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Ecology as an Interdisciplinary Science, Origin of Life and Speciation, Human 

Ecology and Settlement 

Introduction 

Environmental biology, with ecology at its core, unravels the intricate relationships between organisms 

and their environments, providing a foundation for addressing global challenges like biodiversity loss, 

climate change, and urbanization. Ecology as an Interdisciplinary Science, Origin of Life and 

Speciation, Human Ecology and Settlement explores ecology’s integration with multiple disciplines, 

the processes leading to life’s origin and species diversification, and the ecological dynamics of human 

populations and settlements. This part covers ecology’s interdisciplinary nature (links with biology, 

chemistry, sociology), origin of life (theories, chemical evolution), speciation (mechanisms, patterns), 

and human ecology (settlement patterns, urban impacts), with applications in conservation, urban 

planning, and sustainability. Frequently tested in exams, topics include ecological principles, speciation 

processes, and urbanization’s environmental effects.  

1. Overview of Ecology, Origin of Life, Speciation, and Human Ecology 

1.1 Definition and Importance 

Ecology is the study of interactions between organisms and their environment, integrating disciplines 

like biology, chemistry, physics, and sociology. The origin of life examines how life emerged from non-

living matter through chemical evolution. Speciation is the process by which new species form, driving 

biodiversity. Human ecology studies human-environment interactions, focusing on settlement patterns 

and their ecological impacts. 

• Key Concepts: 

o Ecology: Interdisciplinary, studies biotic/abiotic interactions (e.g., Himalayan ecosystems). 

o Origin of Life: Chemical evolution, abiogenesis (e.g., primordial soup theory). 

o Speciation: Allopatric, sympatric mechanisms (e.g., Western Ghats endemics). 

o Human Ecology: Urbanization, resource use (e.g., Delhi’s 20 million population). 

• Functions in Environmental Systems: 

o Ecosystems: Ecology explains food webs, nutrient cycles (e.g., Ganga basin). 

o Biodiversity: Speciation drives species richness (~10% global species in India). 

o Human Systems: Settlements impact ecosystems (e.g., Mumbai’s mangrove loss). 

• Significance in Environmental Science: 

o Guides conservation (e.g., Western Ghats hotspots). 

o Informs urban planning (e.g., Smart Cities Mission). 

o Addresses sustainability (e.g., MoEFCC policies). 

• Indian Context: 

o Ecology: Himalayan biodiversity (~8,000 species). 

o Speciation: Western Ghats endemics (~30% flora unique). 

o Human Ecology: Delhi’s urban sprawl (~1,500 km²). 

o Policy: National Biodiversity Action Plan, Smart Cities Mission. 
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1.2 Historical Perspectives 

• Ancient India: Vedic texts described ecological balance; Arthashastra noted resource management. 

• Global Milestones: 

o 1866: Ernst Haeckel coined “ecology.” 

o 1859: Charles Darwin’s On the Origin of Species outlined speciation. 

o 1927: Oparin-Haldane proposed chemical evolution for life’s origin. 

o 1960s: Human ecology emerged with urbanization studies. 

• Modern Era: 

o India’s NBRI, WII study ecology, biodiversity (2025). 

o Global frameworks (e.g., CBD, 2023) address speciation, urbanization as of 2025. 

1.3 Scope of Ecology, Origin of Life, Speciation, and Human Ecology 

• Ecology: Integrates sciences for ecosystem management. 

• Origin of Life: Explains life’s chemical basis. 

• Speciation: Drives biodiversity, conservation. 

• Human Ecology: Shapes sustainable settlements. 

• Indian Context: 

o Ecology: Sundarbans’ mangrove ecosystems. 

o Speciation: Nilgiri tahr in Western Ghats. 

o Human Ecology: Mumbai’s slum ecology. 

o Policy: MoEFCC, ICAR promote biodiversity, urban planning. 

Table 1: Scope of Ecology, Origin of Life, Speciation, and Human Ecology 

Concept Focus Role Indian Example 

Ecology Organism-environment Ecosystem management Himalayan biodiversity 

Origin of Life Chemical evolution Life’s basis Primordial studies 

Speciation Species formation Biodiversity Western Ghats endemics 

Human Ecology Human-environment Sustainable settlements Delhi urbanization 

Applications Conservation, planning Sustainability MoEFCC, Smart Cities 

2.  Ecology as an Interdisciplinary Science 

2.1 Definition and Principles 

Ecology studies interactions between organisms (biotic) and their environment (abiotic), 

integrating multiple disciplines to understand ecosystems. 

• Disciplines Integrated: 

o Biology: Species interactions (e.g., predation in Sundarbans). 

o Chemistry: Nutrient cycles (e.g., Ganga N ~50 mg/L). 

o Physics: Energy flow (e.g., solar input in forests). 

o Sociology: Human impacts (e.g., Delhi urbanization). 

o Geography: Spatial patterns (e.g., Himalayan biomes). 

• Principles: 

o Interdependence: Organisms rely on environment (e.g., mangroves stabilize coasts). 

o Energy Flow: Trophic levels (e.g., 10% energy transfer). 

o Nutrient Cycling: C, N, P cycles (e.g., Ganga basin). 

• Environmental Role: 

o Explains ecosystem dynamics (e.g., Western Ghats biodiversity). 

o Guides conservation (e.g., 10% India’s land protected). 
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• Examples: 

o Global: Amazon food webs. 

o India: Corbett National Park’s tiger-prey dynamics. 

2.2 Environmental Impact 

• Ecosystem Health: Balances biodiversity (e.g., ~8,000 species in Himalayas). 

• Pollution: Human impacts disrupt ecology (e.g., Ganga BOD ~30 mg/L). 

• Climate: Regulates CO₂ (~410 ppm, Part 11). 

• Indian Context: 

o Biodiversity: Western Ghats’ 30% endemic flora. 

o Urbanization: Delhi’s green cover loss (~20% since 2000). 

o Mitigation: National Biodiversity Action Plan, afforestation. 

2.3 Applications 

• Conservation: Protects ecosystems (e.g., Sundarbans mangroves). 

• Resource Management: Sustainable agriculture (e.g., Punjab). 

• Policy Development: MoEFCC’s eco-restoration plans. 

• Indian Context: 

o Conservation: 104 national parks, 566 sanctuaries. 

o Policy: Wildlife Protection Act, 1972. 

2.4 Numerical Example 

• Problem: Calculate energy transfer from producers (10,000 kJ) to primary consumers (10% 

efficiency). 

• Solution: 

o Energy = 10,000 × 0.1 = 1,000 kJ. 

• Relevance: Tests ecological energy flow, linked to trophic levels. 

2.5 Indian Case Study: Himalayan Ecology 

• Context: Himalayas host ~8,000 species, unique ecosystems (WII, 2025). 

• Application: 

o Ecology: Integrates biology (species), chemistry (nutrients), geography (altitudes). 

o Impact: Supports biodiversity, regulates climate. 

• Impact: 

o Ecosystem: 10% species endemic. 

o Threats: Deforestation (~1% forest loss/year). 

• Mitigation: National Mission for Sustaining Himalayan Ecosystem. 

3. Origin of Life 

3.1 Definition and Theories 

The origin of life examines how life emerged from non-living matter through chemical evolution ~3.5–4 

billion years ago. 

• Theories: 

o Primordial Soup (Oparin-Haldane): Organic molecules formed in reducing atmosphere (CH₄, 

NH₃, H₂O). 

o Miller-Urey Experiment (1953): Synthesized amino acids under primordial conditions. 

o Deep-Sea Vents: Hydrothermal vents provided energy, minerals. 

o Panspermia: Life from extraterrestrial sources. 

ToppersNotes / 9828-286-909 3



  
  

 
 

• Chemical Evolution: 

o Monomers (amino acids) → Polymers (proteins) → Self-replicating molecules (RNA). 

• Environmental Role: 

o Explains life’s chemical basis (e.g., RNA world hypothesis). 

• Examples: 

o Global: Early Earth’s amino acid formation. 

o India: Astrobiology research at ISRO. 

3.2 Environmental Impact 

• Biodiversity: Origin led to species diversity (~1.8 million species globally). 

• Ecosystems: Established cycles (e.g., C, N). 

• Science: Guides astrobiology, evolution studies. 

• Indian Context: 

o Research: IISc studies chemical evolution. 

o Fossils: Cambrian fossils in Himalayas (~540 Mya). 

o Mitigation: ISRO’s astrobiology programs. 

3.3 Applications 

• Astrobiology: Searches for extraterrestrial life (e.g., Mars missions). 

• Biotechnology: Mimics early chemistry (e.g., synthetic biology). 

• Education: Informs evolutionary biology (e.g., NCERT). 

• Indian Context: 

o Research: ISRO’s Chandrayaan missions. 

o Policy: DST supports astrobiology. 

3.4 Numerical Example 

• Problem: Calculate amino acid yield if 1 mol CH₄ produces 0.1 mol glycine (molar mass glycine = 75 

g/mol). 

• Solution: 

o Mass = 0.1 × 75 = 7.5 g. 

• Relevance: Tests chemical evolution, linked to origin of life. 

3.5 Indian Case Study: Himalayan Fossil Studies 

• Context: Himalayan Cambrian fossils (~540 Mya) reveal early life (WII, 2025). 

• Application: 

o Origin: Chemical evolution led to early organisms. 

o Impact: Informs biodiversity origins. 

• Impact: 

o Science: Supports evolutionary theories. 

o Education: NCERT curriculum. 

• Mitigation: WII’s fossil conservation. 

4. Speciation 

4.1 Definition and Mechanisms 

Speciation is the evolutionary process by which new species form through genetic divergence. 

• Mechanisms: 

o Allopatric: Geographic isolation (e.g., Western Ghats endemics). 

o Sympatric: Reproductive isolation in same area (e.g., polyploidy in plants). 

o Parapatric: Partial isolation (e.g., hybrid zones). 
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• Processes: 
o Mutation: Genetic changes (~0.1% mutation rate). 

o Natural Selection: Survival of fittest (e.g., Darwin’s finches). 

o Genetic Drift: Random allele changes. 

• Environmental Role: 
o Drives biodiversity (~1.8 million species globally). 

• Examples: 
o Global: Galápagos finches. 

o India: Nilgiri tahr (Western Ghats). 

4.2 Environmental Impact 

• Biodiversity: Increases species richness (~30% endemic flora in Western Ghats). 

• Ecosystems: Enhances resilience (e.g., Sundarbans). 

• Conservation: Protects endemics (e.g., 10% India’s species threatened). 

• Indian Context: 
o Endemics: ~1,500 endemic plants in Himalayas. 
o Threats: Habitat loss (~20% forest cover lost since 2000). 

o Mitigation: National Biodiversity Action Plan. 

4.3 Applications 

• Conservation: Protects endemics (e.g., Western Ghats hotspots). 

• Agriculture: Develops resistant crops (e.g., hybrid rice). 

• Research: Evolutionary studies (e.g., WII). 

• Indian Context: 
o Conservation: 18 biosphere reserves. 

o Policy: Biodiversity Act, 2002. 

4.4 Numerical Example 

• Problem: Calculate species diversity (Shannon Index, H) for 3 species with proportions 0.5, 0.3, 0.2. 

• Solution: 
o H = -Σ(p_i ln p_i) = -[(0.5 ln 0.5) + (0.3 ln 0.3) + (0.2 ln 0.2)] ≈ 1.03. 

• Relevance: Tests diversity, linked to speciation. 

4.5 Indian Case Study: Western Ghats Speciation 

• Context: Western Ghats host ~30% endemic species (WII, 2025). 

• Application: 
o Speciation: Allopatric isolation (e.g., Nilgiri tahr). 

o Impact: High biodiversity (~5,000 plant species). 

• Impact: 
o Conservation: UNESCO World Heritage Site. 

o Threats: Deforestation (~1% loss/year). 

• Mitigation: Western Ghats Ecology Expert Panel. 

5. Human Ecology and Settlement 

5.1 Definition and Concepts 

Human ecology studies human interactions with environments, focusing on settlement patterns, 
resource use, and ecological impacts. 

• Concepts: 

o Settlements: Rural (e.g., villages), urban (e.g., Delhi). 

o Resource Use: Water, energy (e.g., India’s 1,500 TWh/year energy). 

o Impacts: Deforestation, pollution (e.g., Delhi PM2.5 ~100 µg/m³). 
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• Patterns: 

o Urbanization: 35% India urbanized (2021 Census). 

o Slums: 65 million in Indian slums (UN-Habitat, 2025). 

• Environmental Role: 

o Shapes ecosystems (e.g., Mumbai’s mangrove loss). 

• Examples: 

o Global: Tokyo’s urban sprawl. 

o India: Delhi’s 20 million population. 

5.2 Environmental Impact 

• Pollution: Urban PM2.5, CO₂ (~2.6 Gt/year in India). 

• Habitat Loss: 20% forest cover lost since 2000. 

• Resources: Water stress (600 million affected in India). 

• Indian Context: 

o Urban: Delhi’s AQI ~300. 

o Rural: Deforestation in Northeast. 

o Mitigation: Smart Cities Mission, Swachh Bharat. 

5.3 Applications 

• Urban Planning: Sustainable cities (e.g., AMRUT). 

• Conservation: Urban green spaces (e.g., Delhi’s 20% green cover). 

• Policy: MoEFCC’s urban eco-policies. 

• Indian Context: 

o Planning: 100 smart cities planned. 

o Policy: National Urban Policy Framework. 

5.4 Numerical Example 

• Problem: Calculate population growth rate if Delhi grows from 18 to 20 million in 5 years. 

• Solution: 

o Rate = (20 - 18)/18 × 100 ÷ 5 ≈ 2.22%/year. 

• Relevance: Tests human ecology, linked to urbanization. 

5.5 Indian Case Study: Delhi Urban Ecology 

• Context: Delhi’s 20 million population, ~1,500 km² sprawl (CPCB, 2025). 

• Application: 

o Human Ecology: Urbanization increases PM2.5 (~100 µg/m³). 

o Impact: Health, ecosystem strain. 

• Impact: 

o Health: 1 million respiratory cases/year. 

o Economic: $10 billion/year losses. 

• Mitigation: NCAP’s GRAP, Smart Cities Mission. 

6. Human Impacts on Ecology, Origin, Speciation, and Settlements 

6.1 Pollution 

• Mechanism: Emissions disrupt ecosystems, settlements. 

• Impacts: 

o Ecology: Delhi’s smog (PM2.5 ~100 µg/m³). 

o Speciation: Habitat loss reduces endemics (~20% Western Ghats). 

• Indian Context: Ganga’s BOD ~30 mg/L. 

• Mitigation: NCAP, Namami Gange. 
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6.2 Deforestation 

• Mechanism: Land clearing for settlements. 

• Impacts: 

o Ecology: Sundarbans’ mangrove loss (~10% since 2000). 

o Speciation: Threatens endemics (e.g., Nilgiri tahr). 

• Indian Context: Northeast’s 1% forest loss/year. 

• Mitigation: NAPCC’s Green India Mission. 

6.3 Urbanization 

• Mechanism: Settlement expansion. 

• Impacts: 

o Ecology: Mumbai’s wetland loss (~50% since 1990). 

o Human Ecology: Slum growth (65 million in India). 

• Indian Context: Delhi’s 20 million population. 

• Mitigation: Smart Cities Mission. 

7. Applications of Ecology, Origin, Speciation, and Human Ecology 

7.1 Conservation 

• Role: Protects ecosystems, species. 

• Applications: 

o Reserves for endemics (e.g., Western Ghats). 

o Eco-restoration (e.g., Sundarbans). 

• Indian Context: 18 biosphere reserves. 

7.2 Urban Planning 

• Role: Sustainable settlements. 

• Applications: 

o Green cities (e.g., Bengaluru). 

o Slum rehabilitation (e.g., Mumbai). 

• Indian Context: Smart Cities Mission. 

7.3 Research 

• Role: Advances knowledge. 

• Applications: 

o Speciation studies (e.g., WII). 

o Astrobiology (e.g., ISRO). 

• Indian Context: IISc, NBRI research. 

Table 8: Applications of Ecology, Origin, Speciation, and Human Ecology 

Application Description Benefits Indian Example 

Conservation Protects ecosystems Enhances biodiversity Western Ghats 

Urban Planning Sustainable cities Improves living Smart Cities 

Research Advances science Informs policy WII speciation 
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8.  Potential Question Types 

MCQs: 
“Which drives speciation? 

(A) Isolation   (B) Selection  

(C) Both   (D) None.”  

(Answer: C) 

• Assertion-Reason: 

o Assertion (A): Himalayan ecosystems are biodiverse. 

Reason (R): Ecology integrates multiple disciplines. 

(A) Both A and R are true, and R explains A. 

(B) Both A and R are true, but R does not explain A. 

(C) A is true, R is false. 

(D) A is false, R is true. 

Answer: B 

• Match the Following: 

Concept Role 

A. Ecology 1. Species formation 

B. Speciation 2. Human-environment 

C. Human Ecology 3. Chemical evolution 

D. Origin of Life 4. Ecosystem interactions 

Answer: A-4, B-1, C-2, D-3  

• Numerical Question: 

o “Calculate Shannon Index for 2 species with proportions 0.6, 0.4.” (Answer: H = -[(0.6 ln 0.6) + 

(0.4 ln 0.4)] ≈ 0.67) 

Ecosystem Structure and Functions: Structures - Biotic and Abiotic Components, 

Functions - Energy Flow in Ecosystems, Energy Flow Models, Food Chains and 

Food Webs 

Introduction 

Environmental biology elucidates the structure and functioning of ecosystems, providing critical 

insights into the interactions that sustain life and regulate environmental processes. Ecosystem 

Structure and Functions: Structures - Biotic and Abiotic Components, Functions - Energy Flow in 

Ecosystems, Energy Flow Models, Food Chains and Food Webs explores the components that define 

ecosystems (biotic and abiotic) and their dynamic functions, including energy transfer through trophic 

levels, modeled via energy flow diagrams and depicted in food chains and webs. This part covers 

ecosystem structures (biotic: producers, consumers; abiotic: climate, soil), functions (energy flow 

principles, ~10% transfer efficiency), energy flow models (e.g., Lindeman’s trophic model), and food 

chains/webs (linear and networked interactions), with applications in ecosystem management, 

biodiversity conservation, and sustainable resource use. Frequently tested in exams, topics include 

energy transfer calculations, food web dynamics, and ecosystem component interactions.  

1.  Overview of Ecosystem Structure and Functions 

1.1 Definition and Importance 

An ecosystem is a community of living organisms (biotic components) interacting with their non-

living environment (abiotic components) within a defined area. Ecosystem structure refers to its 

biotic (e.g., plants, animals) and abiotic (e.g., soil, climate) components, while ecosystem functions 

include energy flow (transfer through trophic levels), modeled via energy flow diagrams, and 

depicted in food chains (linear feeding pathways) and food webs (complex feeding networks). 
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• Key Concepts: 

o Biotic Components: Producers (e.g., phytoplankton in Ganga), consumers (e.g., tigers in 

Sundarbans), decomposers (e.g., fungi). 

o Abiotic Components: Temperature, water, nutrients (e.g., Himalayan climate). 

o Energy Flow: Solar energy → producers → consumers (~10% transfer efficiency). 

o Food Chains/Webs: Trophic interactions (e.g., Sundarbans mangrove web). 

• Functions in Environmental Systems: 

o Biosphere: Supports biodiversity (~8,000 species in Himalayas, Part 1). 

o Hydrosphere: Regulates nutrient flow (e.g., Ganga’s DO ~2 mg/L, Part 9). 

o Lithosphere: Cycles nutrients via decomposers (e.g., Punjab soils). 

• Significance in Environmental Science: 

o Explains ecosystem dynamics (e.g., Western Ghats food webs). 

o Guides conservation (e.g., 10% India’s land protected). 

o Informs sustainability (e.g., MoEFCC policies). 

• Indian Context: 

o Structure: Sundarbans’ mangroves (biotic), tidal waters (abiotic). 

o Function: Energy flow in Ganga food chains (~1,000 kJ/m²/year). 

o Policy: National Biodiversity Action Plan, Wildlife Protection Act. 

1.2 Historical Perspectives 

• Ancient India: Vedic texts described ecosystem balance (e.g., forests as sacred groves); 

Arthashastra emphasized resource conservation. 

• Global Milestones: 

o 1935: Arthur Tansley coined “ecosystem.” 

o 1942: Raymond Lindeman developed trophic-dynamic model. 

o 1960s: Food web studies formalized (e.g., Elton’s trophic pyramids). 

• Modern Era: 

o India’s WII monitors ecosystems (e.g., Sundarbans, 2025). 

o Global research (e.g., IUCN, 2023) studies energy flow as of 2025. 

1.3 Scope of Ecosystem Structure and Functions 

• Structure: Defines ecosystem components (biotic, abiotic). 

• Functions: Drives energy flow, trophic interactions. 

• Applications: Conservation, resource management. 

• Indian Context: 

o Structure: Western Ghats’ forests, Himalayan soils. 

o Function: Sundarbans’ food webs, Ganga’s energy flow. 

o Policy: MoEFCC, ICAR promote ecosystem health. 

Table 1: Scope of Ecosystem Structure and Functions 

Concept Focus Role Indian Example 

Biotic Components Organisms Biodiversity Sundarbans tigers 

Abiotic Components Environment Ecosystem support Ganga water 

Energy Flow Trophic transfer Ecosystem function Western Ghats 

Food Chains/Webs Feeding interactions Trophic dynamics Ganga food web 

Applications Management Conservation MoEFCC policies 
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2.  Ecosystem Structure: Biotic Components 

2.1 Definition and Types 

Biotic components are the living organisms in an ecosystem, categorized by their ecological roles. 

• Types: 

o Producers: Autotrophs (e.g., phytoplankton in Ganga, ~1 g/m² biomass). 

o Consumers: Primary (herbivores, e.g., deer in Corbett), secondary (carnivores, e.g., tigers in 

Sundarbans), tertiary (top predators, e.g., eagles). 

o Decomposers: Microorganisms (e.g., fungi in Punjab soils). 

• Characteristics: 

o Producers: Photosynthesis (6CO₂ + 6H₂O → C₆H₁₂O₆ + 6O₂). 

o Consumers: Heterotrophic, energy from food. 

o Decomposers: Recycle nutrients (e.g., N, P). 

• Environmental Role: 

o Drive biodiversity (~5,000 plant species in Western Ghats). 

o Support food webs (e.g., Sundarbans). 

• Examples: 

o Global: Amazon’s jaguars, algae. 

o India: Ganga’s fish, Himalayan rhododendrons. 

2.2 Environmental Impact 

• Biodiversity: Biotic components enhance resilience (e.g., ~8,000 Himalayan species). 

• Ecosystem Services: Pollination, nutrient cycling (e.g., Punjab agriculture). 

• Pollution: Sensitive to stressors (e.g., Ganga fish kills, DO ~2 mg/L). 

• Indian Context: 

o Biodiversity: Sundarbans’ 400 species. 

o Threats: Deforestation (~1% forest loss/year). 

o Mitigation: Wildlife Protection Act, 1972. 

2.3 Applications 

• Conservation: Protects species (e.g., Project Tiger). 

• Agriculture: Pollinators boost yields (e.g., Punjab). 

• Monitoring: Bioindicators (e.g., Ganga’s fish). 

• Indian Context: 

o Conservation: 104 national parks. 

o Policy: MoEFCC’s biodiversity plans. 

2.4 Numerical Example 

• Problem: Calculate producer biomass if 1 ha supports 10 t phytoplankton, 20% is primary 

consumers. 

• Solution: 

o Consumer biomass = 10 × 0.2 = 2 t. 

• Relevance: Tests biotic component biomass, linked to trophic levels. 

2.5 Indian Case Study: Sundarbans Biotic Components 

• Context: Sundarbans hosts ~400 species, including tigers, mangroves (WII, 2025). 

• Application: 

o Biotic: Producers (mangroves), consumers (tigers), decomposers (fungi). 

o Impact: Supports biodiversity, coastal protection. 
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• Impact: 

o Ecosystem: 10% species endemic. 

o Threats: Mangrove loss (~10% since 2000). 

• Mitigation: Sundarbans Biosphere Reserve, MoEFCC. 

3.  Ecosystem Structure: Abiotic Components 

3.1 Definition and Types 

Abiotic components are the non-living elements of an ecosystem, influencing biotic interactions. 

• Types: 

o Physical: Temperature, light (e.g., Himalayan 0–20°C). 

o Chemical: Nutrients, pH (e.g., Ganga pH ~7.5, Part 10). 

o Geographical: Soil, water (e.g., Sundarbans tidal waters). 

• Characteristics: 

o Climate: Drives vegetation (e.g., Western Ghats rainfall ~2,000 mm/year). 

o Soil: Nutrient source (e.g., Punjab N ~50 mg/kg). 

o Water: Supports life (e.g., Ganga’s flow ~500 km³/year). 

• Environmental Role: 

o Shapes ecosystems (e.g., Himalayan alpine zones). 

o Regulates biotic growth (e.g., Ganga’s DO). 

• Examples: 

o Global: Amazon’s rainfall (~2,500 mm/year). 

o India: Thar Desert’s aridity (~100 mm/year). 

3.2 Environmental Impact 

• Ecosystem Dynamics: Abiotic factors limit species (e.g., Himalayan snow leopards). 

• Pollution: Acid rain alters pH (e.g., Singrauli ~4.5, Part 10). 

• Climate Change: Temperature rise (~0.7°C in India, IMD) shifts ecosystems. 

• Indian Context: 

o Climate: Monsoon variability affects Ganga. 

o Soil: Punjab’s salinity (~5% farmland affected). 

o Mitigation: National Water Mission, ICAR’s soil management. 

3.3 Applications 

• Ecosystem Management: Restores abiotic balance (e.g., Ganga water quality). 

• Agriculture: Soil testing (e.g., Soil Health Card Scheme). 

• Monitoring: Climate data (e.g., IMD). 

• Indian Context: 

o Management: Namami Gange’s water flow restoration. 

o Policy: MoEFCC’s climate adaptation plans. 

3.4 Numerical Example 

• Problem: Calculate soil nutrient loss if 1 ha loses 100 kg N (N ~50 mg/kg, soil density 1.3 g/cm³, 

depth 20 cm). 

• Solution: 

o Soil mass = 1.3 × 10⁶ kg/m³ × 0.2 m × 10,000 m² = 2.6 × 10⁶ kg. 

o Initial N = 50 × 10⁻⁶ × 2.6 × 10⁶ = 130 kg. 

o Loss = 100/130 × 100 ≈ 76.9%. 

• Relevance: Tests abiotic nutrient dynamics, linked to soil health. 
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3.5 Indian Case Study: Ganga Abiotic Components 

• Context: Ganga’s abiotic components (water, nutrients, pH ~7.5) support ecosystems (CPCB, 2025). 

• Application: 
o Abiotic: Flow (~500 km³/year), DO (~2 mg/L). 
o Impact: Sustains fish, regulates cycles. 

• Impact: 
o Pollution: BOD ~30 mg/L reduces DO. 
o Ecosystem: Fish kills in 100 km stretch. 

• Mitigation: Namami Gange’s STPs, CPCB monitoring. 

4.  Ecosystem Functions: Energy Flow in Ecosystems 
4.1 Definition and Principles 

Energy flow is the transfer of energy through an ecosystem, primarily from solar radiation to 
producers and consumers, following thermodynamic laws. 

• Principles: 
o First Law: Energy is conserved (e.g., solar input ~1,000 kJ/m²/year). 
o Second Law: Energy transfer is inefficient (~10% per trophic level). 
o Trophic Levels: Producers → Primary consumers → Secondary consumers. 

• Energy Transfer: 
o Photosynthesis captures ~1% solar energy. 
o ~10% energy transfers per level (e.g., 1,000 kJ producers → 100 kJ herbivores). 

• Environmental Role: 
o Sustains food webs (e.g., Sundarbans). 
o Drives ecosystem productivity (~500 g/m²/year in forests). 

• Examples: 
o Global: Amazon’s primary productivity (~1,000 g/m²/year). 
o India: Western Ghats’ energy flow (~800 kJ/m²/year). 

4.2 Environmental Impact 

• Productivity: High energy flow supports biodiversity (e.g., ~5,000 species in Western Ghats). 

• Ecosystem Health: Energy disruptions harm species (e.g., Ganga’s low DO). 

• Climate: Energy drives cycles (e.g., C cycle, Part 11). 

• Indian Context: 
o Productivity: Sundarbans’ mangroves (~600 g/m²/year). 
o Threats: Pollution reduces energy flow (e.g., Delhi’s urban ecosystems). 
o Mitigation: MoEFCC’s eco-restoration. 

4.3 Applications 

• Ecosystem Management: Enhances productivity (e.g., Corbett). 

• Conservation: Protects energy flow (e.g., Project Tiger). 

• Monitoring: Productivity assessments (e.g., WII). 

• Indian Context: 
o Management: Sundarbans Biosphere Reserve. 
o Policy: National Biodiversity Action Plan. 

4.4 Numerical Example 

• Problem: Calculate energy at secondary consumers if producers have 10,000 kJ, 10% transfer 
efficiency. 

• Solution: 

o Primary consumers = 10,000 × 0.1 = 1,000 kJ. 

o Secondary consumers = 1,000 × 0.1 = 100 kJ. 

• Relevance: Tests energy flow, linked to trophic efficiency. 
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4.5 Indian Case Study: Western Ghats Energy Flow 

• Context: Western Ghats’ forests support high energy flow (~800 kJ/m²/year, WII, 2025). 

• Application: 
o Energy Flow: Producers (trees) → herbivores (deer) → carnivores (leopards). 
o Impact: Sustains ~5,000 plant species. 

• Impact: 
o Biodiversity: 30% species endemic. 
o Threats: Deforestation (~1% loss/year). 

• Mitigation: Western Ghats Ecology Expert Panel. 

5. Energy Flow Models 
5.1 Definition and Types 
Energy flow models represent energy transfer through ecosystems, quantifying trophic interactions. 

• Types: 
o Lindeman’s Trophic Model (1942): ~10% energy transfer per level. 
o Y-Shaped Model: Separates grazing, detritus pathways. 
o Linear Model: Simplified producer-consumer flow. 

• Components: 
o Trophic levels, energy units (kJ/m²/year). 
o Biomass, productivity (g/m²/year). 

• Environmental Role: 
o Quantifies ecosystem efficiency (e.g., Sundarbans). 

• Examples: 
o Global: Serengeti’s grazing model. 
o India: Ganga’s detritus model. 

5.2 Environmental Impact 

• Ecosystem Analysis: Models predict stability (e.g., Western Ghats). 

• Conservation: Guides management (e.g., Corbett). 

• Pollution: Models assess disruptions (e.g., Ganga). 

• Indian Context: 
o Models: Sundarbans’ Y-shaped model. 
o Threats: Pollution alters energy flow. 
o Mitigation: WII’s ecosystem studies. 

5.3 Applications 

• Ecosystem Management: Optimizes energy flow (e.g., Sundarbans). 

• Research: Models inform studies (e.g., WII). 

• Policy: MoEFCC uses models for conservation. 

• Indian Context: 
o Research: NBRI’s model development. 
o Policy: National Biodiversity Action Plan. 

5.4 Numerical Example 

• Problem: Calculate biomass at tertiary consumers if producers have 1,000 t/ha, 10% transfer, 4 
levels. 

• Solution: 
o Primary = 1,000 × 0.1 = 100 t. 
o Secondary = 100 × 0.1 = 10 t. 

o Tertiary = 10 × 0.1 = 1 t. 

• Relevance: Tests model calculations, linked to energy flow. 
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5.5 Indian Case Study: Ganga Energy Flow Model 
• Context: Ganga’s detritus-based energy flow (~500 kJ/m²/year, CPCB, 2025). 

• Application: 
o Model: Y-shaped, detritus-driven (phytoplankton → fish → decomposers). 
o Impact: Supports aquatic food webs. 

• Impact: 
o Pollution: BOD ~30 mg/L disrupts flow. 
o Ecosystem: Fish declines. 

• Mitigation: Namami Gange’s restoration. 

6. Food Chains and Food Webs 
6.1 Definition and Structure 
Food chains are linear sequences of energy transfer through trophic levels. Food webs are complex 
networks of interconnected food chains. 
• Food Chains: 

o Structure: Producer → Primary consumer → Secondary consumer (e.g., algae → fish → bird in 
Ganga). 

o Types: Grazing (plant-based), detritus (decomposer-based). 
• Food Webs: 

o Structure: Multiple chains (e.g., Sundarbans’ tiger-prey web). 
o Complexity: ~10–100 species interactions. 

• Environmental Role: 
o Depict trophic dynamics (e.g., Western Ghats). 
o Maintain ecosystem stability. 

• Examples: 
o Global: Serengeti’s lion-zebra chain. 
o India: Corbett’s tiger-deer web. 

6.2 Environmental Impact 
• Biodiversity: Webs enhance resilience (e.g., Sundarbans’ 400 species). 
• Pollution: Toxins bioaccumulate (e.g., DDT ~0.01 mg/kg in Ganga fish, Part 11). 
• Ecosystem Health: Disruptions harm species (e.g., Ganga fish kills). 
• Indian Context: 

o Webs: Sundarbans’ complex interactions. 
o Threats: Pollution, habitat loss. 
o Mitigation: Wildlife Protection Act. 

6.3 Applications 
• Conservation: Protects food webs (e.g., Project Tiger). 
• Monitoring: Tracks trophic changes (e.g., WII). 
• Management: Restores ecosystems (e.g., Ganga). 
• Indian Context: 

o Conservation: 566 sanctuaries. 
o Policy: MoEFCC’s biodiversity plans. 

6.4 Numerical Example 
• Problem: Calculate DDT bioaccumulation if fish (secondary consumer) have 0.01 mg/kg, 

biomagnification factor = 10 per level, 3 levels. 

• Solution: 

o Producer = 0.01 ÷ (10 × 10) = 0.0001 mg/kg. 

o Primary consumer = 0.0001 × 10 = 0.001 mg/kg. 

• Relevance: Tests bioaccumulation, linked to food chains. 
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6.5 Indian Case Study: Sundarbans Food Web 

• Context: Sundarbans’ food web includes mangroves, fish, tigers (WII, 2025). 

• Application: 

o Food Web: Mangroves → crabs → fish → tigers. 

o Impact: Supports 400 species, coastal stability. 

• Impact: 

o Threats: Mangrove loss (~10% since 2000). 

o Pollution: DDT bioaccumulation. 

• Mitigation: Sundarbans Biosphere Reserve. 

7.  Human Impacts on Ecosystem Structure and Functions 

7.1 Pollution 

• Mechanism: Emissions disrupt components, energy flow. 

• Impacts: 

o Structure: Ganga’s low DO (~2 mg/L) harms fish. 

o Function: DDT in Sundarbans’ food webs. 

• Indian Context: Delhi’s PM2.5 (~100 µg/m³). 

• Mitigation: NCAP, Namami Gange. 

7.2 Deforestation 

• Mechanism: Habitat loss alters structure. 

• Impacts: 

o Structure: Western Ghats’ 1% forest loss/year. 

o Function: Reduced energy flow. 

• Indian Context: Northeast deforestation. 

• Mitigation: NAPCC’s Green India Mission. 

7.3 Urbanization 

• Mechanism: Settlements disrupt ecosystems. 

• Impacts: 

o Structure: Mumbai’s mangrove loss (~50% since 1990). 

o Function: Altered food webs. 

• Indian Context: Delhi’s urban sprawl. 

• Mitigation: Smart Cities Mission. 

8. Applications of Ecosystem Structure and Functions 

8.1 Ecosystem Management 

• Role: Sustains ecosystems. 

• Applications: 

o Restoration (e.g., Ganga). 

o Protected areas (e.g., Sundarbans). 

• Indian Context: 18 biosphere reserves. 

8.2 Conservation 

• Role: Protects biodiversity. 

• Applications: 

o Project Tiger, Project Elephant. 

o Food web monitoring (e.g., WII). 

• Indian Context: Wildlife Protection Act. 
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8.3 Sustainable Development 

• Role: Balances resource use. 

• Applications: 

o Agroforestry (e.g., Punjab). 

o Urban green spaces (e.g., Delhi). 

• Indian Context: Smart Cities Mission. 

Table 9: Applications of Ecosystem Structure and Functions 

Application Description Benefits Indian Example 

Ecosystem Management Sustains ecosystems Enhances resilience Ganga restoration 

Conservation Protects biodiversity Supports species Project Tiger 

Sustainable Development Balances resources Promotes sustainability Smart Cities 

9.  Potential Question Types 

MCQs: 
“Which is an abiotic component? (A) Climate (B) Tiger (C) Both (D) None.” (Answer: A) 

• Assertion-Reason: 

o Assertion (A): Sundarbans’ food web is complex. 

Reason (R): It includes multiple trophic interactions. 

▪ (A) Both A and R are true, and R explains A. 

▪ (B) Both A and R are true, but R does not explain A. 

▪ (C) A is true, R is false. 

▪ (D) A is false, R is true. 

Answer: A 

• Match the Following: 

Concept Role 

A. Biotic 1. Climate 

B. Abiotic 2. Producers 

C. Energy Flow 3. Food web 

D. Food Web 4. Trophic transfer 

Answer: A-2, B-1, C-4, D-3  

• Numerical Question: 

o “Calculate energy at primary consumers if producers have 5,000 kJ, 10% efficiency.” (Answer: 

5,000 × 0.1 = 500 kJ) 

 

Biogeochemical Cycles, Ecological Succession, Species Diversity 
Introduction 

Environmental biology elucidates the dynamic processes that sustain ecosystems, regulate nutrient 

flows, and support biodiversity, critical for addressing environmental challenges like pollution, habitat 

loss, and climate change. Biogeochemical Cycles, Ecological Succession, Species Diversity explores the 

cycling of essential elements (nitrogen, carbon, phosphorus, sulfur), the progressive development of 

ecosystems (succession), and the variety of species within ecosystems (diversity). This part covers 

biogeochemical cycles (mechanisms, fluxes, disruptions), ecological succession (primary, secondary, 

patterns), and species diversity (metrics, conservation significance), with applications in ecosystem 

restoration, nutrient management, and biodiversity conservation. Frequently tested in exams, topics 

include nutrient cycle imbalances, succession stages, and diversity indices.  
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1.  Overview of Biogeochemical Cycles, Ecological Succession, Species Diversity 

1.1 Definition and Importance 

Biogeochemical cycles describe the movement of essential elements (nitrogen, carbon, 

phosphorus, sulfur) through Earth’s atmosphere, hydrosphere, lithosphere, and biosphere, 

sustaining life and ecosystems. Ecological succession is the process of ecosystem development over 

time, transitioning from pioneer to climax communities. Species diversity measures the variety and 

abundance of species within an ecosystem, reflecting its health and resilience. 

• Key Concepts: 

o Biogeochemical Cycles: Nitrogen fixation, carbon sequestration, phosphorus weathering, sulfur 

deposition (e.g., Ganga N ~50 mg/L). 

o Ecological Succession: Primary (e.g., volcanic lava), secondary (e.g., post-fire forests), ~100–

1,000 years to climax. 

o Species Diversity: Species richness, evenness (e.g., ~5,000 plant species in Western Ghats). 

• Functions in Environmental Systems: 

o Biosphere: Cycles support growth (e.g., Sundarbans C sink); succession builds ecosystems; 

diversity enhances resilience. 

o Hydrosphere: Nutrient cycles regulate water quality (e.g., Ganga BOD ~30 mg/L, Part 9). 

o Lithosphere: Succession restores soils (e.g., Punjab); diversity maintains soil health. 

• Significance in Environmental Science: 

o Balances ecosystems (e.g., carbon sinks ~2 Gt C/year globally, Part 11). 

o Guides restoration (e.g., Western Ghats forests). 

o Informs conservation (e.g., India’s 10% threatened species). 

• Indian Context: 

o Cycles: Ganga’s N, P overload from agriculture. 

o Succession: Himalayan post-glacial succession. 

o Diversity: Sundarbans’ ~400 species. 

o Policy: National Biodiversity Action Plan, MoEFCC restoration programs. 

1.2 Historical Perspectives 

• Ancient India: Vedic texts described nutrient cycling in agriculture; sacred groves reflected early 

conservation. 

• Global Milestones: 

o 1860s: Justus von Liebig formalized nutrient cycling. 

o 1883: Eugen Warming studied ecological succession. 

o 1926: Vladimir Vernadsky advanced biogeochemical cycle concepts. 

o 1960s: Species diversity metrics (e.g., Shannon index) developed. 

• Modern Era: 

o India’s WII, NBRI study cycles, succession, diversity (2025). 

o Global frameworks (e.g., CBD, 2023) address biodiversity as of 2025. 

1.3 Scope of Biogeochemical Cycles, Succession, and Species Diversity 

• Cycles: Regulate nutrients, climate (e.g., N, C cycles). 

• Succession: Restores ecosystems (e.g., post-fire succession). 

• Diversity: Enhances ecosystem stability (e.g., Western Ghats). 

• Indian Context: 

o Cycles: Punjab’s N ~50 mg/L in groundwater. 

o Succession: Sundarbans’ mangrove recovery. 

o Diversity: Himalayan ~8,000 species. 

o Policy: MoEFCC, ICAR promote conservation, restoration. 
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