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Introduction to Wetlands



What is a Wetland?

• Wetlands are transitional ecosystems situated 
between terrestrial and aquatic biomes.

• The Three Pillars: Definition is legally and 
scientifically bound by Hydrology (inundation), 
Hydric Soils (anaerobic), and Hydrophytic 
Vegetation (adapted plants).

• They arise when inundation by water produces 
soils dominated by anaerobic (reducing) 
processes.

• Once dismissed as "wastelands," they are now 
recognised as critical "watershed 
infrastructure".



Classification Systems (The Cowardin 
Framework)
• Developed for the U.S. Fish and Wildlife 

Service; uses a hierarchical approach 
based on ecological and hydrological 
traits.

• Marine: Open ocean and exposed 
coastlines.

• Estuarine: Semi-enclosed coastal waters 
where ocean water meets freshwater.

• Riverine, Lacustrine, and Palustrine:
Channels, lakes (>2m deep), and inland 
marshes/bogs respectively.



Classification Systems (The Ramsar 
Framework)
• Recognises 42 wetland types grouped into three broad categories: 

Marine/Coastal, Inland, and Human-made.

• Human-made wetlands: Includes rice paddies, aquaculture ponds, 
and wastewater treatment wetlands.

• Significance: Acknowledges that anthropogenic systems can provide 
vital ecosystem services, such as habitat for migratory birds.



Human-made wetlands



Major Wetland Types and Characteristics



Major Wetland Types and 
Characteristics
• Marshes and Swamps: Dominated by herbaceous 

plants and trees respectively, rooted in mineral 
hydric soils.

• Bogs and Fens: Peat-accumulating wetlands; bogs 
are acidic and ombrotrophic (rain-fed), while fens 
are minero-trophic (groundwater-fed).

• Shallow Water: Littoral zones of lakes or prairie 
potholes covered by at least 25 cm of water.



Global 
Distribution 
and Major 
Wetlands



Wetland Ecology
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Global Taxonomic 
Dominance and 
Richness





Hydrology – The Master Variable

• Hydrology acts as the primary constraint, 
determining soil saturation and nutrient 
availability.

• Hydroperiod: The seasonal pattern of water 
table depth and surface inundation over time.

• Hydropattern: The unique water-level time 
series that sets the template for soil 
development and vegetation.

• Minor fluctuations in the water table can shift 
soils between anaerobic and aerobic states, 
driving rapid biochemical transitions.



Biogeochemical Adaptations
• Waterlogged soils inhibit oxygen diffusion, creating a reducing 

environment.

• Biota must adapt: Hydrophytic plants develop aerenchyma (air-
filled tissue) to transport oxygen to roots.

• Microbial communities facilitate essential transformations like 
denitrification and methanogenesis.



Ecological Dynamics – Succession and 
Equilibrium
• Primary Succession: Starts in open water and can take thousands of 

years to reach a stable "reference community".



• Secondary Succession: A series of changes that occur to an already 
existing ecosystem after a disturbance.



• Ecological Equilibrium: A state where ecosystem components interact to 
maintain structure and function despite pressure.

• Wetlands are dynamic; they are constantly being destroyed and created by 
river dynamics, sea-level rise, and climate change.
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The Concept of Ecological Thresholds

• Thresholds: Boundaries in space and time between two ecological 
"states".

• Crossing a threshold (e.g., via excessive nutrient loading) causes 
positive feedbacks to take over, making degradation difficult to 
reverse.

• Systems may shift 
between alternative 
stable states, requiring 
significant human 
intervention to restore.





Global Ecological Examples

• Boreal Peatlands: Characterised by Sphagnum mosses 
acting as "ecosystem engineers" to acidify the 
environment.

• Inland Arid Playas: Ephemeral systems that 
provide critical stopover habitat for migratory 
species.

• Inland Arid Playas: Ephemeral systems that provide 
critical stopover habitat for migratory species.



Case Study – The Everglades, 
USA

• Ecological Context: An oligotrophic (low-
nutrient) fresh-water marshland defined by 
limited phosphorus and decadal fire cycles.

• Ecological Mosaic: Historical self-regulation 
resulted in a complex mosaic of open water, 
wet peatlands, and sawgrass marshes.

• Tipping Points: Altered hydrology (canals) and 
nutrient inputs have pushed the system across 
thresholds, leading to the spread of invasive 
trees (Melaleuca).

• Lesson: Successional trajectories are dictated 
by the balance of flooding, fire, and fertility.
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Richardson (2010)

• Synthesized long-term ecological data on hydrology, nutrient cycling, 
vegetation succession, and disturbance regimes.

• He analyzed historical changes in the Everglades, focusing on how 
human interventions (canals, dikes, agriculture) disrupted natural 
processes.

• Documented case studies of invasive species spread (like Melaleuca) 
and shifts in vegetation composition (sawgrass to cattail).

• Framed the Everglades as a model system for understanding wetland 
resilience, thresholds, and successional dynamics under disturbance.

Link: http://doi.org/10.1007/s11273-009-9156-4
OR 

https://www.researchgate.net/profile/Curtis-
Richardson/publication/226981928_The_Everglades_North_America%27s_subtropical_wetlan
d/links/553132270cf20ea0a071a39a/The-Everglades-North-Americas-subtropical-wetland.pdf 
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Hydrological Regulation – Landscape 
Buffer
• Wetlands act as capacitors, intercepting surface runoff 

and storing excess water after intense rainfalls.

• Flood Attenuation: They reduce peak downstream 
flows and stabilise water movement.

• Groundwater Recharge: The slow infiltration through 
wetland soils feeds underground aquifers.



Biogeochemical Functions – 
"Nature’s Kidneys"

• Wetlands remove, transform, and store 
materials as water moves through them.

• Water Purification: Sediment Settling and 
physical filtration by plant debris remove 
pollutants.

• Nitrogen Removal: Coupled nitrification-
denitrification converts bioavailable nitrogen 
into harmless N₂ gas.



The Global Carbon Sink

• Wetlands cover only 6% of Earth's surface but 
store a disproportionate share of global soil 
carbon.

• Peatlands: Store twice as much carbon as all 
the world's forests combined.

• Blue Carbon: Coastal wetlands (mangroves/salt 
marshes) bury carbon in anoxic sediments at 
much higher rates per hectare than terrestrial 
habitats.



Biological and Socio-economic 
Values
• Nurseries of Life: Support complex food webs 

and provide breeding grounds for 75% of 
commercial fisheries in some regions.

• Livelihoods: Millions depend on wetlands for 
food (fish, rice), raw materials (timber, mats), and 
tourism.

• Biodiversity Refuge: Critical habitat for migratory 
birds and many threatened/endangered species.



Case Study (Functions) – East 
Kolkata Wetlands (EKW), India
• Overview: A 12,500ha Ramsar site comprising 

fish farms, agriculture, and settlements.

• Natural Wastewater Treatment: Naturally treats 
900 MLD of city sewage, saving Kolkata Rs. 4,680 
million annually in treatment costs.

• Nutrient Reuse: Sewage-fed ponds produce 
20,000 MT of fish and 50,000 MT of vegetables 
annually.

• Climate Role: Locks in over 60% of carbon from 
wastewater, significantly reducing regional 
greenhouse gas emissions.

This Photo by Unknown Author is licensed under CC BY

https://www.flickr.com/photos/digitaljourney/5918239310/
https://creativecommons.org/licenses/by/3.0/


Wetland Management and Conservation



Principles of "Wise Use"

• Defined by the Ramsar Convention as the "maintenance of ecological 
character, achieved through ecosystem approaches, within the 
context of sustainable development".

• Recognises that wetlands should continue to support human uses but 
only within limits that preserve their ecological function.



Integrated Watershed 
Management (IWM)

• Traditional water management focuses 
on single engineering solutions; IWM 
treats the river basin as the natural 
spatial unit.

• Recognises that upstream activities 
(e.g., deforestation) directly impact 
downstream wetland health and 
hydrological connectivity.

• Coordinates land use, water resources, 
and biodiversity conservation across 
administrative boundaries.



The Adaptive Management Cycle

• Effective management follows 
the "Plan - Action - Monitor - 
Review" cycle.

• Steps: 
• (1) Description of ecological 

character

• (2) Evaluation of priority features

• (3) Setting clear objectives

• (4) Specific management actions

• (5) Monitoring for effectiveness.

Plan

Action

Monitor

Review



Nature-Based Solutions 
(NbS)
• Management increasingly uses 

wetlands as NbS for climate change 
mitigation and disaster risk reduction.

• Example: Restoring tidal hydrology in 
mangroves rather than relying solely 
on engineered sea walls.

• Coastal wetlands provide protection 
from storm waves and reduce erosion 
during hurricanes.



Management Techniques and 
Buffer Zones
• Buffer Zones: Critical zones (15m to 300m+) 

required to protect wetlands from nutrient 
runoff, pesticide drift, and physical 
encroachment.

• Hydrological Restoration: Re-establishing river-
to-basin connectivity to reactivate microbial 
nutrient removal pathways.

• Invasive Control: Active management required 
to prevent systems from shifting to degraded 
alternative stable states.



Governance – Global Laws and Conflicts

• Ramsar Convention (1971): The primary international treaty for 
wetland conservation.

• U.S. Clean Water Act (CWA): Recently impacted by the Sackett v. EPA 
Supreme Court decision, which narrowed the definition of protected 
"Waters of the United States".

• India's Wetland Rules (2017): Established the "zone of influence" and 
mandated the creation of State Wetland Authorities for decentralized 
governance.



The "3Rs" and Stakeholder Engagement

• Success depends on participatory processes involving local and 
indigenous communities.

• Governance frameworks must navigate the "3Rs": Identifying Rights, 
Risks, and Responsibilities of all stakeholders.

• Integration of multiple values across governmental sectors 
(agriculture, urban development) is vital.



Conclusion

• Wetland management is an iterative 
process requiring an understanding of 

ecological thresholds.

• Current loss rates are accelerating, making 
the Implementation of "wise use" more 

urgent than ever.

• Future restoration must be guided by 
indicators that evaluate interactions 

between organisms and their abiotic 
template.
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