
7 Evolution

Origin of Life
Conditions of early earth

 � Earth formed 4.5 billion years back.
 � There was no atmosphere on early earth.
 � Water vapour, methane, carbon dioxide and ammonia 
released from molten mass covered the surface.

 � The UV rays from the sun broke up water into hydrogen and 
oxygen and lighter H2 escaped.

 � Oxygen combined with ammonia and methane to form 
water, CO2 and others.

 � The ozone layer was formed.
 � As it cooled, the water vapour fell as rain, to fill all the 
depressions and form oceans.

 � Life appeared 500 million years after the formation of earth.
Origin of life

 � Early Greek thinkers thought units of life called spores were 
transferred to different planets including earth.

Theory of Spontaneous Generation
 � According to this theory, life came out of decaying and 
rotting matter like straw, mud, etc. 

 � Theory of spontaneous generation was proposed by Van 
Helmont.

Louis Pasteur Experiment
 � Careful experimentation demonstrated that life comes only 
from pre-existing life.

 � He showed that in pre-sterilized flasks, life did not come 
from killed yeast while in another flask open to air, new 
living organism arose from ‘killed yeast’.
This disproved the theory of spontaneous generation.

Theory of Chemical Origin

Oparin – Haldane theory of origin of life
 � Oparin of Russia and Haldane of England proposed that the 
first form of life could have come from pre- existing non-
living organic molecule (e.g. RNA, protein etc.).

 � Formation of life was preceded by chemical evolution, 
i.e., formation of diverse organic molecule from inorganic
constituents.

The conditions on earth were –
 ▪ High temperature.
 ▪ Volcanic storms.
 ▪ Reducing atmosphere containing CH4, NH3, water and 

hydrogen, etc.

Urey and Miller experiment 
 � In 1953, Miller created similar earth conditions in a 
laboratory and formed organic compounds (amino acids, 
nucleic acids, fats, etc.) from inorganic forms by creating 
electric discharge in a closed flask. 

Acceptance of chemical evolution theory: (evidences)
 � Miller observed the synthesis of amino acids from simple 
inorganic chemicals in simulated condition in the laboratory.

 � Analysis of meteorite content also revealed similar 
compounds indicating that similar processes are occurring 
elsewhere in space.

What Are The Evidences For Evolution?
Evolution is a stochastic process based on chance events in 
nature and chance mutation in the organisms.
A. Paleontological evidence:

 � The study showed that life-forms varied over time and 
certain life forms are restricted to certain geological 
timespans. Hence, new lives have arisen at different times 
in the history of earth.

 � Fossils: Remains of hard parts of life-forms found in rocks. 
A study of fossils in different sedimentary layers indicates 
the geological period in which they existed.

 � Rocks: Rocks form sediments and a cross-section of earth’s 
crust indicates the arrangement of sediments one over the 
other during the long history of earth.

B. Comparative anatomy and morphological evidence:
 � Comparative anatomy and morphology shows similarities 
and differences among organisms of today and those that 
existed years ago.

Homologous and analogous organs 

Homologous organs Analogous  organs
Have fundamental similarity 
in structure and origin 
but different functions.  It 
indicates common ancestry. 

Have similar function but 
different structure and 
origin

Arises due to divergent 
evolution

Arises due to convergent 
evolution

E.g., Thorns of Bougainvillea 
and tendrils of Cucurbita; 
Human hand, Whale’s 
flippers, Bat’s wing, and 
Cheetah’s foot

E.g., Wings of insects and 
birds; eyes of octopus 
and mammals; flipper of 
penguins and dolphins; 
sweet potato & potato; 
trachea of insects and lungs 
of vertebrates 



C. Embryological support for evolution
 � Proposed by Ernst Haeckel based upon observation of 
certain features during embryonic stage common to all 
vertebrates that are absent in adult.

 � The embryos of all vertebrates including human develop a row 
of vestigial gill slits just behind the head but it is a functional 
organ only in fish and not found in any other adult vertebrates.

 � This is disproved on careful study performed by Karl 
Ernst von Baer. He noted that embryos never pass through 
the adult stages of other animals.

D. Evolution by natural selection
Based on observation of moth population in England made in 
1850.
Eg., Industrial melanism (In England)

E. Evolution by anthropogenic (by human) action:
Examples:

 � Excess use of herbicides, pesticides, etc., has only resulted 
in selection of resistant varieties in a much lesser time scale.

 � This is also true for microbes against which we employ 
antibiotics or drugs against eukaryotic organisms/cell.

Hence, resistance organisms/cells are appearing in a time scale 
of months or years and not in centuries.

What is Adaptive Radiation?
 � The process of evolution of different species in a given 
geographical area starting from a point and literally radiating 
to other areas of geography (habitats) is called adaptive 
radiation.

 � When more than one adaptive radiation appeared to have 
occurred in an isolated geographical area (representing 
different habitats), one can call this convergent evolution.

Examples:

◊ Darwin’s Finches
◊ Australian marsupial
◊ Placental mammals

Biological Evolution  
Darwinian theory of evolution

 � Branching descent and natural selection are the two key 
concepts of Darwinian Theory of Evolution.

 � The rate of appearance of new forms is linked to the life 

cycle or the life span.
 � Some organisms are better adapted to survive in an otherwise 
hostile environment.

 � Adaptive ability is inherited. It has genetic basis, for getting 
selected and to evolve.

 � Fitness is the end result of the ability to adapt and get 
selected by nature.

Lamarck theory of evolution: (Theory of inheritance of 
acquired characters)

 � It states that evolution of life forms occurred by use and 
disuse of organs. 

Differences between Darwinian variation & De vries mutation

Darwinian Evolution De Vries Mutation
Minor variation Large variation
Slow and directional Random, sudden and direction 

less
Gradual evolution Speciation by saltation (single 

step, large mutation)

Hardy – Weinberg Principle
In a given population one can find out Hardy-Weinberg 
principle stated the frequency of occurrence of alleles of a 
gene on a locus using algebraic equations.
The principle states that allele frequencies in a population are 
stable and is constant from generation to generation.
The gene pool (total genes and their alleles in a population) 
remains a constant. This is called genetic equilibrium:
Sum total of all the allelic frequencies is 1.
(p + q)2 = p2 + 2pq + q2 = 1.
When frequency measured, differs from expected values, the 
difference (direction) indicates the extent of evolutionary change.
Disturbance in genetic equilibrium, or Hardy-Weinberg principle 
i.e., change of frequency of alleles in a population would then
be interpreted as resulting in evolution.
Five factors are known to affect Hardy-Weinberg 
equilibrium:

 � Gene migration or gene flow.
 � Genetic drift.
 � Mutation.
 � Genetic recombination.
 � Natural selection.

Operation of natural selection on different traits

Stabilizing selection Directional selection Disruptive selection 
In this, more individuals acquire 
mean character value

More individuals acquire value other 
than the mean character value.

More individuals acquire peripheral character 
value at both ends of the distribution curve

Peak gets higher and narrower Peak shifts in one direction Two peaks form 
E.g., plant height, human birth weight E.g., DDT resistance in mosquitoes Sickle cell anaemia



A Brief Account of Evolution  

Evolution of Plants: 

Unicellular → Multicellular → Algae → Rhynia type plants → Cycads → Gnetales → Dicot → Monocot.

Evolution of Man

Various Stages of Human Evolution
Human ancestors Origin period Characteristics

Dryopithecus 20-25 mya More ape-like, arms and legs of same length, large brain and ate 
soft fruits and leaves.

Ramapithecus 14-15 mya More man-like, walked erect and teeth like modern man

Australopithecus 3-4 mya Man-like primates, tall, walked straight, ate fruits having brain 
capacity 400-600 cc. Fossils found in Tanzania and Ethoipia

Homo habilis 2 mya First humans-like being, brain capacity 650-800 cc, herbivores 
and fossils found in East Africa

Homo erectus (Java 
man)

1.5 mya Brain capacity 900 cc, food was meat. Fossils found in Java.

Homo sapiens neander-
thalesis (Primitive man)

1,00,000-40,000 years ago Brain size 1400 cc, used hides to protect body and body buried 
after death. Fossils found in East and Central Asia.

Homo sapiens sapiens 
(Modern man)

75,000-10,000 years ago Started agriculture, human settlement started, prehistoric cave 
art developed.


