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Introduction

Evolutionary Biology is the study of history of life forms on earth. Evolution explains the changes in
flora and fauna that have occurred over millions of years, providing context for the origin and
development of biodiversity on our planet.

Key Concepts:

Evolution: Process of gradual change in life forms over time

Biodiversity: Variety of life forms on Earth

Natural Selection: Mechanism driving evolutionary change

Geological Time Scale: Framework for understanding evolutionary history

6.1 ORIGIN OF LIFE

Universe and Earth Formation:

Universe Age: 13.8 billion years old Big Bang Theory: Explains origin of universe through massive
expansion Earth Formation: 4.5 billion years ago Life Appearance: ~4 billion years ago (500
million years after Earth formation)

Early Earth Conditions:

1. No atmosphere initially



2. Surface composition: Water vapour, methane, CO₂, ammonia from molten mass

3. UV radiation: Split water molecules, lighter hydrogen escaped

4. Ozone layer formation: After oxygen-ammonia-methane reactions

5. Ocean formation: Water vapour condensation filled depressions

Theories of Life Origin:

1. Panspermia Theory:

Life came from outer space

Greek thinkers proposed spores transferred between planets

Still supported by some astronomers

2. Spontaneous Generation Theory:

Life arose from decaying matter (straw, mud)

Disproved by Louis Pasteur: Demonstrated life comes only from pre-existing life

Famous experiment: Pre-sterilized vs open flasks

3. Chemical Evolution Theory (Oparin-Haldane):

Key Propositions:

First life forms from pre-existing organic molecules

Chemical evolution preceded biological evolution

Organic molecules formed from inorganic constituents

Miller's Experiment (1953):

Conditions: CH₄, H₂, NH₃, water vapour at 800°C with electric discharge

Results: Formation of amino acids



Significance: Supported chemical evolution theory

Extensions: Other experiments produced sugars, nitrogen bases, pigments, fats

Timeline of Early Life:

3 billion years ago: First non-cellular life forms (RNA, proteins, polysaccharides)

2 billion years ago: First cellular forms

Environment: All life in aquatic conditions

6.2 EVOLUTION OF LIFE FORMS - A THEORY

Theory of Special Creation:

Three main ideas (challenged in 19th century):

1. All organisms created as they exist today

2. Diversity constant since creation

3. Earth only 4000 years old

Darwin's Theory:

Based on: Observations from HMS Beagle voyage Key Insights:

Existing life forms share similarities with ancient forms

Many ancient life forms now extinct

New forms arose at different periods

Gradual evolution of life forms

Fundamental Concepts:

Variation: Built-in differences in populations Natural Selection: Better-adapted individuals survive
and reproduce more Fitness: Reproductive success in given environment Common Ancestry: All



life forms share common ancestors from different time periods

Note: Alfred Wallace independently reached similar conclusions

6.3 EVIDENCES FOR EVOLUTION

1. Paleontological Evidence:

Fossils: Remains of organisms in rock sediments Information provided:

Different life forms in different geological periods

Some similar to modern organisms

Many represent extinct species (e.g., dinosaurs)

Dating method: Radioactive dating techniques

2. Embryological Evidence:

Ernst Haeckel's observation: Vertebrate embryos show common features absent in adults
Example: Gill slits in all vertebrate embryos Karl Ernst von Baer's correction: Embryos don't pass
through adult stages of other animals

3. Comparative Anatomy and Morphology:

Homologous Structures:

Definition: Similar anatomical structure, different functions Examples:

Forelimbs of whales, bats, cheetah, humans

Plant thorns and tendrils (Bougainvillea and Cucurbita) Significance: Indicates divergent
evolution and common ancestry

Analogous Structures:



Definition: Different anatomical structure, similar functions Examples:

Wings of butterfly vs birds

Eyes of octopus vs mammals

Sweet potato (root) vs potato (stem) Significance: Result of convergent evolution

4. Biochemical Evidence:

Similar proteins and genes for same functions across diverse organisms

Points to common ancestry like structural similarities

5. Artificial Selection:

Human breeding programs: Created new breeds in hundreds of years Argument: If humans can
create new breeds quickly, nature could do same over millions of years

6. Industrial Melanism (England):

Pre-industrialization (1850s): More white-winged moths Post-industrialization (1920): More
dark-winged moths Explanation:

Tree trunks became dark due to industrial pollution

White moths more visible to predators on dark trunks

Dark moths better camouflaged, survived better Evidence: Rural areas still had more white
moths

7. Modern Examples:

Antibiotic-resistant bacteria

Pesticide-resistant insects

Herbicide-resistant plants Significance: Evolution occurs in months/years, not centuries



6.4 ADAPTIVE RADIATION

Definition:

Evolution of different species in a geographical area, starting from one point and radiating to
different habitats.

Darwin's Finches (Galapagos Islands):

Observation: Multiple finch varieties on same island Evolution: From original seed-eating ancestor
Adaptations: Different beak shapes for different diets:

Insectivorous finches

Vegetarian finches

Seed-eating variants

Australian Marsupials:

Pattern: Multiple marsupial species evolved from ancestral stock Environment: Isolated Australian
continent Result: Each species adapted to different ecological niches

Convergent Evolution:

Placental mammals in Australia: Show similar adaptive radiation Examples: Placental wolf vs
Tasmanian wolf (marsupial) Result: Similar-looking animals from different evolutionary lineages

6.5 BIOLOGICAL EVOLUTION

Key Principles:

Natural Selection Mechanism:

Rate factors:



Life cycle length affects evolution speed

Microbes: Fast division → rapid evolution (days)

Complex organisms: Longer lifespan → slower evolution (millions of years)

Fitness Concept:

Definition: Ability to survive and reproduce in given environment Characteristics:

Must be inherited

Has genetic basis

Determines selection by nature

Darwin's Key Concepts:

1. Branching descent

2. Natural selection

Lamarck's Theory (Rejected):

Use and disuse of organs: Giraffes developed long necks through stretching Problem: Acquired
characteristics not inherited

Evolution as Process vs Result:

As process: Describes how world changes over time As result: Consequence of natural selection
Current view: Still debating whether evolution/natural selection are processes or results

Malthus Influence:

Population observations:

Natural resources limited

Population sizes stable (except seasonal fluctuations)



Individual variations exist

Most variations inherited

Competition for resources exists

Darwin's insight: Heritable variations improving resource utilization lead to greater reproductive
success

6.6 MECHANISM OF EVOLUTION

Hugo de Vries' Mutation Theory:

Concept: Large mutations cause evolution, not small Darwinian variations Key differences:

Mutations: Random and directionless

Darwinian variations: Small and directional

Evolution: Sudden (saltation) vs gradual

6.7 HARDY-WEINBERG PRINCIPLE

Basic Concept:

Genetic equilibrium: Allele frequencies remain constant across generations Mathematical
expression: p² + 2pq + q² = 1 Where:

p = frequency of allele A

q = frequency of allele a

p² = frequency of AA individuals

q² = frequency of aa individuals

2pq = frequency of Aa individuals



Factors Affecting Hardy-Weinberg Equilibrium:

1. Gene migration/Gene flow

2. Genetic drift

3. Mutation

4. Genetic recombination

5. Natural selection

Gene Flow:

Mechanism: Population migration to new areas Effect: Changes allele frequencies in both original
and new populations

Genetic Drift:

Definition: Random changes in allele frequency Founder effect: When drifted population
establishes new species

Natural Selection Types:

1. Stabilizing selection: Favors mean character values

2. Directional selection: Favors values other than mean

3. Disruptive selection: Favors peripheral values at both distribution ends

6.8 A BRIEF ACCOUNT OF EVOLUTION

Major Timeline:

Early Life (2000 mya):

First cellular forms appeared

Some cells could release O₂ (photosynthesis-like process)



Single-celled → multi-cellular transition

Marine Life (500 mya):

Invertebrates formed and active

350 mya: Jawless fish evolved

320 mya: Sea weeds and plants existed

Land Invasion:

First land colonizers: Plants

350 mya: Fish with strong fins moved to land

Coelacanth: "Living fossil" discovered 1938 (thought extinct)

Amphibian Evolution:

Lobefins → First amphibians (ancestors of frogs, salamanders) Key adaptation: Could live on
both land and water

Reptile Evolution:

Key adaptation: Thick-shelled eggs (don't dry in sun) Modern descendants: Turtles, tortoises,
crocodiles Dominance period: Next 200 million years Giant ferns: Formed coal deposits

Age of Reptiles:

Diversity: Various shapes and sizes Aquatic return: Some became fish-like (Ichthyosaurs, ~200
mya) Dinosaurs: Land reptiles

Tyrannosaurus rex: 20 feet height, huge teeth

Extinction: 65 mya (reasons debated - climate change vs evolution into birds)

Age of Mammals:



Early mammals: Shrew-like, small fossils Advantages:

Viviparous (protected young inside mother)

More intelligent sensing abilities Continental drift effects:

South American mammals replaced by North American fauna

Australian marsupials survived due to isolation

Aquatic mammals: Whales, dolphins, seals, sea cows

Special Evolution Stories:

Horse, elephant, dog evolution (detailed study in higher classes)

6.9 ORIGIN AND EVOLUTION OF MAN

Early Primates (15 mya):

Dryopithecus: More ape-like Ramapithecus: More man-like Characteristics: Hairy, walked like
gorillas and chimpanzees

Human Evolution Timeline:

Australopithecines (3-4 mya):

Location: Eastern Africa (Ethiopia, Tanzania) Characteristics:

Walked upright

Height: ~4 feet

Hunted with stone weapons

Primarily fruit-eaters

Homo habilis (2 mya):



Significance: First human-like hominid Brain capacity: 650-800cc Diet: Probably no meat
consumption

Homo erectus (1.5 mya):

Discovery: Java, 1891 Brain capacity: ~900cc Diet: Probably ate meat

Neanderthal man (100,000-40,000 years ago):

Location: Near East and Central Asia Brain capacity: 1400cc Culture:

Used hides for protection

Buried their dead

Homo sapiens:

Origin: Africa, then spread across continents Ice Age: 75,000-10,000 years ago - modern Homo
sapiens arose Cultural developments:

18,000 years ago: Pre-historic cave art (e.g., Bhimbetka, Madhya Pradesh)

10,000 years ago: Agriculture and human settlements began

NEET-Specific Important Points

High-Yield Topics for NEET:

1. Evidence for Evolution:

Homologous vs analogous structures

Industrial melanism

Fossil evidence

Embryological similarities



2. Theories:

Darwin's natural selection

Lamarck's use and disuse

Chemical evolution (Miller's experiment)

3. Hardy-Weinberg Principle:

Mathematical calculations

Factors affecting equilibrium

Applications in population genetics

4. Human Evolution:

Timeline and brain capacity changes

Key species characteristics

Cultural evolution milestones

Common NEET Question Patterns:

1. Definitional Questions:

Homology vs analogy

Natural selection

Adaptive radiation

Genetic drift

2. Example-based Questions:

Darwin's finches

Industrial melanism



Vestigial organs

Living fossils

3. Timeline Questions:

Sequence of human evolution

Geological time scale

Major evolutionary events

Memory Aids and Mnemonics

Human Evolution Sequence:

"Dry Rams Always Have Heavy Needs"

Dryopithecus

Ramapithecus

Australopithecus

Homo habilis

Homo erectus

Neanderthal man

Brain Capacity Progression:

"6-8-9-14" (in hundreds of cc)

Homo habilis: 650-800cc

Homo erectus: 900cc

Neanderthal: 1400cc



Evidence Types:

"PACE BC"

Paleontological

Anatomical/morphological

Comparative embryology

Evolution in action

Biochemical

Comparative anatomy

Practice Questions for NEET

Multiple Choice Questions:

1. Industrial melanism is an example of: a) Sexual selection b) Natural selection c) Artificial
selection d) Genetic drift

2. Homologous organs indicate: a) Common function b) Common ancestry c) Convergent
evolution d) Analogous structures

3. First cellular forms appeared: a) 4.5 billion years ago b) 3 billion years ago c) 2 billion years ago
d) 500 million years ago

Short Answer Questions:

1. Distinguish between homologous and analogous organs with examples.

2. What is adaptive radiation? Give one example.

3. State Hardy-Weinberg principle and mention factors affecting it.

Long Answer Questions:

1. Describe the various evidences for organic evolution.



2. Give an account of human evolution with timeline.

3. Explain Darwin's theory of natural selection with suitable examples.

Summary Table: Major Evolutionary Events

Time (mya) Event Significance

4000 Life origin Chemical evolution

2000 First cells Cellular organization

500 Marine invertebrates Complex multicellular life

350 Fish to land transition Terrestrial colonization

200 Age of reptiles begins Terrestrial dominance

65 Dinosaur extinction Mammalian rise

15 Early primates Human lineage origin

2 Homo habilis First human-like hominid

Key Equations to Remember

1. Hardy-Weinberg Equilibrium: p² + 2pq + q² = 1

2. Allele frequency sum: p + q = 1

3. Population genetics: Change in frequency = Evolution

Comparative Analysis

Evolution Theories Comparison:

Aspect Lamarck Darwin

Mechanism Use and disuse Natural selection

Variation Acquired Inherited



Aspect Lamarck Darwin

Direction Purposeful Random

Evidence Lacking Substantial

Modern status Rejected Accepted

Types of Selection:

Type Favors Result Example

Stabilizing Mean values Reduced variation Human birth weight

Directional Extreme values Shifted mean Industrial melanism

Disruptive Both extremes Increased variation Darwin's finches

EXAM SPRINT - Master Evolution through understanding evidence types, human evolution timeline,
and Hardy-Weinberg calculations. Focus on distinguishing between similar concepts and
memorizing key examples for each evolutionary principle.


