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1.1 Origin of life: different ancient concepts - Origin of Earth and Solar 

system: Big Bang theory, Primitive atmosphere, formation of 

macromolecules 

Origin of Life:  

I. Ancient Concepts Before the advent of modern scientific understanding, various cultures 

had their own explanations for the origin of life: 

 Mythological Explanations: Many ancient cultures developed creation myths to 

explain the origin of life and the universe. These myths often involve supernatural 

beings or forces creating life and the world. 

 

 Philosophical Speculation: Ancient philosophers, such as the Greeks and the Chinese, 

pondered the nature of existence and the origin of life. Philosophical ideas ranged from 

the concept of a primordial substance (e.g., the Greek notion of the "primal chaos") to 

the idea of spontaneous generation. 

II. Origin of Earth and Solar System: Big Bang Theory 

 Big Bang Theory: The Big Bang theory is the prevailing cosmological model for the 

origin of the universe. It proposes that the universe originated from a hot, dense state 

approximately 13.8 billion years ago. Over time, the universe expanded and cooled, 

leading to the formation of matter and eventually galaxies, stars, and planets. 

 

 Formation of the Solar System: About 4.6 billion years ago, a cloud of gas and dust, 

called the solar nebula, collapsed under its gravity, leading to the formation of the Sun 

at its center. The remaining material in the nebula formed a protoplanetary disk, from 

which planets and other celestial bodies in the solar system, including Earth, accreted. 

III. Primitive Atmosphere and Formation of Macromolecules 

 Primitive Atmosphere: Early Earth's atmosphere is believed to have been very 

different from the present-day atmosphere, likely consisting of gases such as hydrogen, 

methane, ammonia, and water vapor. This atmosphere lacked significant amounts of 

free oxygen (O2). 
 

 Formation of Macromolecules: In this primordial environment, various processes, 

including lightning, UV radiation, and reactions at hydrothermal vents, facilitated the 

synthesis of organic molecules from simple inorganic precursors. This process, known 

as abiogenesis or chemical evolution, eventually led to the formation of complex 

organic molecules, including amino acids, nucleotides, and lipids, which are the 

building blocks of life. 

These early organic molecules likely accumulated in the oceans and underwent further 

chemical reactions, eventually leading to the formation of protocells or other prebiotic 

structures capable of primitive forms of metabolism and replication. This marks the transition 

from non-life to life, though the exact mechanisms and timeline of this transition are still 

subject to ongoing scientific investigation and debate. 
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1.2.  Biological Evolution: Coacervates, Microspheres, formation of 

Nucleic acids, Nucleoproteins 

In the context of biological evolution and the origins of life, coacervates, microspheres, the 

formation of nucleic acids, and nucleoproteins are significant concepts that shed light on the 

early stages of biochemical evolution: 

1. Coacervates: 

* Coacervates are spherical droplets formed from the aggregation of colloidal particles in a 

solution. They are often composed of organic molecules such as proteins, nucleic acids, and 

polysaccharides. 

* Coacervates exhibit some properties associated with living cells, such as selectively 

permeable membranes that can encapsulate other molecules and undergo osmotic processes. 

* The formation of coacervates is believed to have played a role in the concentration and 

encapsulation of biomolecules in the prebiotic environment, potentially providing a conducive 

setting for chemical reactions and the emergence of primitive cellular structures. 

2. Microspheres: 

* Microspheres are small, spherical structures composed of organic molecules that can form 

spontaneously under certain conditions, such as in aqueous solutions containing lipids or 

proteinoids. 

* Similar to coacervates, microspheres possess some cell-like properties, including a lipid 

bilayer membrane that can encapsulate other molecules and compartmentalize biochemical 

reactions. 

* Microspheres are considered model systems for studying the origins of cellular organization 

and the early stages of cellular evolution. They provide insights into how primitive cells might 

have formed and functioned in the absence of modern cellular machinery. 

3. Formation of Nucleic Acids: 

* Nucleic acids, such as DNA and RNA, are essential biomolecules that store and transmit 

genetic information in living organisms. 

* The formation of nucleic acids likely occurred through a series of chemical reactions 

involving simple organic molecules present in the prebiotic environment. 

* Laboratory experiments and simulations have shown that nucleotides, the building blocks of 

nucleic acids, can spontaneously assemble under plausible prebiotic conditions, such as in the 

presence of certain minerals or in hydrothermal vent environments. 

* The synthesis of nucleic acids from precursor molecules represents a critical step in the 

emergence of life, as it provided a means for the storage and replication of genetic information. 
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4. Nucleoproteins: 

* Nucleoproteins are complexes formed by the association of nucleic acids (DNA or RNA) 

with proteins. These complexes play essential roles in various cellular processes, including 

gene expression, DNA replication, and RNA processing. 

* In the early stages of biochemical evolution, nucleoproteins may have been involved in 

primitive forms of genetic regulation and information processing. 

* The association of nucleic acids with proteins likely facilitated the stabilization and functional 

diversification of genetic material, paving the way for the emergence of more complex cellular 

organisms. 

In summary, coacervates, microspheres, the formation of nucleic acids, and nucleoproteins 

represent key milestones in the early evolution of life, providing insights into the processes by 

which simple organic molecules gave rise to the complex biochemical machinery observed in 

modern organisms. 

 

1.2 Formation of primary organisms, evolution of modes of nutrition, oxygen 

revolution, present day atmosphere, evolution of eukaryotes. 

1. Formation of Primary Organisms: 

* The formation of primary organisms, or the origin of life, remains a subject of scientific 

inquiry. Various hypotheses, such as the RNA world hypothesis and the lipid world hypothesis, 

propose scenarios for how the first self-replicating molecules or protocells might have emerged 

from prebiotic chemistry. 

* These early organisms likely existed in environments rich in organic molecules, such as 

amino acids and simple sugars, and might have been capable of basic metabolic processes and 

replication. 

2. Evolution of Modes of Nutrition: 

* As life evolved, organisms diversified in their modes of nutrition. Early organisms likely 

relied on simple organic molecules present in their environment for energy and carbon sources. 

* Over time, photosynthesis evolved, allowing some organisms to harness sunlight to produce 

energy-rich molecules like glucose. This innovation paved the way for the development of 

autotrophic organisms capable of synthesizing their own organic compounds from inorganic 

sources. 

* Heterotrophic organisms evolved to consume organic molecules produced by autotrophs or 

other heterotrophs. 

3. Oxygen Revolution: 

* The oxygen revolution refers to the significant increase in atmospheric oxygen levels that 

occurred around 2.4 billion years ago, primarily as a result of photosynthetic activity by 

cyanobacteria. 
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* Prior to the oxygen revolution, Earth's atmosphere was largely anaerobic, with minimal 

oxygen present. The rise of oxygen had profound effects on the Earth's environment and the 

evolution of life, leading to the extinction of anaerobic organisms unable to tolerate oxygen 

and the proliferation of aerobic organisms that could utilize oxygen for respiration. 

4. Present-Day Atmosphere: 

* Today, Earth's atmosphere is composed primarily of nitrogen (about 78%), oxygen (about 

21%), and trace amounts of other gases, including carbon dioxide, argon, and water vapor. 

* The presence of oxygen in the atmosphere is crucial for aerobic respiration, which is utilized 

by many organisms, including animals and plants, to extract energy from organic molecules. 

* Human activities, such as the burning of fossil fuels and deforestation, have led to an increase 

in atmospheric carbon dioxide levels, contributing to climate change and other environmental 

concerns. 

5. Evolution of Eukaryotes: 

* Eukaryotic cells, which are characterized by membrane-bound organelles such as the nucleus 

and mitochondria, likely evolved from prokaryotic ancestors through a process called 

endosymbiosis. 

* The endosymbiotic theory proposes that mitochondria and chloroplasts, the organelles 

responsible for energy production in eukaryotic cells, originated from ancient symbiotic 

relationships between prokaryotic cells. Over time, these symbiotic partners became integrated 

into the host cell, forming a single, complex organism. 

* The evolution of eukaryotes was a significant milestone in the history of life, leading to the 

emergence of multicellular organisms with increased cellular complexity and specialization. 

These topics highlight key events and processes in the evolutionary history of life on 

Earth, from the origin of the first organisms to the development of complex, multicellular life 

forms. 
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1.4. Experimental evidences in support of Biochemical origin of life (Miller and Urey 

experiment) 

The Miller-Urey experiment, conducted in 1952 by Stanley Miller and Harold Urey at the 

University of Chicago, was a groundbreaking study that provided significant insights into the 

origin of life on Earth. This experiment aimed to test the hypothesis that organic compounds 

necessary for life could be synthesized from simple inorganic precursors under conditions 

thought to resemble those of the early Earth. 

I. Background and Hypothesis 

Abiogenesis and the Primordial Soup Theory 

The concept of abiogenesis posits that life arose naturally from non-living matter. In 

the early 20th century, scientists like Alexander Oparin and J.B.S. Haldane hypothesized that 

the early Earth's atmosphere, rich in methane (CH₄), ammonia (NH₃), hydrogen (H₂), and water 

vapor (H₂O), could have facilitated the formation of simple organic molecules, creating a 

"primordial soup." These molecules could then undergo further reactions, leading to 

increasingly complex compounds and eventually to the first life forms. 

II. The Experiment 

1. Experimental Setup:  

Miller and Urey designed an 

apparatus to simulate the conditions 

of the early Earth's atmosphere and 

oceans: 

a. Simulated Atmosphere: A 

mixture of gases believed to be 

present in the early Earth's 

atmosphere: methane, ammonia, 

hydrogen, and water vapor. 

b. Electrical Sparks: Electrodes 

generated sparks to simulate 

lightning, providing energy to drive 

chemical reactions. 

c. Water Flask: A flask containing water was heated to produce water vapor, mimicking the 

early Earth's oceans. 

d. Condensing Loop: The mixture of gases and water vapor was circulated through a 

condenser, cooling it back to liquid form, allowing any synthesized compounds to collect in a 

trap. 

2. Procedure 

The gases were continuously circulated through the apparatus, and electrical sparks were 

generated to simulate lightning. The experiment ran for a week, during which time the water 

in the trap was periodically analyzed for the presence of organic compounds. 
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3. Results 

After a week, Miller and Urey analyzed the contents of the trap and found that several organic 

compounds had formed, including: 

* Amino Acids: Building blocks of proteins, including glycine, alanine, and aspartic acid. 

* Other Organic Molecules: Various simple organic molecules essential for life processes. 

III. Significance 

The Miller-Urey experiment provided the first experimental evidence that organic 

molecules essential for life could be synthesized from simple inorganic precursors under 

conditions thought to resemble those of the early Earth. This discovery supported the idea that 

the basic building blocks of life could have formed naturally in the primordial environment. 

IV. Implications for the Origin of Life 

1. Support for Abiogenesis: The experiment bolstered the theory of abiogenesis, suggesting 

that life could emerge from non-living chemical processes. 

2. Chemical Evolution: Demonstrated that simple molecules could undergo chemical 

evolution, forming more complex organic compounds over time. 

V. Criticisms and Refinements 

1. Atmospheric Composition: Later research suggested that the early Earth's atmosphere 

might have been less reducing (i.e., contained less hydrogen) than Miller and Urey's model. 

More recent experiments using different gas mixtures still produced organic compounds, 

although in different quantities and compositions. 

2. Complexity of Early Earth: The early Earth environment was likely more complex and 

varied than the simple setup of the Miller-Urey experiment. Factors such as volcanic activity, 

mineral surfaces, and UV radiation could also have played crucial roles in prebiotic chemistry. 
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2.1. Palaeontological and Taxonomical evidences of Evolution 

Palaeontological and taxonomical evidence play crucial roles in supporting the theory 

of evolution. Here's how: 

2.1.1.Palaeontological Evidence: 

* Fossil Record: Fossils provide a record of past life on Earth. By examining fossils found in 

different layers of sedimentary rock, scientists can observe changes in organisms over time. 

Transitional fossils, such as Archaeopteryx (a transitional form between dinosaurs and birds) 

or Tiktaalik (a transitional form between fish and land vertebrates), provide direct evidence of 

evolutionary transitions. 

* Stratigraphy: The arrangement of rock layers (strata) can reveal the relative ages of fossils 

and the order in which different organisms lived. This allows scientists to observe changes in 

organisms over geological time. 

* Radiometric Dating: Techniques like radiocarbon dating and potassium-argon dating allow 

scientists to determine the age of fossils and the rocks they're found in. This helps establish 

timelines for evolutionary events. 

2.1.2.Taxonomical Evidence: 

* Homologous Structures: Similarities in the anatomy of different organisms suggest a 

common ancestry. For example, the pentadactyl limb structure (having five digits) is found in 

mammals, birds, reptiles, and amphibians, indicating a shared evolutionary history. 

* Vestigial Structures: These are anatomical structures that have lost their original function 

but are still present in an organism. For instance, the vestigial hind limbs in whales and the 

human appendix are remnants of structures that were functional in ancestral species. 

* Embryological Development: Similarities in the embryonic development of different 

species provide evidence of common ancestry. For instance, all vertebrate embryos exhibit 

pharyngeal pouches at some stage of development, reflecting their shared evolutionary 

heritage. 

* Biogeography: The distribution of species across different geographic regions can provide 

insights into their evolutionary history. For example, the presence of similar species on 

different continents can be explained by continental drift and the subsequent isolation and 

divergence of populations. 

These lines of evidence collectively support the idea that species have evolved over 

time from common ancestors, forming the foundation of modern evolutionary theory. 
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2.2 Morphological and Anatomical evidences of evolution 

Morphological and anatomical evidence provides crucial support for the theory of 

evolution. These forms of evidence involve the study of the structure and form of organisms, 

both living and extinct, to uncover their evolutionary relationships. By examining similarities 

and differences in body structures, scientists can infer common ancestry and the processes of 

evolutionary change. 

2.2.1. Morphological Evidence 

Morphology refers to the study of the form and structure of organisms. Morphological evidence 

includes comparisons of physical features among different species, revealing patterns of 

similarity that suggest evolutionary relationships. 

1. Homologous Structures: 

* Homologous structures are anatomical features in different species that originate from a 

common ancestor. These structures may serve different functions in modern species but have 

a similar underlying anatomy. 

* Example: The forelimbs of humans, bats, whales, and cats are homologous. Despite their 

different functions (grasping, flying, swimming, walking), these limbs share a common skeletal 

structure, indicating descent from a common ancestor. 

2. Analogous Structures: 

* Analogous structures are features in different species that have similar functions but do not 

derive from a common ancestor. Instead, they result from convergent evolution, where different 

lineages independently evolve similar traits due to similar environmental pressures. 

* Example: The wings of birds and insects are analogous. Both serve the function of flight but 

evolved independently in these two groups, with different anatomical origins. 

3. Vestigial Structures: 

* Vestigial structures are remnants of organs or structures that had a function in an early 

ancestor but are now reduced or unused in modern organisms. 

* Example: The human appendix is a vestigial structure. It is a reduced form of the cecum 

found in some herbivorous ancestors, where it played a role in digesting cellulose. 

Examples 

1. Pentadactyl Limb: The pentadactyl limb (five-digit limb) is a homologous structure found 

in many vertebrates, including amphibians, reptiles, birds, and mammals. The presence of this 

common limb structure suggests that these diverse groups share a common ancestor. 

2. Butterfly and Bird Wings: The wings of butterflies and birds are analogous structures. 

They perform the same function (flight) but evolved independently in insects and vertebrates, 

showcasing convergent evolution. 
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2.2.2. Anatomical Evidence 

Anatomy involves the detailed study of the structure of organisms, often through 

dissection and microscopic examination. Anatomical evidence supports evolution by revealing 

internal similarities among species that are not always apparent from their external 

morphology. 

1. Comparative Anatomy: 

* Comparative anatomy examines the similarities and differences in the anatomy of different 

species to infer evolutionary relationships. 

* Example: The bone structure of vertebrate limbs, the arrangement of muscles, and the layout 

of organ systems often show remarkable similarities among species that share a common 

ancestor. 

2. Embryonic Development: 

* Similarities in the embryonic development of different species provide evidence of common 

ancestry. Many vertebrates, for instance, exhibit similar stages of development, such as the 

formation of pharyngeal pouches and a notochord, indicating a shared evolutionary history. 

3. Developmental Homologies: 

* Developmental homologies refer to similarities in the development processes of different 

organisms. These similarities can reveal common genetic and developmental pathways 

inherited from a common ancestor. 

* Example: The presence of pharyngeal arches in the embryos of fish, reptiles, birds, and 

mammals suggests a shared developmental heritage. 

Examples 

i. Vertebrate Skull Structure: The skulls of vertebrates show homologous bone structures 

despite differences in shape and function. For instance, the same set of bones can be found in 

the skulls of fish, amphibians, reptiles, birds, and mammals, indicating common ancestry. 

ii. Vertebrate Hearts: The hearts of vertebrates display homologous structures with variations 

adapted to their specific lifestyles. Fish have a two-chambered heart, amphibians and reptiles 

typically have a three-chambered heart, and birds and mammals have a four-chambered heart. 

These differences reflect evolutionary adaptations while maintaining a common structural 

framework. 

iii. Gill Slits in Embryos: Gill slits, or pharyngeal pouches, appear in the embryos of all 

vertebrates. In fish, they develop into gills, while in terrestrial vertebrates, they give rise to 

structures in the ear and throat, showcasing their common origin. 
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2.3. Embryological and physiological evidences of evolution 

Embryological and physiological evidence provides compelling support for the theory 

of evolution, demonstrating common ancestry and the processes through which organisms have 

diversified over time. These lines of evidence highlight the similarities and differences in the 

development and functioning of various organisms, offering insights into their evolutionary 

relationships. 

2.3.1. Embryological Evidence 

Embryology, the study of the development of embryos from fertilization to birth, reveals 

remarkable similarities among different species, particularly during the early stages of 

development. These similarities suggest common ancestry and provide evidence for 

evolutionary processes. 

1. Homologous Structures in Embryos: 

* Early embryonic stages of vertebrates show striking similarities. For example, the embryos 

of fish, amphibians, reptiles, birds, and mammals all possess pharyngeal pouches (gill slits) 

and a notochord. 

* These similarities indicate that these diverse groups share a common ancestor and have 

diverged over time through evolutionary processes. 

2. Ontogeny Recapitulates Phylogeny: 

* This historical concept, proposed by Ernst Haeckel, suggests that the development of an 

organism (ontogeny) mirrors the evolutionary history of its species (phylogeny). Although this 

idea is not entirely accurate, it emphasizes that embryonic development can provide clues about 

evolutionary ancestry. 

* For example, human embryos briefly exhibit structures similar to fish gill slits, reflecting our 

distant fish ancestry. 

3. Vestigial Structures in Embryos: 

* Vestigial structures are remnants of features that were functional in ancestral species but are 

reduced or non-functional in current organisms. These structures often appear during 

embryonic development. 

* For instance, human embryos have a tail during early development, which is a vestige of our 

primate ancestry. 

Examples 

1. Pharyngeal Pouches: In fish, these structures develop into gills, while in terrestrial 

vertebrates, they give rise to various structures in the ear and throat. This shared embryonic 

feature points to a common ancestor for all vertebrates. 

2. Limb Development: The embryonic development of limbs in vertebrates follows a similar 

pattern, with the formation of limb buds that develop into homologous structures such as fins, 

wings, legs, or arms, depending on the species. This similarity indicates a common 

evolutionary origin. 
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2.3.2. Physiological Evidence 

Physiology, the study of the functions and processes of living organisms, also provides 

evidence for evolution. Comparative physiology examines how different organisms carry out 

similar life processes, revealing underlying evolutionary relationships. 

1. Homologous Physiological Processes: 

Similar physiological processes in different species suggest common ancestry. For 

example, the basic mechanisms of cellular respiration, involving glycolysis, the Krebs cycle, 

and oxidative phosphorylation, are conserved across all domains of life, indicating a shared 

evolutionary origin. 

2. Comparative Biochemistry: 

The study of biochemical similarities and differences among organisms provides 

insights into evolutionary relationships. For example, the universality of DNA as the genetic 

material and the similarity of genetic codes across species suggest a common origin of life. 

Proteins and enzymes that perform the same functions in different species often have 

similar structures, reflecting their evolutionary conservation. 

3. Vestigial Organs and Structures: 

Vestigial organs are remnants of structures that served important functions in ancestral 

species but are reduced or non-functional in modern organisms. These structures provide 

evidence of evolutionary history and adaptation. 

Examples include the human appendix, which is a reduced version of a larger cecum 

found in some herbivorous ancestors, and the vestigial pelvis and hind limb bones found in 

modern whales, remnants from their land-dwelling ancestors. 

Examples 

1. Cytochrome C: Cytochrome c is a protein involved in the electron transport chain of cellular 

respiration. The amino acid sequence of cytochrome c is highly conserved across different 

species, from yeast to humans. The similarities in this protein’s structure across species reflect 

common ancestry and evolutionary divergence. 

2. Hormonal Functions: Hormones such as insulin and adrenaline function similarly across 

various vertebrates. The presence of these hormones and their receptors in different species 

indicates an evolutionary conservation of endocrine system mechanisms. 

3. Comparative Anatomy of the Heart: The basic structure of the heart is conserved across 

vertebrates, from the two-chambered heart of fish to the four-chambered heart of mammals and 

birds. This progression reflects evolutionary modifications to meet the metabolic demands of 

different organisms. 
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2.4. Evidences from connecting links, missing links and bio geographical 

distribution 

The theory of evolution is supported by a wide range of evidence from various fields 

of biology. Three significant sources of evidence are connecting links, missing links, and 

biogeographical distribution. Each provides unique insights into the evolutionary processes 

that have shaped life on Earth. 

2.4.1. Connecting Links 

Connecting links are organisms that possess characteristics of two distinct groups, 

illustrating the evolutionary transition between them. These organisms provide direct evidence 

for common ancestry and the gradual nature of evolutionary change. 

Examples 

1. Archaeopteryx:  

This fossil exhibits features of both reptiles and birds. It has teeth and a long bony tail like 

reptiles, but also possesses feathers and wings like birds. 

Significance: Archaeopteryx is often considered a transitional form between non-avian 

dinosaurs and birds, supporting the idea that birds evolved from theropod dinosaurs. 

2. Tiktaalik:  

Tiktaalik has features of both fish and tetrapods. It has fins with bones that resemble the limb 

bones of tetrapods, and a flat head and neck similar to early land vertebrates. 

Significance: Tiktaalik provides evidence for the transition from aquatic to terrestrial life, 

illustrating how early vertebrates adapted to land environments. 

3. Eusthenopteron:  

This lobe-finned fish shows a combination of fish-like and amphibian-like features. It has fins 

with bones similar to those in the limbs of amphibians. 

Significance: Eusthenopteron is considered a connecting link between fish and the first 

amphibians, demonstrating an early stage in the evolution of vertebrates capable of living on 

land. 

2.4.2. Missing Links 

Missing links are hypothetical evolutionary intermediates that have not yet been 

discovered in the fossil record but are predicted to exist based on evolutionary theory. The term 

often refers to gaps in the fossil record where transitional forms are expected to be found. 

Importance:  

Filling Evolutionary Gaps: Discovering missing links can provide direct evidence of 

evolutionary transitions, helping to fill gaps in our understanding of the evolutionary history 

of various lineages. 
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Examples of Discovery: 

1. Australopithecus:  

Once considered a missing link between apes and humans, fossils of Australopithecus species 

like "Lucy" provide key insights into human evolution. 

2. Homo naledi:  

Discovered in South Africa, Homo naledi exhibits a mix of primitive and modern traits, helping 

to bridge gaps in the human evolutionary timeline. 

Significance 

* The discovery of missing links strengthens the evolutionary framework by providing tangible 

evidence of predicted transitional forms. 

* Missing links highlight the incomplete nature of the fossil record and the ongoing nature of 

paleontological research. 

2.4.3. Biogeographical Distribution 

Biogeography is the study of the geographical distribution of living organisms and 

fossils. Patterns of distribution provide evidence for evolution, particularly when considering 

the historical movement of continents and the isolation of populations. 

1. Continental Drift: * The theory of plate tectonics explains how continents have moved over 

geological time. This movement has influenced the distribution and evolution of species. 

* Example: The presence of similar fossil species on widely separated continents, such as South 

America and Africa, supports the idea that these continents were once connected. 

2. Island Biogeography: * Islands often serve as natural laboratories for studying evolution. 

The unique species found on islands illustrate adaptive radiation and speciation. 

* Example: The finches of the Galápagos Islands, studied by Charles Darwin, demonstrate how 

isolation and different environmental pressures can lead to the evolution of distinct species. 

3. Endemism: * Endemic species are those found only in a specific geographical location. The 

study of endemic species can reveal historical patterns of evolution and migration. 

* Example: Marsupials in Australia and South America illustrate how the isolation of these 

land masses led to the evolution of unique mammalian lineages. 

Examples 

1. Darwin’s Finches: On the Galápagos Islands, Darwin observed finches with a variety of 

beak shapes, each adapted to different food sources. Significance: This diversity supports the 

idea of adaptive radiation, where a common ancestor gives rise to multiple species adapted to 

different ecological niches. 

2. Wallace’s Line: Alfred Russel Wallace identified a biogeographical boundary (Wallace's 

Line) between the fauna of Asia and Australia. Significance: The distinct differences in species 

on either side of the line support the idea of historical separation and independent evolution. 
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3.1. Lamarckism, Neo Lamarckism 

Lamarckism, named after the French naturalist Jean-Baptiste Lamarck, is one of the early 

theories of evolution. Although largely supplanted by Darwinian Theory and modern genetics, 

it holds historical significance in the study of evolutionary biology. Neo-Lamarckism refers to 

the revival and modification of Lamarck's ideas in the context of new scientific discoveries. 

I. Lamarckism:   Key Principles of Lamarckism 

1. Use and Disuse: Lamarck proposed that organisms develop characteristics through the use 

and disuse of organs. For example, the frequent use of a particular organ strengthens and 

enlarges it, while disuse leads to its deterioration. 

2. Inheritance of Acquired Characteristics: According to Lamarck, traits acquired during an 

organism's lifetime could be passed on to its offspring. For instance, if an organism developed 

a certain skill or physical trait in response to its environment, this trait could be inherited by its 

descendants. 

3. Complexity and Progress: Lamarck believed that life started simple and became 

increasingly complex over time due to an inherent drive towards perfection and complexity. 

This idea suggested a linear progression of evolutionary changes. 

II. Examples of Lamarckian Evolution 

a. Giraffe's Neck: Lamarck hypothesized that giraffes' long necks evolved because their 

ancestors stretched their necks to reach leaves in tall trees. This acquired trait was then passed 

down to subsequent generations.  

b. Webbed Feet in Aquatic Birds: He suggested that webbed feet in aquatic birds developed 

because these birds stretched their toes to swim more efficiently, and this trait was inherited by 

their offspring. 

III. Criticisms of Lamarckism 

a. Lack of Empirical Evidence: Lamarck's theory lacked solid empirical evidence. The 

inheritance of acquired traits could not be substantiated through experiments or observations. 

b. Weismann's Experiment: August Weismann conducted experiments where he cut off the 

tails of mice for several generations, and found that the offspring still had tails, refuting the 

idea that acquired characteristics could be inherited. 

IV. Neo-Lamarckism 

Emergence of Neo-Lamarckism 

Neo-Lamarckism emerged in the late 19th and early 20th centuries as a response to the growing 

body of evidence against traditional Lamarckism. It attempted to integrate Lamarck's ideas 

with new scientific findings. 

Key Aspects of Neo-Lamarckism 

1. Epigenetics: Modern studies in epigenetics have shown that environmental factors can 

influence gene expression, and some of these changes can be inherited. While not a direct 
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inheritance of acquired traits in the Lamarckian sense, it shows that the environment can have 

a heritable impact on an organism's phenotype. 

2. Adaptive Responses: Neo-Lamarckism posits that organisms can adapt to their 

environments through direct responses, and these adaptive traits can have a genetic basis that 

can be passed to the next generation. 

3. Soft Inheritance: The concept of soft inheritance suggests that while the genome itself may 

not change, the expression of genes can be altered by environmental influences and these 

changes can be transmitted to offspring. 

V. Examples of Neo-Lamarckian Concepts 

a. Transgenerational Epigenetic Inheritance: Studies have shown that certain environmental 

stressors, such as diet or toxins, can cause epigenetic changes in organisms that are passed on 

to their descendants, influencing their health and development. 

b. Behavioral Inheritance: Some researchers argue that learned behaviors and cultural 

practices in animals and humans can have evolutionary implications, as these behaviors can 

influence survival and reproduction and be passed down through generations. 

VI. Differences between Lamarckism and Neo-Lamarckism 

a. Mechanism of Inheritance: Lamarckism suggests direct inheritance of acquired 

characteristics. Neo-Lamarckism incorporates modern understandings of genetics and 

epigenetics, proposing that environmental factors can influence gene expression in ways that 

may be heritable. 

b. Empirical Support: Neo-Lamarckism is supported by empirical evidence from studies in 

epigenetics, whereas traditional Lamarckism was largely speculative and lacked experimental 

validation. 
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3.2. Germplasm theory - August Weismann 

I. Historical Context 

August Weismann was a German biologist whose work in the late 19th century 

significantly advanced the understanding of heredity and evolution. Weismann's most famous 

experiment involved cutting off the tails of mice for several generations. He observed that tail 

length in subsequent generations remained unchanged, providing empirical evidence against 

the inheritance of acquired traits. This experiment was crucial in discrediting Lamarckian 

inheritance and supporting the idea that only germ cells influence heredity. 

II. Key Components of the Germplasm Theory 

1. Germplasm vs. Somatoplasm: 

Germplasm: This refers to the genetic material contained in the reproductive cells (gametes) 

- sperm and eggs. According to Weismann, the germplasm is responsible for transmitting 

hereditary information from one generation to the next. 

Somatoplasm: This represents the rest of the body's cells, or somatic cells, which do not 

contribute to heredity. Changes in somatoplasm do not affect the germplasm and therefore 

cannot be inherited. 

2. Continuity of the Germplasm: 

Weismann proposed that the germplasm is continuous and unaltered from one generation to 

the next. The germ cells (gametes) contain this germplasm and ensure the transmission of 

hereditary information. 

3. Non-Inheritance of Acquired Characteristics: 

One of the most critical aspects of Weismann's theory is the rejection of the inheritance of 

acquired characteristics. Contrary to Lamarck's earlier hypothesis, which suggested that traits 

acquired during an organism's lifetime could be passed on to offspring, Weismann argued that 

only the information contained in the germplasm is inherited. 

III. Significance of the Germplasm Theory 

1. Foundation for Modern Genetics: By distinguishing between germ cells and somatic cells, 

Weismann's theory set the stage for the understanding that genes are the units of heredity 

carried in the DNA of reproductive cells. 

2. Support for Natural Selection: Weismann's theory provided strong support for Charles 

Darwin's theory of natural selection. It clarified how hereditary information is passed on, 

reinforcing the idea that natural selection acts on genetic variation rather than acquired traits. 

3. Influence on Evolutionary Biology: The Germplasm Theory influenced subsequent 

research in evolutionary biology, particularly the Modern Synthesis of the early 20th century, 

which integrated Darwinian evolution with Mendelian genetics. 

4. Concept of Genetic Determinism: Weismann’s ideas contributed to the concept of genetic 

determinism, where the genotype is seen as determining the phenotype, although later research 

has shown that the environment also plays a significant role. 
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3.3. Darwinism: The Theory of Natural Selection 

Darwinism, also known as the Theory of Natural Selection, was formulated by Charles 

Darwin in his seminal work, "On the Origin of Species" published in 1859. This theory 

revolutionized our understanding of the biological processes driving the diversity of life. Here 

are the core principles and key concepts of Darwin's theory: 

I. Core Principles of Natural Selection 

1. Variation: Individuals within a species exhibit variation in physical and behavioral traits. 

These variations are often heritable, meaning they can be passed from one generation to the 

next. 

2. Overproduction: Organisms produce more offspring than can survive due to limited 

resources such as food, space, and mates. 

3. Competition: Because resources are limited, organisms must compete for survival. This 

competition may be direct, such as fighting for territory, or indirect, such as more efficient use 

of available resources. 

4. Survival of the Fittest: Individuals with traits that give them an advantage in their 

environment are more likely to survive and reproduce. "Fittest" refers to those best adapted to 

their environment, not necessarily the strongest physically. 

5. Reproduction: Successful individuals pass their advantageous traits to their offspring. Over 

time, these traits become more common in the population. 

6. Descent with Modification: Over many generations, the accumulation of these 

advantageous traits leads to changes in the population, potentially giving rise to new species. 

This process is gradual and occurs over long periods. 

II. Examples of Natural Selection 

Peppered Moths: Before the Industrial Revolution in England, light-colored peppered moths 

were more common because they blended in with the lichen-covered trees. During 

industrialization, soot darkened the trees, and dark-colored moths had a survival advantage, 

leading to an increase in their population. 

Darwin’s Finches: On the Galápagos Islands, finch species have different beak shapes suited 

to their specific diets. During droughts, finches with beak shapes that could access limited food 

resources more efficiently had a survival advantage, leading to changes in beak shape 

distribution in the population. 

III. Criticisms of Darwinism or natural selection theory 

* Darwin did not mention vestigial organs, which are found in animals. 

* The role of mutation in the origin of new species is not included.  

* Variation, whether genetic or somatic, because only genetic variations are heredity. 

* Darwin’s theory became a failure in Human being due to these reasons; the human population 

never becomes constant, not only struggling for existence other also continuing life cycles like 

beggars, and instead of survival, the fitness in man only arrival become most fitted. 
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IV. There are three types of natural selection that can occur in nature, and those three types 

are as follows: Directional selection, Stabilizing selection  and Disruptive selection  

1. Directional or Progressive Selection: In this, the population changes towards one particular 

direction as there is a change in environment. As the environment is undergoing continuous 

change, the organisms having acquired new characters survive, and rests are eliminated 

2. Stabilizing or Balancing Selection: It leads to the elimination of organisms having extreme 

expression. It maintains the homogenous population which is constant. It favors the normal 

phenotypes. 

3. Disruptive or diversifying Selection: It is a type of natural selection that favours the 

expression of certain traits to increase that variance in a population. It breaks a homogenous 

population into many different forms and results in balanced polymorphism 
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3.4 Modern synthetic theory of evolution (Neo Darwinism) 

The Modern Synthetic Theory of Evolution, also known as the Modern Synthesis or 

Neo-Darwinian Synthesis, is a comprehensive and integrated framework that combines 

Darwin's theory of natural selection with Mendelian genetics and other biological disciplines 

to explain the mechanisms of evolution.  

I. Historical Context and Contributions 

Founding Scientists: The Modern Synthesis was developed through the collaborative efforts 

of several scientists, including Ronald Fisher, J.B.S. Haldane, Sewall Wright, Theodosius 

Dobzhansky, Ernst Mayr, George Gaylord Simpson, and Julian Huxley. 

These scientists integrated findings from genetics, paleontology, systematics, and other 

fields to form a unified theory of evolution.  

It reconciled Darwinian evolution with Mendelian genetics, showing that mutation and 

recombination provide the raw material for natural selection. 

II. Key Components of the Modern Synthetic Theory of Evolution 

1. Genetic Variation: 

* Genetic variation within a population is essential for evolution and arises through mutations, 

gene flow (migration), and recombination during sexual reproduction. 

* Mutations are changes in the DNA sequence and are the primary source of new genetic 

variations. 

* Recombination during meiosis creates new combinations of alleles, contributing to genetic 

diversity. 

2. Natural Selection: 

* Natural selection is the process by which certain traits become more common in a population 

because they increase an organism's chances of survival and reproduction. 

* Individuals with advantageous traits are more likely to survive and reproduce, passing those 

traits to the next generation. 

3. Genetic Drift: 

* Genetic drift refers to random changes in allele frequencies due to chance events, which can 

have a significant impact, especially in small populations. 

* Genetic drift can lead to the fixation or loss of alleles independent of their adaptive value. 

4. Gene Flow: 

* Gene flow, or migration, involves the movement of individuals and their genetic material 

between populations. 

* It introduces new alleles into a population, increasing genetic diversity and potentially 

introducing beneficial traits. 
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5. Population Genetics: 

* Population genetics is the study of how allele frequencies in a population change over time 

under the influence of evolutionary forces. 

* It provides mathematical models to describe how selection, mutation, genetic drift, and gene 

flow interact to shape genetic variation. 

III. Principles and Concepts 

1. Hardy-Weinberg Equilibrium: 

* The Hardy-Weinberg principle describes a non-evolving population where allele frequencies 

remain constant over generations in the absence of evolutionary forces. 

* It serves as a null model to detect if and how populations are evolving. 

2. Adaptation and Fitness: 

* Adaptation is the process through which organisms become better suited to their 

environment. 

* Fitness is a measure of an organism's reproductive success and its contribution to the next 

generation's gene pool. 

3. Speciation: 

* Speciation is the process by which new species arise. 

* It can occur through mechanisms such as geographic isolation (allopatric speciation), 

reproductive isolation (sympatric speciation), and polyploidy (common in plants). 

4. Evolutionary Developmental Biology (Evo-Devo): 

* Evo-Devo studies how changes in development processes influence evolutionary changes. 

* It integrates developmental biology with evolutionary theory to explain the origin of new 

forms and structures. 

5. Molecular Evolution: 

* Molecular evolution examines the genetic changes at the DNA and protein levels that 

contribute to evolutionary processes. 

* It helps understand the genetic basis of adaptation, speciation, and phylogenetic relationships. 

IV. Impact and Modern Developments 

The Modern Synthesis remains the foundation of evolutionary biology, shaping our 

understanding of how life evolves. Ongoing research and new discoveries, such as insights 

from genomics, epigenetics, and horizontal gene transfer, continue to expand and refine the 

theory.  

Modern evolutionary theory incorporates these new findings, emphasizing the 

importance of integrating molecular biology, developmental biology, and ecology to fully 

understand the complexity of evolutionary processes. 
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4.1. Variations-types-sources of variations- importance in evolution 

Variation refers to the differences in the genetic makeup and physical traits among 

individuals within a population. These variations are crucial for the process of evolution as they 

provide the raw material upon which natural selection can act. Here, we'll explore the types of 

variations, their sources, and their importance in evolution. 

I. Types of Variations 

1. Genotypic Variation: Differences in the genetic makeup of individuals. 

Point Mutations: Changes in a single nucleotide base in the DNA sequence. 

Insertions and Deletions: Additions or losses of nucleotide bases. 

Gene Duplication: Copies of a gene are made. 

Chromosomal Variations: Changes in the structure or number of chromosomes (e.g., 

inversions, translocations, aneuploidy). 

2. Phenotypic Variation: Differences in the physical and physiological traits of organisms, 

which can result from genetic variation and environmental influences. 

Morphological Variations: Differences in the form and structure of organisms (e.g., 

beak shape in birds). 

Physiological Variations: Differences in the metabolic or functional processes (e.g., 

lactose tolerance in humans). 

Behavioral Variations: Differences in the behavior of organisms (e.g., mating rituals, 

feeding habits). 

II. Sources of Variations 

1. Mutations: 

Spontaneous Mutations: Occur naturally without any external influence due to errors in DNA 

replication or repair. 

Induced Mutations: Result from exposure to environmental factors such as radiation, 

chemicals, or viruses. 

2. Genetic Recombination: 

Sexual Reproduction: During meiosis, crossing over and independent assortment of 

chromosomes create new combinations of alleles. 

Fertilization: The combination of genetic material from two parents creates genetic diversity 

in offspring. 

3. Gene Flow: 

Migration: The movement of individuals between populations can introduce new alleles into 

a population, increasing genetic diversity. 

4. Genetic Drift: 

Bottleneck Effect: A sharp reduction in population size due to environmental events or 

catastrophes can result in a loss of genetic diversity. 
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Founder Effect: When a small group of individuals establishes a new population, the genetic 

diversity of the new population is limited to that of the founders. 

III. Importance of Variations in Evolution 

1. Raw Material for Natural Selection: Variations provide the genetic diversity needed 

for natural selection to operate. Without variation, there would be no differential 

survival and reproduction among individuals, and evolution would not occur. 

2. Adaptation: Variations can lead to traits that enhance an organism's ability to survive 

and reproduce in its environment. For example, variations in beak size and shape in 

Darwin's finches allow them to exploit different food sources. 

3. Speciation: Variations can accumulate over time and lead to the formation of new 

species. When populations of the same species become isolated, they can evolve 

independently through variations in their genetic makeup, eventually leading to 

speciation. 

4. Survival in Changing Environments: Genetic variation allows populations to adapt 

to changing environmental conditions. This adaptability increases the likelihood of 

survival in the face of new challenges such as climate change, habitat destruction, and 

emerging diseases. 

5. Maintenance of Population Health: Genetic diversity within a population helps 

maintain the overall health and resilience of the population. It reduces the likelihood of 

genetic disorders caused by inbreeding and increases the ability to respond to 

environmental changes. 

IV. Examples of Variation and Evolution 

1. Peppered Moth (Biston betularia): In industrial areas of England during the Industrial 

Revolution, darker (melanic) forms of the peppered moth became more common due 

to pollution darkening tree bark, making the lighter moths more visible to predators. 

This is a classic example of natural selection acting on phenotypic variation. 

2. Antibiotic Resistance in Bacteria: Variations in bacterial populations can lead to some 

individuals being resistant to antibiotics. When antibiotics are used, resistant bacteria 

survive and reproduce, leading to the evolution of antibiotic-resistant strains. 

3. Sickle Cell Anemia: The sickle cell allele provides a survival advantage in malaria-

endemic regions because heterozygous individuals (carriers) have some resistance to 

malaria. This is an example of a balanced polymorphism maintained by natural 

selection. 
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4.2. Mutations, classification, causes, and significance in evolution 

Mutations are changes in the DNA sequence of an organism's genome. They are a 

fundamental source of genetic variation and play a critical role in evolution.  

I. Classification of Mutations 

1. Based on the Type of Genetic Change: 

Point Mutations: Changes in a single nucleotide base pair. 

* Substitutions: One nucleotide is replaced by another. 

   Transitions: A purine replaces another purine (A ↔ G) or a pyrimidine replaces another 

pyrimidine (C ↔ T). 

   Transversions: A purine is replaced by a pyrimidine or vice versa (A or G ↔ C or T). 

* Insertions: One or more nucleotide base pairs are added to the DNA sequence. 

* Deletions: One or more nucleotide base pairs are removed from the DNA sequence. 

2. Based on the Effect on Protein Function: 

* Silent Mutations: Changes in DNA sequence that do not affect the amino acid sequence of 

the protein. 

* Missense Mutations: Changes that result in the substitution of one amino acid for another in 

the protein. 

* Nonsense Mutations: Changes that create a premature stop codon, leading to a truncated 

protein. 

* Frameshift Mutations: Insertions or deletions that alter the reading frame of the gene, 

potentially altering the entire downstream amino acid sequence. 

3. Based on the Origin: 

* Spontaneous Mutations: Occur naturally without any external influence, often due to errors 

in DNA replication or repair. 

* Induced Mutations: Result from exposure to external agents (mutagens) such as chemicals, 

radiation, or viruses. 

4. Based on the Scale of Change: 

* Gene Mutations: Affect a single gene. 

* Chromosomal Mutations: Involve large segments of chromosomes, affecting many genes. 

Duplications: Sections of a chromosome are duplicated. 

Deletions: Sections of a chromosome are lost. 

Inversions: Sections of a chromosome are reversed. 

Translocations: Sections of one chromosome are transferred to another. 

 

 

 

Page 23 of 38



SEM III:  U4:      COURSE 8: EVOLUTION AND ZOOGEOGRAPHY  K HARISH BABU 

II. Causes of Mutations 

* Errors during DNA Replication: Mistakes made by DNA polymerase can lead to 

mismatches that, if not corrected, result in mutations. 

* Errors during DNA Repair: Faulty repair of damaged DNA can introduce mutations. 

* Exposure to Mutagens: 

Chemical Mutagens: Substances like benzene, formaldehyde, and certain pesticides 

can cause changes in DNA structure. 

Physical Mutagens: Radiation such as ultraviolet light, X-rays, and gamma rays can 

damage DNA and cause mutations. 

Biological Agents: Certain viruses can insert their own genetic material into the host 

genome, causing mutations. 

* Environmental Factors: 

Pollution: Chemicals in the environment can act as mutagens. 

Diet: Certain dietary components can influence the rate of mutations. 

III. Significance in Evolution 

* Source of Genetic Variation: Mutations are the primary source of genetic variation in 

populations, providing the raw material for evolution. 

* Natural Selection: Beneficial mutations can confer advantageous traits that increase an 

organism’s fitness, making it more likely to survive and reproduce. These advantageous traits 

can become more common in a population over time. 

* Adaptation: Mutations can lead to new adaptations that allow organisms to better survive in 

their environments. For example, mutations that confer antibiotic resistance in bacteria. 

* Speciation: Accumulation of genetic differences due to mutations can lead to the formation 

of new species. When populations become genetically distinct enough, they may no longer 

interbreed, resulting in speciation. 

* Genetic Diversity: Mutations contribute to the genetic diversity of a population, which is 

crucial for the long-term survival and adaptability of species. Diverse gene pools are better able 

to adapt to changing environments and resist diseases. 

* Evolutionary Innovations: Some mutations can lead to significant evolutionary innovations, 

such as the development of new structures or functions. For example, the evolution of the 

vertebrate eye or the development of flight in birds. 

IV. Examples of Mutations in Evolution 

* Sickle Cell Anemia: A point mutation in the hemoglobin gene causes red blood cells to 

become sickle-shaped. This mutation provides resistance to malaria, demonstrating a balance 

between negative and positive selection. 

* Lactose Tolerance: Mutations in regulatory regions of the lactase gene allow some human 

populations to digest lactose into adulthood, an adaptation to dairy farming. 

* Antibiotic Resistance in Bacteria: Mutations in bacterial genomes can confer resistance to 

antibiotics, allowing resistant bacteria to survive and proliferate in the presence of the drug. 

Page 24 of 38



SEM III:  U4:      COURSE 8: EVOLUTION AND ZOOGEOGRAPHY  K HARISH BABU 

4.3. Isolation mechanisms-role in evolution 

Isolation mechanisms are processes that prevent different populations or species from 

interbreeding. These mechanisms are crucial in the formation of new species (speciation) and 

play a significant role in maintaining the genetic distinctiveness of species. There are various 

types of isolation mechanisms, which can be broadly categorized into prezygotic and 

postzygotic barriers.  

1. Prezygotic Isolation Mechanisms:  

Prezygotic barriers prevent fertilization and the formation of a zygote. 

i. Geographical (Ecological) Isolation: Populations are separated by physical barriers such as 

mountains, rivers, or distance. 

Role: Prevents gene flow between populations, leading to divergent evolution. For example, 

the Grand Canyon separates populations of the Kaibab and Abert’s squirrels. 

ii. Temporal Isolation: Populations breed at different times (seasons, times of day, or years). 

Role: Prevents interbreeding due to differences in mating periods. For example, different 

species of frogs may breed in different seasons. 

iii. Behavioral Isolation: Differences in mating behaviors or rituals prevent interbreeding. 

Role: Ensures that mating occurs only between members of the same species. For example, 

different bird species have unique songs and mating dances. 

iv. Mechanical Isolation: Differences in reproductive structures prevent successful mating. 

Role: Physical incompatibility prevents species from interbreeding. For example, certain 

flowers have shapes that only specific pollinators can access. 

v. Gametic Isolation: Sperm and egg cells are incompatible, preventing fertilization. 

Role: Ensures that even if mating occurs, the gametes will not fuse. For example, sea urchins 

release sperm and eggs into the water, but species-specific proteins prevent cross-species 

fertilization. 

2. Postzygotic Isolation Mechanisms:   

Postzygotic barriers occur after fertilization, affecting the viability or fertility of the hybrid 

offspring. 

i. Hybrid Inviability: Hybrid embryos do not develop properly, or hybrids do not survive to 

reproductive age. 

Role: Prevents the formation of viable offspring. For example, hybrids between different 

species of frogs often do not develop correctly and die at an early stage. 

ii. Hybrid Sterility: Hybrids are sterile and cannot reproduce. 

Role: Ensures that even if hybrids are viable, they cannot pass on their genes. For example, 

mules (a hybrid of a horse and a donkey) are sterile. 
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iii. Hybrid Breakdown: Hybrids are fertile but their offspring are inviable or sterile. 

Role: Limits the spread of hybrid genes across generations. For example, some hybrid plants 

produce offspring that are weak and do not survive. 

3. Role of Isolation Mechanisms in Evolution 

i. Speciation: Isolation mechanisms are fundamental in the process of speciation, where new 

species arise from existing ones. By preventing gene flow between populations, these 

mechanisms allow genetic differences to accumulate, leading to the development of new 

species. 

ii. Adaptive Radiation: In environments with diverse habitats, isolation mechanisms can lead 

to adaptive radiation, where a single ancestral species gives rise to multiple species, each 

adapted to a different niche. For example, Darwin’s finches on the Galápagos Islands evolved 

from a common ancestor into multiple species with different beak shapes and sizes, adapted to 

various food sources. 

iii. Maintaining Species Integrity: Isolation mechanisms help maintain the genetic integrity 

of species by preventing hybridization. This is crucial for preserving adaptations that are 

specific to particular environments. For instance, behavioral isolation ensures that species with 

specific mating rituals do not produce hybrids that may not be suited to any particular 

environment. 

iv. Genetic Divergence: Over time, isolated populations accumulate genetic differences due 

to mutations, genetic drift, and natural selection. These genetic changes can lead to adaptations 

that are beneficial in specific environments, contributing to the diversity of life forms. 

v. Ecological Speciation: Different environments exert different selective pressures, leading 

to ecological speciation where new species emerge as populations adapt to distinct ecological 

niches. For example, cichlid fish in African lakes have diversified into many species, each 

adapted to different feeding strategies and habitats. 

4. Examples of Isolation Mechanisms in Nature 

 Geographical Isolation in Squirrels: The Kaibab and Abert’s squirrels on opposite 

sides of the Grand Canyon are an example of how physical barriers can lead to 

speciation. 

 Temporal Isolation in Frogs: Different species of frogs that breed in different seasons 

illustrate how temporal isolation can prevent interbreeding. 

 Behavioral Isolation in Birds: The unique mating calls of different bird species, such 

as the Eastern and Western Meadowlarks, prevent them from interbreeding despite 

overlapping ranges. 

 Mechanical Isolation in Plants: Flowers with specialized shapes that only allow 

certain pollinators access, like some orchid species, demonstrate mechanical isolation. 
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4.4. Sewall wright effect, Hardy Weinberg Principle 

The Sewall Wright effect (genetic drift) and the Hardy-Weinberg Principle are 

fundamental concepts in understanding genetic variation and evolutionary processes. Genetic 

drift highlights the role of random events in shaping allele frequencies, especially in small 

populations, while the Hardy-Weinberg Principle provides a framework for predicting and 

analyzing genetic variation in the absence of evolutionary forces. Both concepts are essential 

for studying how populations evolve over time and for identifying the factors that drive 

evolutionary change. 

4.4.1. Sewall Wright Effect (Genetic Drift) 

The Sewall Wright effect, more commonly known as genetic drift, refers to the random 

fluctuations in allele frequencies within a population over time due to chance events. Named 

after the American geneticist Sewall Wright, who was one of the primary developers of the 

concept, genetic drift is a fundamental mechanism of evolution, particularly in small 

populations. 

1. Random Changes in Allele Frequencies:  

Genetic drift causes allele frequencies to change randomly from one generation to the next. 

Unlike natural selection, which is non-random and driven by environmental pressures, genetic 

drift is entirely stochastic. 

2. Impact on Small Populations: 

The effects of genetic drift are more pronounced in small populations because random 

events can have a larger impact when there are fewer individuals. In large populations, these 

random changes tend to average out, reducing the overall impact of drift. 

3. Loss of Genetic Variation: 

Over time, genetic drift can lead to the loss of genetic variation within a population. Alleles 

can become fixed (reach a frequency of 1) or lost (reach a frequency of 0) purely by chance. 

4. Founder Effect: 

A specific case of genetic drift where a new population is established by a small number of 

individuals from a larger population. The new population may have a different allele frequency 

than the original population, leading to reduced genetic diversity. 

5. Bottleneck Effect: 

Another specific case of genetic drift where a population undergoes a dramatic 

reduction in size due to a catastrophic event. The surviving population may have different allele 

frequencies than the original population, resulting in a loss of genetic diversity. 

Example of Genetic Drift: Consider a population of beetles with two alleles for color: A 

(green) and a (brown). In a small population, random events (e.g., a storm killing a portion of 

the population) could disproportionately affect one color. Over successive generations, these 

random changes can lead to the green allele becoming more common or even fixed, while the 

brown allele may be lost entirely, regardless of any selective advantage. 
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4.4.2. Hardy-Weinberg Principle 

The Hardy-Weinberg Principle is a foundational concept in population genetics that 

describes a state of genetic equilibrium within a population. Formulated independently by G. 

H. Hardy and Wilhelm Weinberg in 1908, the principle provides a mathematical model for 

studying genetic variation in populations. 

Concepts of the Hardy-Weinberg Principle 

1. Allele and Genotype Frequencies: In a large, randomly mating population with no 

evolutionary forces acting on it (no mutation, migration, selection, or genetic drift), the allele 

and genotype frequencies will remain constant from generation to generation. 

2. Equilibrium Equations: For a gene with two alleles, A and a, the principle is expressed 

with the following equations: 

Allele Frequencies: p + q = 1, where p is the frequency of allele A and q is the frequency of 

allele a. 

Genotype Frequencies: p² + 2pq + q² = 1, where p² is the frequency of genotype AA, 2pq is 

the frequency of genotype Aa, and q² is the frequency of genotype aa. 

3. Conditions for Hardy-Weinberg Equilibrium: 

* No mutation: Alleles do not change. 

* No migration: No new alleles are introduced or lost through gene flow. 

* No selection: All genotypes have equal chances of survival and reproduction. 

* Random mating: Mating occurs without any preference for particular genotypes. 

* Large population size: Genetic drift is negligible. 

4. Significance in Evolution 

1. Baseline for Measuring Evolution:  The Hardy-Weinberg Principle serves as a null model 

against which real population data can be compared. Deviations from Hardy-Weinberg 

equilibrium can indicate that evolutionary forces are acting on the population. 

2. Predicting Genotype Frequencies: The principle allows scientists to predict the expected 

frequencies of genotypes in a population based on observed allele frequencies. This is 

particularly useful in understanding the genetic structure of populations and in conservation 

genetics. 

3. Detection of Evolutionary Forces:  By comparing observed genotype frequencies with 

those expected under Hardy-Weinberg equilibrium, researchers can infer the presence and 

strength of evolutionary forces such as natural selection, genetic drift, gene flow, and mutation. 

Example of Hardy-Weinberg Equilibrium: Imagine a population of 1000 individuals with 

two alleles for a gene, B and b. If the frequency of allele B (p) is 0.6 and the frequency of allele 

b (q) is 0.4, the expected genotype frequencies under Hardy-Weinberg equilibrium are: 

BB: p² = (0.6)² = 0.36        Bb: 2pq = 2(0.6)(0.4) = 0.48        bb: q² = (0.4)² = 0.16 

Thus, in a population of 1000 individuals, we would expect 360 BB, 480 Bb, and 160 bb 

individuals if the population is in Hardy-Weinberg equilibrium. 

Page 28 of 38



SEM III U5:              COURSE 8: EVOLUTION AND ZOOGEOGRAPHY  K HARISH BABU 

5.1. Animal distribution and barriers of distribution 

Animal distribution refers to the geographical areas where animal species live, breed, 

and carry out their life processes. The distribution of animals is influenced by a variety of 

factors, including environmental conditions, availability of resources, and historical events. 

Barriers of distribution are obstacles that prevent species from spreading to new areas. These 

barriers can be physical, biological, or climatic. Here, we’ll explore the factors affecting animal 

distribution and the various types of barriers. 

Factors Influencing Animal Distribution 

1. Environmental Conditions: 

* Climate: Temperature, precipitation, humidity, and seasonality directly affect the habitats 

animals can occupy. 

* Topography: Mountains, valleys, and plains create different habitats and microclimates, 

influencing species distribution. 

* Soil and Vegetation: The type of soil and the vegetation it supports can affect the availability 

of food and shelter for animals. 

2. Resource Availability: 

* Food: The presence of suitable food sources is crucial for the survival and reproduction of 

animal species. 

* Water: Access to water is a fundamental requirement for most animal species. 

* Shelter: Animals need appropriate shelter for protection from predators and harsh 

environmental conditions. 

3. Biotic Interactions: 

* Predation: The presence of predators can limit the distribution of prey species. 

* Competition: Competition for resources can restrict the range of species. 

* Symbiosis: Mutualistic relationships can influence where species are found (e.g., pollinators 

and flowering plants). 

4. Historical and Evolutionary Factors: 

* Continental Drift: The movement of tectonic plates has historically separated and brought 

together landmasses, influencing animal distribution. 

* Glaciation Events: Ice ages have periodically altered habitats and migration patterns. 

* Evolutionary History: The origin and evolutionary history of species play a crucial role in 

their current distribution. 

Barriers to Animal Distribution 

1. Physical Barriers: 

* Mountains: High mountain ranges can act as significant barriers by creating different 

climatic zones and physical obstacles. 

* Oceans and Seas: Large bodies of water can prevent terrestrial animals from dispersing to 

new regions. 

* Deserts: Extreme arid conditions can be inhospitable and difficult for many species to cross. 
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2. Climatic Barriers: 

* Temperature Extremes: Regions with extreme temperatures (very hot or very cold) can 

limit the distribution of species not adapted to such conditions. 

* Precipitation Levels: Areas with very high or very low precipitation can create environments 

that are unsuitable for certain species. 

3. Biological Barriers: 

* Predation and Competition: The presence of predators or competing species can restrict 

the range of certain animals. 

* Disease: Epidemics and the presence of specific pathogens can limit where species can thrive. 

4. Human-Made Barriers: 

* Urbanization: Cities and infrastructure development can fragment habitats and create 

barriers to movement. 

* Agriculture: Agricultural fields and plantations can replace natural habitats, limiting species 

distribution. 

* Pollution: Contaminated environments can be inhospitable for many species. 

Examples of Barriers and Their Effects 

1. The Wallace Line: 

* A faunal boundary line that separates the ecozones of Asia and Australasia. Species on either 

side of this line show significant differences, reflecting the barrier effect of deep ocean waters 

that have historically prevented species migration. 

2. The Himalayas: 

* The Himalayan mountain range acts as a formidable barrier to species movement between 

the Indian subcontinent and the Tibetan Plateau, leading to distinct faunal differences between 

these regions. 

3. The Sahara Desert: 

* The Sahara acts as a major barrier to animal movement between North Africa and sub-

Saharan Africa, resulting in distinct species distributions on either side. 

Overcoming Barriers 

Some species have developed adaptations or behaviors to overcome barriers: 

* Migration: Some species, such as birds, migrate seasonally to overcome climatic barriers. 

* Adaptation: Evolutionary adaptations can allow species to survive in previously inhospitable 

environments. 

* Human Intervention: Conservation efforts, such as wildlife corridors and protected areas, 

can help species overcome barriers created by human activities. 

Understanding the distribution of animals and the barriers that influence it is crucial for 

biodiversity conservation, ecological research, and managing the impacts of climate change 

and human activities on wildlife. 
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Zoogeographical Realms 

Meaning of Zoogeographical Realms: 

On the basis of presence and absence of several organisms, the earth can be divided 

into some regions. These regions are called realms. Several scientists proposed several scheme 

of realms. P. L. Sclater (1857) divided the geographical areas of the Earth into six parts, on the 

basis of the distribution of birds. 

After that, Alfred Russel Wallace in 1876 published a paper on zoogeographical realms. 

He retained the ‘six area concept’ of Sclater, but included in his study all the terrestrial 

vertebrates and invertebrates. The only change, he made was in renaming the Indian region of 

Sclater to Oriental region. 

The realms, all separated by distinctive barriers from each other. The scheme of division 

proposed by Wallace is presented here and the realms are separated by dotted lines on world 

map, which are known as Wallace’s line. 
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Types of Zoogeographical Realms: 

5.2.1. Palaearctic Realm: 

A. Geographical Boundary: Geographically this realm consists of whole of Europe, Northern 

part of Africa and Asian Himalaya and Nan ling range of China. 

B. Sub-divisions: 

This realm is further divided into four sub-divisions by Wallace. 

(i) European Sub-region: Northern and Central Europe, Black Kokesus. 

(ii) Mediterranean Sub-region: Part of Africa, Asia, Europe, Arab, Afghanistan and 

Baluchistan. 

(iii) Siberian Sub-region: Northern part of Himalaya, i.e., Northern Asia. 

 (iv) Manchurian Sub-region: Mongolia, Korea, Manchuria, Japan. 

C. Climatic Condition: Extreme cold of Siberia and extreme hot of Sahara desert are 

characteristic climate of this region. 

D. Ecological Condition: Deciduous forest, large grass land, coniferous forest and mixed 

forest. Tundra area is also present in this region. 

E. Characteristic Vertebrate Fauna: 

(i) Fish: Carp, Salmon, Pike, Sticklebacks are common in freshwater of this region 

(ii) Amphibia: European Salamander, Proteius, Hynobius, Bombinator, Alytes, Didocus etc. 

(iii) Reptiles: Sand boa, lizard – Trigonophis and Alligator. 

(iv) Birds: Arctic tern, pheasant, wrens, finches, warblers, geese etc. 

(v) Mammals: Among 39 families of characteristic mammals, family – Seluinidae and 

Ailuropodie are endemic. Other mammals are porcupine, dog, wild ass, European bison, polar 

cat, deer, etc. 
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5.2.2. Nearctic Realm: 

A. Geographical Boundary: This region consists, on its north the entire of North America, in 

south up to Mexico, in East Greenland and in west Aleutian islands. 

B. Sub-divisions: It is also sub-divided into four sub-regions. 

(i) Californian Sub-region: Vancouver Island part of British Colombia, Nevada and some part 

of Cascade hill region, are the areas of this region. It is commonly known as the low bio-

diversity area. 

(ii) Rocky Mountain Sub-region: Eastern side of California has a high and rocky mountain 

range. This region contains a rich zoo-diversity among Nearctic region. 

(iii) Allegheny Sub-region: This sub- region is situated at the eastern side of the rocky 

mountain sub-region. It’s northern part is bounded by Great lakes. This sub-region is with 

moderate zoo property. 

(iv) Canadian Sub-region: This sub- region consists of North America and Greenland and is 

not renowned for its animal contents. 

C. Climatic Condition: Like Palaearctic region this region also has extreme cold and hot 

climate. 

D. Ecological Condition: Deciduous forest range, huge grass land, coniferous forest, dry land 

and Tundra regions are prominent ecological zonations. 

E. Characteristic Vertebrate Fauna: 

(i) Fishes: Lepisosteus, Polydon, Acipenser and varieties of perches. 

(ii) Amphibia: Siren, Amphiuma, Cryptobranchus, Ambystoma, Ascaphys and Axolotl larva. 

Most of them belong to caudata. 

(iii) Reptiles: Conophis, Chilomeniscus, Pituophis, Farancia are prominent snakes. 

Phrynosoma, Uta are lizards and Aromochelys and Chelydra are turtles. 

(iv) Birds: Turkey, pelican, crow, cuckoo, pigeon, saras, swan, kite, rel, owl, hawk, etc. Most 

of them are migratory birds. 

(v) Mammals: Didelphis, Armadillo, Caribou, pronghorn, srew, mole, bear, wolf, monkey, 

deer, bat, goat, mask ox, bison, etc. The mammalian family Aplodontidae and Pronghorn are 

endemic. 
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5.3.1. Neo-tropical Realm: 

A. Geographical Boundary: South and central America lower Mexico and West Indies are 

the constituents of this region. This region is connected with Nearctic region by central 

American isthmus and other parts are bordered by the sea. 

B. Sub-divisions: This is also sub-divided into four sub-regions: 

(i) Chilean Sub-region: Western part of South America, Peru, Bolivia and Andes mountain 

range are the different parts of this region. It is not so rich in faunal content. 

(ii) Brazilian Sub-region: It covers whole of Brazil and extends up to the Panama canal. It is 

very rich in faunal composition. 

(iii) Mexican Sub-region: This sub-region is situated within North and South America, i.e., 

northern side of the Panama isthmus. It contains some important fauna. 

(iv) Antillean Sub-region: Entire West Indies except Trinidad and Tobago is included in this 

sub-region. Very few animal content is the characteristics of this sub-region. 

C. Climatic Condition: Most parts of this region is covered by tropical dry lands. Only 

southern part of America experiences temperate climate. 

D. Ecological Condition: In the Amazon valley there is tropical rain forest. Temperate region 

consists of Savannah and grassland. Western part of South America is dry and has desert like 

ecosystem. Argentina comprises mostly of grassland. 

E. Characteristic Vertebrate Fauna: 

(i) Fishes: 120 genus of the three families (Polycentridae, Gymnotidae and Trigonidae) are 

present in this region. The prominent fishes are Lepidosiren, eel, catfish, etc. 

(ii) Amphibia: Caecilia, Siphonopsis, Hyla, Salamander, frog, toad, etc. 

(iii) Reptiles: Dromicus, Boa, Epicrates, snakes, Gecko, Alligator, Chelys, etc. 

(iv) Birds: Total 700 genus of birds are recorded in this region. Among these rea, tenemus, 

screamus, whatgin, to wean, thrush, parakeet. 

(v) Mammals: Total 32 families are recorded of which opossum, caenolestes, sloth, armadillo, 

rodents, American tapir, bat, spider monkey, lama, etc. are important. 
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5.3.2. Ethiopian Realm: 

A. Geographical Boundary: It consists of southern part of the Tropic of cancer, most of the 

African mainland, southern part of Arabia and Madagascar. 

B. Sub-divisions: It is also sub-divided into four sub-regions. 

(i) East African Sub-region: Hot and dry region of Africa and Arabia are included in this sub-

region. 

(ii) West African Sub-region: Western part of the Ethiopian region is extended up to Kongo 

in this sub-region. 

(iii) South African Sub-region: Whole of the southern part of Africa is included in this sub-

region. 

(iv) Malagasy: Whole of Madagascar is included in this sub-region. 

C. Climatic Condition: Mainly temperate in most of the areas, but remains hot during most 

time of the year. 

D. Ecological Condition: The areas on the equinoctial line and West Africa possess rain forest 

along the sides of large rivers. Most of the other parts are dry deciduous forest. Northern and 

Southern parts of the region are transformed into desert. 

E. Characteristic Vertebrate Fauna:  

(i) Fishes Cat fishes, lung fishes (Protopterus, Polypterus) and several fresh water fishes are 

present. 

(ii) Amphibia: Xenopus and several species of caecilians are present. The group caudata is 

completely absent. 

(iii) Reptiles: Among snakes, Leptorhynchus, Ramnophis, etc.; among lizards, Monotrophis, 

Cordylus, Agama, Chameleon, etc. are prominent species. 

(iv) Birds: 67 families of Aves are recorded. Some important species, are ostrich, cuckoo, 

parakeet, eagle, kite, pigeon, hornbill, etc. 

(v) Mammals: The recorded families are 51 of which 15 are endemic. The remarkable species 

are zebra, gorilla, antilope, leopard, two horned rhinoceros, hippopotamus, lemur, gnu, beboon, 

lion, giraffe, chimpanzee, loxodonta, etc. 
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5.4.1. Oriental Realm: 

A. Geographical Boundary: Most of the Asian countries which are situated at the southern 

side of Himalaya are included in this realm. India, Burma, Indo-China, Malay, Sumatra, Java, 

Bali, Borneo and Filipines, etc. are within this realm. 

B. Sub-divisions: It is composed of four sub-regions. 

(i) Indian Sub-region: From the base of Himalaya the whole of the Indian subcontinent is 

under this sub-region. Division of Indian sub-region – Indian sub-region was separated on the 

basis of distribution of molluscs, reptiles, birds and mammals by Wallace (1876). In 1942, 

Mahendra further divided Indian sub-region into divisions on the basis of floral and faunal 

contents. 

The divisions are as follows: 

1. Dry and semidry area of Northern India 

2. Western side of Himalaya 

3. Southern part of Burma 

4. Plateau of Ganges 

5. Southern India below 20° latitude 

6. Ganga plateau and area above 20° latitude 

7. Tribankur 

8. Ceylon 

9. Nicobar islands 

10. Andaman islands 

(ii) Ceylonese Sub-region: Part of the Indian peninsula and Sri Lanka are covered under this 

sub-region. 

(iii) Indo-Chinese Sub-region: South China, Burma, Thailand and Indochina fall within the 

border of this sub-region. 

(iv) Indo-Malayan Sub-region: This is eastern part of the oriental realm. Malay and East-

Indies islands are included in this sub-region. 

C. Climatic Condition: Most part experience temperate atmosphere. Annual rainfall more 

than 1500 mm. 

D. Ecological Condition: Eastern part contains dense rain forest. Western part possess a 

desert. Other parts are having moderate forest. 

E. Characteristic vertebrate fauna: 

(i) Fishes: Different types of carp, catfish, notopteridae, osteoglocid, cipriniformes, etc. 

(ii) Amphibians: Varieties of anurans, some salamanders and caecilians are present. 
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(iii) Reptiles: Various types of snakes like, viper, pit viper, kraits, etc.; lizards- like, Gekko, 

Aagamid, Varanus, Chamellion, Crocodiles, Gavialis. Platysternidae family of turtles are 

present. 

(iv) Birds: Pigeons, owls, finches, phesants, peacock, saras, etc., are present. 

(v) Mammals: Srew, rabbit, dog, cat, boar, rodents, flying lemur, elephants, ox, tiger, 

orangutan, gibbon, tapir, pangolin, Rhinoceros unicorns, etc., are important members. Out of 

30 families only 4 are endemic. 

5.4.2. Australian Realm: 

A. Geographical Boundary: Australia, New Zealand, New Guinea, Tasmania and some 

islands of adjacent areas are included in this realm. 

B. Sub-divisions: This is divided into four sub-regions. 

(i) Austro-Malayan Sub-regions: Malay archipelago including New Guinea, Moluccas and 

Solomon island are covering this sub-region. 

(ii) Australian Sub-region: Tasmania and Australia are the parts of this sub- region. 

(iii) Polynesian Sub-region: Polynesia and Sand-wick islands are included in this sub-region. 

(iv) New Zealand Sub-region: New Zealand, Norfolk island, Auckland, Campbell and 

Macquarie islands comprises this sub-region. 

C. Climatic Condition: Hot and temperate, both types of climate are present here. Average 

rainfall in a year is 75 mm. 

D. Ecological Condition: Rain forest, grassland, eucalyptus forest are prominent ecological 

characters. 

E. Characteristic Vertebrate Fauna: 

(i) Fishes: Neoceratodus Lung fish, Osteoglocidos, Gadopcidae, etc. 

(ii) Amphibia: Xenorhinidae family is present in New Guinea only. Pseudophryne, 

Pachybatrachus, Helioporus, Pelodyrus are other important members. Total 11 families are 

recorded. 

(iii) Reptiles: Important snake families are Phithonidae and Elapidae: Pizopidae, Apracidae, 

Liadidae are prominent lizards. Sphenodon of Rhynchocephalidae family is the famous relict 

of reptiles present in New Zealand. 

(iv) Birds: Casuary, liar bird, magpie, emu, kiwi, scrab, bawar are important members of this 

region. Nine hundred and six species of birds are recorded from this region. 

(v) Mammals: Ornithorhynchus (a marsupial), Tachyglossus (ant eater), Kangaroo, Dasyures, 

Dendrolagus (climbing kangaroo), Petaurus (flying opossum), wolf are the remarkable 

members. 
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