) that are sensitive to environmental quality shall be introduced. 

The survival and growth of these species are positive indicators of improvement in water quality. This activity is to be taken 

up only after completing the previous measures. Indirectly the increase in bird life would also contribute to the removal of 

aquatic organisms, aquatic vegetation and fishes from the lake water thus facilitating the removal of nutrients from the lake 

to some extent.  

The advantages of this system include flow control, water quality improvement, landscape enhancement and passive 

recreation and provision of wildlife habitat. This is an effective option for on-site wastewater treatment which is potentially 

good and low-cost technology. 

 

Table 1: List of macrophytes suggested for removal of heavy metal 

 

Macrophytes Heavy metals 

Ageratum conyzoides As 

Alternanthera philoxeriodes Cu 

Alternanthera sessilis  Cu, Cr, Fe, Mn, Cd, Pb  

Azolla pinnata  Fe, Cu 

Bacopa monnieri Cu, Cr, Fe, Mn, Cd, Pb  

Blumea lacera As 

Ceratophyllum demersum Cu, Cr, Fe, Mn, Cd, Pb  

Chara coralline Cu, Cr, Fe, Mn, Cd, Pb  

Colocasia esculenta Hg 

Cyperus alopecuroides  Mn, Fe, Zn, K, Ca, Cu, Mg, Cr, Ni, Na 

Echinochloa crusgalli Ag 

Eichhornia crassipes  As, Cd, Cr, Cu, Ni, Se, Pb 

Hydrilla verticillata Cr, Mn, Fe, Zn, K, Ca, Cu, Mg, Cr, Ni, Na  

Hydrodictyon reticulatum    Cu, Cr, Fe, Mn, Cd, Pb  

Ipomoea aquatica Hg, Mn, Fe, Zn, K, Ca, Cu, Mg, Cr, Ni, Na  

Lemna minor Cd, Ni, Cu, Zn, Pb, Fe, Cu 

Ludwigia stolonifera Ca, Mg, K, Na 

Ludwigina palustris Fe, Zn, Cu, Hg  

Mentha aquatica  Fe, Zn, Cu, Hg  

Monochoria vaginalis Cd, Pb 

Myriophyllum aquaticum  Fe, Zn, Cu, Hg, Cd 

Myriophyllum spicatum Mn, Ni, Cu, Pb, Cd 

Myriophyllum verticillatum  As, 

Nelumbo nucifera Cd 

Nymphaea alba  Cr 

Ottelia alismoides Cu 

Paspalidium punctatum  Mn, Fe, Zn, K, Ca, Cu, Mg, Cr, Ni, Na  
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Paspalum distichum   Mn, Fe, Zn, K, Ca, Cu, Mg, Cr, Ni, Na 

Phragmites communis  Mn, Ni, Cu, Pb, Cd 

Phragmites vallatoria  Pb 

Pistia stratiotes Cd, Ni, Cu, Zn, Pb 

Potamogeton lucens Cr, Ni, Cu, Zn, Cd, Pb 

Potamogeton natans Mn, Ni, Cu, Pb, Cd 

Potamogeton pectinatus Pb 

Potamogeton perfoliatus As 

Sagittiaria sagittifolia Ag 

Salvinia auriculata Pb 

Salvinia herzegoii  Cd 

Scirpus tabernaemontani  Hg 

Scirpus validus Cu, Pb, Zn, Cd 

Spirodela intermedia Cd, Ni, Cu, Zn, Pb, Fe, Mn, Cr  

Spirodela polyrhiza  Zn, Pb, Ni, Cr, As, Cu, Cr, Fe, Mn, Cd, Pb  

Trapa longicarpa  Mn, Ni, Cu, Pb, and Cd 

Typha angustifolia  Zn, Cd, Pb 

Vallisneria spiralis Cu, Cr, Fe, Mn, Cd, Pb, Hg 

Wolffia globosa   Cd, Cr 

 

 
 

Figure 2: Management plan for restoration of wetlands 

 

Public awareness:  

It is necessary to create awareness regarding importance of wetlands as well as the potential problem which could 

lead to the degradation of wetlands. The local people should be educated through various media like booklets, audio-video 

documentaries, lectures, slide show, campaigning, banners, news paper, exhibitions, posters, postal stamps, stickers etc. It 

should involve all relevant sectors of society and scientific disciplines, expanded community awareness program, student 

participation, improved governance framework; capacity building in policy formulation; adoption of regulations at 

international levels, involvement of academicians and researchers. 

  The people should be aware of importance of wetland and their resources for the livelihood, as they will be directly 

affected by the deterioration and degradation of wetland.  

 

Organizational support:  

Management of the wetlands for diverse use should incorporate a participatory approach; by involving not only the 

various governmental agencies but also users and stakeholders, in an effective and decisive manner, in various aspects of 

planning, design, development and management of the wetland resources. Wise use of wetland resources requires stronger 

institutional integration and new institutional mechanisms to overcome a long history of degradation and loss of their 

natural assets. Necessary legal and institutional changes should be made at various levels. The local bodies such as 

municipalities should particularly be involved in the operation, maintenance, and management of wetlands. 

Private sector participation should be encouraged in building, owing, operating, leasing, and transforming of 

wetland resources facilities. They may help in introducing innovative ideas, generating financial supports, improving 

service efficiency and accountability to users. Restoration of the wetland can achieve effectively by involving various 

governmental agencies and non-governmental organizations (NGO).  
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This is an attempt to comprehensively address all the issues involved and create a framework to implement the 

management plan and restore A recommendation is made here that this plan can be used in replicable format, so that the 

issues and lesions can be utilized elsewhere for the similar restoration project, to rescue another wetland from 

eutrophication and extinction. 

 

 

 

Conclusion: 

One of the most effective ways to offset wetland loss is through restoration. The restoration program should 

mandate all aspects of the ecosystems, including habitat restoration, elimination of undesirable species and restoration of 

native species from the ecosystem perspective. This often requires reconstruction of physical conditions, chemical 

adjustment of soil and water, biological manipulation, reintroduction of native flora and fauna, etc. 

The existing and potential effects of wetland activities on adjacent and other ecosystems should be considered while 

preparing the management plan. For the eco-restoration of wetlands, appropriate management strategies are needed 

including approaches like; source control, in lake treatment, shoreline ecosystem management, public awareness and 

organizational support. A recommendation was made here that this plan can be used in replicable format, so that the issues 

and lesions can be utilized elsewhere for the similar restoration project, to rescue another wetland from eutrophication and 

extinction.  

The management plan for restoration of wetland provides a methodological framework and is supported by 

principles which are highly relevant to the challenges of wetland management in today’s changing world. Its application 

offers the possibility of balancing biodiversity conservation and sustainable use putting human perspective at the center of 

the process. Its implementation can be facilitated through scientific, management and societal actions. There is need to raise 

awareness about restoration of wetlands as they were essential to the survival of the human communities. 
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