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EVOLUTION

MODERN THEORY OF EVOLUTION or NEO-DARWINISM:
Hardy-Weinberg principle:

• It states that allele frequencies in a population are stable and constant from generation to generation, if a 

population has no selection, no mutation, no migration, no genetic drift, and are random mating. 

• (p + q)2 = p2 + 2pq + q2 = 1.
p+q = 1

Gene pool: All the genes in a population at a particular time.

- Factors are known to affect Hardy-Weinberg equilibrium: 

• Gene migration or gene flow

• Genetic drift

• Mutation

• Genetic recombination
• Natural selection



EVOLUTION
1.Gene Migration: 

• When some individuals of a population migrate to other populations, or when certain individuals come into a 

population, the gene frequencies of the given population change, i.e., some genes are lost in the first case & 

added to the second. 

• If this migration occurs a number of times, gene flow occurs.

2. Genetic Drift:

• Random changes in the allele frequencies of a population occurring by chance, constitute genetic drift

• The change in allele frequency may become so drastically different that they form new species. 

• The original drifted population becomes the founder & the change in the phenotype & genotype of the 
progeny, constitute the founder effect 

• This is clear with microbial experiments, where he pre- existing advantageous mutants get selected & over a 
few generations speciation occurs

3. Mutations: 

• Mutations are random & occurs at very slow rate. 

• They create considerable genetic variation for speciation to occur.

4. Recombination:
• New combination of genes occur due to crossing over in meiosis during gametogenesis. 
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5. Natural Selection: 

• Natural selection is the most critical evolutionary process that leads to changes in allele frequencies & favours or 

promotes adaptation as a product of evolution. 

• Coupled to increased reproductive success, natural selection makes the population look entirely different from the 
original population, i.e., speciation

• Natural selection process depends on the traits favoured & produce one of the three following 

effects: 

1.Stabilization- in which more individuals acquire mean character value, i.e., variation is much 

reduced 

2. Directional change, in which more individuals acquire value other than the mean character 

value. 

3. Disruption, in which more individuals acquire peripheral character value at both ends of the 
distribution curve.
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Evidences for Evolution 
• Evidences for evolution come from, Palaeontology, Embryology, Comparative anatomy and morphology, 

Molecular homology & Biogeography.

Palaeontology: • Is a study of fossils found in the rocks to support organic evolution 

• Study of fossils from different sedimentary layers indicates:
i. The geological time period in which the organisms existed

ii. The life forms varied over time & certain life forms are restricted to certain geological life- span 
iii. The new forms of life that have appeared at different times in the history of earth
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Embryology:
• It is a study based upon the observation of certain common features during embryonic stages of all vertebrates

• Ernst Haeckel proposed biogenetic law which states that ‘ontogeny recapitulates phylogeny’, i.e., developmental/ 

embryological stages of organisms (ontogeny) recapitulate their evolutionary history (phylogeny)

• Vertebrate embryos shows similarities which are: 

1. All vertebrate embryos develop a row of gill slits, but they are functional only in fish & not found in any other 
vertebrates 

2. Notochord is present in all vertebrate embryos 

• But this proposal was disapproved by Ernst Von Baer; he noted that embryos never pass through the adult stage of 
other animals
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Comparative Anatomy & Morphology: 
• Comparative anatomy and morphology shows both similarities & differences among the present day organisms & 

those existed long before.

i. Homology 

• Homology is the relationship among organs of different groups of organism, that show similarity in the basic structure 

and embryonic development, but perform different functions. 
• Homology of organs of different organisms indicates their common ancestry 

• Homology is found in the bones of forelimbs of whales, cheetah, birds, amphibians and human; they have similar 

basic anatomical structure with the bones humerus, radius, ulna, carpals, matacarpals & phalanges • The thorns of 

Bougainvillea & tendrils of Cucurbita represents homology

• Homology/ homologous organs are the result of divergent evolution, i.e., the evolutionary process where the same 
structure develops along different directions due to adaptations for different needs.
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ii. Analogy 

• Analogy is the relationship among organs of different groups of 

organisms performing the same function, irrespective of structural or 

anatomical differences. 

• Eg.- Eyes of octopus & those of mammals; wings of butterfly & 
those of birds; flippers of whales or dolphins & those of penguins; 

tubers of sweet potato (root modified) & those of potato (stem 

modified) 

• Analogy is the result of convergent evolution, i.e., the evolutionary 

process, where anatomically different structures in different groups 
of organisms evolve towards the same function.

• It is the similar habitat conditions that have selected similar 

adaptive features in different groups of organisms towards the same 
function.
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Adaptive Radiation 

• Adaptive ration is an evolutionary process in which an ancestral stock gives rise to 

new species in a given geographical area, starting from a point & literally radiating to 

other geographical areas or habitats. 

1 Darwin’s finches

2 Australian marsupials. 

• A number of marsupials (pouched mammals) each different from the other, evolved from an ancestral 

stock within Australia,it can be called divergent evolution.

• When more than one adaptive radiation appeared to have occurred in an isolated geographical area 

with different habitats, it can be called as convergent evolution. 
• Placental mammals of Australia show parallel evolution as they have evolved from other marsupial 
mammals, each of which closely resembles & looks similar to a corresponding marsupial.
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Molecular Homology: 
• Molecular homology refers to the similarities in the biomolecules of different groups of organisms.

• The sequences of nucleotides in nucleic acid & many proteins are similar in apes & humans 

• The biochemical similarities point to the same/ common ancestry of diverse organisms

Biogeography: 
• The differential geographical distribution of different organisms also indicates common/ shared ancestry 
in that restricted region. 
• Habitat isolation has probably restricted these organisms to particular geographical regions on the earth.
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Evidence to prove Natural Selection 
a) Industrial Melanism: 

• In a collection of moths made in 1850s (before industrialization) it was observed that there were more 

white-winged/ dull grey winged moths on trees than dark-winged or melanised moths. 

• White-colored lichen covered the trees - in that background the white winged moth survived but the dark-

coloured moth were picked out by predators- camouflage 
• However, in the collection carried out from the same area, but after industrialization, i.e., in 1920, there 

were more dark-winged moths in the same area, i.e., the proportion was reversed. 

• This was explained that ‘predators will spot a moth against a contrasting background’.

• During post industrialization period, the tree trunks became dark due to industrial smoke and soots. 

Under this condition the white-winged moth did not survive due to predators, dark-winged or melanised
moth survived- camouflage

• The obtained study was compared with areas where industrialization did not occur e.g., in rural areas, the 

count of melanic moths was low. 

• Conclusion: In a mixed population, individuals that are better adapted, can survive & reproduce in large 

numbers & increase their population size & no variants was completely wiped out.
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b) Resistance to chemicals: 

• Use of pesticides/ insecticides has resulted in resistant varieties of organisms in a less time, e.g., DDT 

resistance in mosquitoes 

• It is also true for microbes (bacteria); many antibiotic resistant varieties of disease causing bacteria are 

appearing in a very short period 
• These are examples of evolution due to anthropogenic actions (produced by human).

• This shows that evolution is not a direct process but is a stochastic process (chance/probability), that is based 

on chance events in nature & mutation in the organisms.

Artificial Selection

• Man has domesticated many wild animals & plants

• He has also selected many plants & animals and carried out intensive breeding programs to raise new varieties 

of plants and animals for agriculture, horticulture, sport or security. 

• He has raised a number of high- yielding breeds of animals (like cows, buffalo, poultry birds etc.) & crops (like 
varieties of wheat, rice, maize, pulses, etc.)
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A BRIEF ACCOUNT OF EVOLUTION

• About 2000 million years before, the first cellular form of life appeared on the earth. 

• Slowly these single- celled organisms evolved into multicellular organisms. 

• Invertebrates were formed around 500 million years before. 

• Jawless fish must have evolved around 340 million years ago.

• At around the same time, fish with stout & strong fins, that could move on land & go back to water, must 
have appeared. 

• The coelacanth or lobefins were the ancestors of modern day frogs & salamanders.

• These amphibians evolved into reptiles that lay thick- shelled eggs which do not dry up in the sun; this 
made the reptiles more successful than amphibians

• In the next 200 million year or so, reptiles of different shapes and sizes dominated the earth

• Some of these land reptiles moved back to water to evolve into fish like reptiles (Ichthyosaurs) at around 

the same time (200 million years ago) 

• The land reptiles i.e., dinosaurs suddenly disappeared from the earth (mass extinction) about 65 million 
years ago, while some small sized reptiles continue to exist today like birds, crocodiles etc.
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