Environment Science and Ecology

Fundamentals of Ecology

Ecology is the branch of science that studies the interactions among organisms and their
environment, encompassing both biotic (living) and abiotic (non-living) componentsl 12l Key
concepts include:

e Ecosystems: Functional units where living organisms interact with each other and with their
physical surroundings. Ecosystems can range in size from a single tree to the entire Earth.

e Levels of Organization: Molecules - Cells — Organisms — Populations - Communities -
Ecosystems — Biosphere.

e Open Systems: Nearly all ecosystems exchange energy and matter with the surroundings.

e Ecosystem Dynamics: Ecosystems change over time due to internal processes (such as
nutrient cycling) and external forces (like climate events), with changes occurring at various
rates and scales.

Ecology explains energy flow (from the sun through producers to consumers and decomposers),
nutrient cycling (carbon, nitrogen, water), community structure, and the balance between
stability and change in nature31 11,

Biodiversity and Conservation

Biodiversity

Biodiversity refers to the variety and variability of all forms of life on Earth—gene, species, and
ecosystem diversity. It provides resources, maintains ecosystem health and resilience, and
supports human wellbeing 41 151 [6],

Conservation

e Objectives:
o Protect and preserve species diversity.
o Ensure sustainable management of species and ecosystems.
o Restore declining populations and ecological processes.

e Methods:

o In situ conservation: Preserving species in their natural habitats (national parks, wildlife
sanctuaries, biosphere reserves).

o Exsitu conservation: Conserving species/genetic material outside their natural habitats
(seed banks, zoos, aquariums, botanical gardens).



o Area-based approaches: Protected areas, biodiversity hotspots, and ecosystem
management.

o Species-based approaches: Legal protection, breeding programs, and conservation of
threatened species!4l [51 161,

Strategies:
o Preventing deforestation and overexploitation.
o Enforcing environmental laws.
o Promoting public awareness.

o Efficient and equitable use of natural resources.

Importance

Enhances ecosystem stability and resilience.
Supports food security, health, and cultural values.

Economic and ethical reasoning: Biodiversity underpins ecosystem services vital for human
survivall4l 6],

Climate Change and Its Impacts

Overview

Climate change is the long-term alteration of temperature and typical weather patternsin a
place, primarily due to human activities (notably the burning of fossil fuels and deforestation),
which increase greenhouse gas concentrations in the atmospherelZl 181 [91 [10]

Major Impacts

Temperature Rise: Increases in global average temperatures, leading to more heatwaves
and shifting climate zones.

Extreme Weather: Intensified storms, floods, droughts, and wildfires.

Sea Level Rise: Melting ice caps and glaciers cause rising oceans, endangering coastal
populations and ecosystems.

Ecosystem Disruption: Species shift to higher latitudes or altitudes; coral bleaching, loss of
polar and mountain habitats.

Biodiversity Loss: Increased extinction risk for many species; disruption of food chains and
ecosystem services.

Human Health and Economy: Increased disease risk, decreased agricultural productivity,
water scarcity, displacement[Zl l8l[o] 0]



Key Concerns

Climate change effects are regionally variable but globally interconnected.
Some impacts may cross irreversible thresholds (tipping points), making adaptation harder.

Vulnerable populations (such as the poor, elderly, and indigenous communities) face greater
risks.

Environmental Pollution and Waste Management

Environmental Pollution

Environmental pollution refers to undesirable changes in the physical, chemical, or biological
characteristics of air, water, or soil that can adversely affect the health of humans, animals,
plants, and ecosystems 1l [12]
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Air Pollution: Emissions from industry, transport, and agriculture
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