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⭐ Important MCQs – History of Evolutionary Thought and 
Scientists 

1. Who introduced binomial nomenclature for naming 
species? 

(a) Lamarck (1744–1829) 

(b) Linnaeus (1707–1778) ✅ 

(c) Darwin (1809–1882) 

(d) Mendel (1822–1884) 

2. Linnaeus (1707–1778) is best known for: 

(a) Fossil studies 
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(b) Classification and binomial nomenclature ✅ 

(c) Theory of evolution 

(d) Mendelian inheritance 

3. Who published the theory of inheritance of acquired 
characteristics? 

(a) Lamarck (1744–1829) ✅ 

(b) Lyell (1797–1875) 

(c) Darwin (1809–1882) 

(d) Malthus (1766–1834) 

4. Malthus (1766–1834) is known for: 

(a) Principles of Geology 

(b) Essay on the “Principle of Population” ✅ 
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(c) Evolution of species 

(d) Classification 

5. Cuvier (1769–1832) contributed mainly to: 

(a) Comparative anatomy 

(b) Palaeontology and catastrophism ✅ 

(c) Genetics 

(d) Natural selection 

6. Lyell (1797–1875) authored: 

(a) Principles of Geology ✅ 

(b) On the Origin of Species 

(c) Essay on Population 

(d) Theory of Evolution 
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7. Darwin (1809–1882) observed Galapagos finches during: 

(a) Voyage of HMS Beagle ✅ 

(b) Essay on Population 

(c) Fossil studies in Europe 

(d) Laboratory experiments 

8. Darwin (1809–1882) proposed: 

(a) Special Creation 

(b) Natural Selection and Descent with Modification ✅ 

(c) Inheritance of acquired traits 

(d) Catastrophism 

9. Mendel (1822–1884) is known for: 

(a) Theory of Evolution 
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(b) Laws of Inheritance ✅ 

(c) Classification 

(d) Principles of Geology 

10. Wallace (1823–1913) independently proposed: 

(a) Mendelian inheritance 

(b) Theory of natural selection ✅ 

(c) Special Creation 

(d) Principles of Geology 

11. The scientist who classified organisms and believed 
species were permanent creations: 

(a) Linnaeus (1707–1778) ✅ 

(b) Lamarck (1744–1829) 
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(c) Darwin (1809–1882) 

(d) Wallace (1823–1913) 

12. The young naturalist who sent his theory to Darwin: 

(a) Mendel (1822–1884) 

(b) Wallace (1823–1913) ✅ 

(c) Lyell (1797–1875) 

(d) Cuvier (1769–1832) 

13. The essay “Principles of Geology” influenced Darwin’s: 

(a) Study of fossils 

(b) Idea of gradual change in species ✅ 

(c) Binomial nomenclature 

(d) Laws of inheritance 
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14. Which scientist is associated with Palaeontology and 
explaining Earth’s history through catastrophism? 

(a) Cuvier (1769–1832) ✅ 

(b) Lyell (1797–1875) 

(c) Darwin (1809–1882) 

(d) Lamarck (1744–1829) 

15. Darwin’s (1809–1882) “On the Origin of Species” was 
published in: 

(a) 1836 

(b) 1844 

(c) 1859 ✅ 

(d) 1865 
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‎🩸Important MCQs: 

1. The theory which explains that all living things were 
created in their present form is called: 

(a) Theory of Evolution 

(b) Theory of Natural Selection 

(c) Theory of Special Creation ✅ 

(d) Endosymbiont Hypothesis 

2. The theory of Special Creation was supported by: 

(a) Charles Darwin 

(b) Carolus Linnaeus ✅ 

(c) Lamarck 

(d) Aristotle 
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3. According to the theory of evolution, organisms: 

(a) Remain unchanged 

(b) Evolve from one form to another over time ✅ 

(c) Were specially created 

(d) Have no interrelationship 

4. The idea of evolution was first discussed during the time 
of: 

(a) Mendel 

(b) Aristotle ✅ 

(c) Darwin 

(d) Pasteur 

5. Carolus Linnaeus was famous for: 
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(a) Discovering DNA 

(b) Classifying organisms ✅ 

(c) Inventing microscope 

(d) Explaining photosynthesis 

6. Linnaeus believed that species were: 

(a) Changing over time 

(b) Permanent creations ✅ 

(c) Formed by natural selection 

(d) Result of mutation 

7. The classification system of Linnaeus later supported the 
ideas of: 

(a) Lamarck 
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(b) Darwin ✅ 

(c) Aristotle 

(d) Wallace 

8. According to one hypothesis, life may have begun in: 

(a) Cold oceans 

(b) Underwater hot springs (hydrothermal vents) ✅ 

(c) Volcanoes 

(d) Cloud layers 

9. Archaeobacteria support the theory of: 

(a) Endosymbiosis 

(b) Hydrothermal vent origin of life ✅ 

(c) Special Creation 
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(d) Artificial selection 

10. The first photosynthetic organisms used ______ as a 
hydrogen source. 

(a) Water 

(b) Hydrogen sulfide ✅ 

(c) Carbon dioxide 

(d) Methane 

11. When organisms began to use water in photosynthesis, 
______ was released into the atmosphere. 

(a) Carbon dioxide 

(b) Oxygen ✅ 

(c) Nitrogen 

(d) Hydrogen sulfide 
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12. Formation of ozone layer made life possible: 

(a) In deep oceans 

(b) On land ✅ 

(c) In the air 

(d) Only underground 

13. The first cells on earth were most likely: 

(a) Complex eukaryotic cells 

(b) Multicellular organisms 

(c) Simple prokaryotic cells ✅ 

(d) Viruses 

14. Prokaryotes are believed to have arisen about: 

(a) 1.5 billion years ago 
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(b) 3.5 billion years ago ✅ 

(c) 5 million years ago 

(d) 420 million years ago 

15. The endosymbiont hypothesis was proposed by: 

(a) Charles Darwin 

(b) Lynn Margulis ✅ 

(c) Carolus Linnaeus 

(d) Gregor Mendel 

16. According to endosymbiont hypothesis, mitochondria 
evolved from: 

(a) Cyanobacteria 

(b) Aerobic bacteria ✅ 
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(c) Anaerobic bacteria 

(d) Archaea 

17. Flagella may have evolved from: 

(a) Amoeboid cells 

(b) Spirochetes ✅ 

(c) Cyanobacteria 

(d) Viruses 

18. The development of chloroplasts is believed to have 
occurred through endosymbiosis of: 

(a) Spirochetes 

(b) Cyanobacteria ✅ 

(c) Archaebacteria 
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(d) Aerobic bacteria 

19. The hypothesis suggesting that the cell membrane folded 
inward to form organelles is called: 

(a) Invagination hypothesis ✅ 

(b) Mutation hypothesis 

(c) Endosymbiont hypothesis 

(d) Abiogenesis 

20. The evolution of eukaryotic cells led to: 

(a) Simpler life forms 

(b) Decrease in biodiversity 

(c) Increase in complexity and diversity of life ✅ 

(d) Disappearance of prokaryotes 
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21. The theory of inheritance of acquired characteristics was 
proposed by: 

(a) Charles Darwin 

(b) Jean Baptiste Lamarck ✅ 

(c) Alfred Wallace 

(d) Carolus Linnaeus 

22. Lamarck published his theory of evolution in the year: 

(a) 1758 

(b) 1809 ✅ 

(c) 1829 

(d) 1858 

23. According to Lamarck, organs that are used extensively 
become: 
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(a) Smaller and weaker 

(b) Larger and stronger ✅ 

(c) Non-functional 

(d) Vestigial 

24. The example of giraffe’s long neck was given by: 

(a) Darwin 

(b) Lamarck ✅ 

(c) Linnaeus 

(d) Wallace 

25. The idea that acquired characteristics can be passed to 
offspring is: 

(a) Natural selection 
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(b) Inheritance of acquired characteristics ✅ 

(c) Descent with modification 

(d) Neo-Darwinism 

26. According to modern knowledge, acquired 
characteristics: 

(a) Can be inherited 

(b) Cannot be inherited ✅ 

(c) Are temporary but hereditary 

(d) Are controlled by environment only 

27. Charles Darwin was born in: 

(a) Paris 

(b) London 
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(c) Shrewsbury ✅ 

(d) Cambridge 

28. Darwin joined the expedition of: 

(a) The Galapagos 

(b) The Beagle ✅ 

(c) The Linnaean Society 

(d) The Wallace Voyage 

29. Darwin observed 13 different types of finches on: 

(a) Caribbean Islands 

(b) Galapagos Islands ✅ 

(c) Hawaiian Islands 

(d) Canary Islands 

 



20 
 

30. Darwin concluded that the finches of Galapagos evolved 
due to: 

(a) Mutation 

(b) Geographical isolation ✅ 

(c) Hybridization 

(d) Artificial selection 

31. The book Origin of Species was published in: 

(a) 1844 

(b) 1858 

(c) 1859 ✅ 

(d) 1861 

32. The concept of “Descent with Modification” means: 
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(a) Sudden creation of new species 

(b) All organisms are related through common ancestry ✅ 

(c) Each species is unique and unconnected 

(d) Life forms remain unchanged 

33. Darwin’s idea of natural selection was supported by: 

(a) Lamarck 

(b) Alfred Wallace ✅ 

(c) Linnaeus 

(d) Mendel 

34. Neo-Darwinism is also called: 

(a) Modern Evolutionary Synthesis ✅ 

(b) Mutation Theory 
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(c) Acquired Theory 

(d) Artificial Selection 

35. Neo-Darwinism combined the work of: 

(a) Darwin and Lamarck 

(b) Darwin and Mendel ✅ 

(c) Mendel and Linnaeus 

(d) Wallace and Lamarck 

36. The geographical distribution of species is known as: 

(a) Biogeography ✅ 

(b) Paleontology 

(c) Ecology 

(d) Evolutionary anatomy 
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37. The oldest known fossils are of: 

(a) Eukaryotes 

(b) Prokaryotes ✅ 

(c) Amphibians 

(d) Mammals 

38. The fossil record shows that vertebrates appeared in the 
order: 

(a) Mammals ⟶ Reptiles ⟶ Fishes ⟶ Birds 

(b) Fishes ⟶ Amphibians ⟶ Reptiles ⟶ Mammals and Birds 
✅ 

(c) Birds ⟶ Mammals ⟶ Fishes ⟶ Amphibians 

(d) Reptiles ⟶ Mammals ⟶ Amphibians ⟶ Fishes 

 



24 
 

39. Structures that have a common origin but different 
functions are called: 

(a) Analogous structures 

(b) Homologous structures ✅ 

(c) Vestigial organs 

(d) Heterologous organs 

40. Similarities in embryonic stages of vertebrates show 
evidence of: 

(a) Mutation 

(b) Common ancestry ✅ 

(c) Adaptation 

(d) Extinction 

41. Natural selection occurs due to the interaction between: 
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(a) Organisms and environment ✅ 

(b) Genes and chromosomes 

(c) Mutations and heredity 

(d) DNA and proteins 

42. Artificial selection refers to: 

(a) Selection by nature 

(b) Selection by humans ✅ 

(c) Selection by chance 

(d) Selection by environment 

43. The concept of artificial selection was used by Darwin as 
evidence for: 

(a) Mutation theory 
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(b) Theory of natural selection ✅ 

(c) Theory of spontaneous generation 

(d) Theory of inheritance of acquired characters 

44. In artificial selection, humans modify: 

(a) Their own traits 

(b) Other species for desired traits ✅ 

(c) Environment only 

(d) Non-living things 

45. An example of natural selection seen in modern times is: 

(a) Growth of plants 

(b) Antibiotic resistance in bacteria ✅ 

(c) Cross-breeding in cattle 
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(d) Hybrid corn production 

46. Natural selection can act only on: 

(a) Acquired variations 

(b) Heritable variations ✅ 

(c) Behavioral changes 

(d) Environmental effects 

47. A group of interbreeding individuals of the same species 
living in one area is called a: 

(a) Community 

(b) Population ✅ 

(c) Ecosystem 

(d) Colony 
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48. The total of all genes in a population at a given time is 
called the: 

(a) Genome 

(b) Gene pool ✅ 

(c) Chromosome set 

(d) Allelic sum 

49. When all members of a population are homozygous for 
the same allele, that allele is said to be: 

(a) Dominant 

(b) Recessive 

(c) Fixed ✅ 

(d) Lost 

50. In a population, the frequency of an allele represents: 
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(a) The total number of genes in the species 

(b) The proportion of that allele in the gene pool ✅ 

(c) The number of chromosomes 

(d) The dominance of one trait 

51. The Hardy-Weinberg theorem describes the frequencies 
of ______ in non-evolving populations. 

(a) Ecosystems 

(b) Genotypes ✅ 

(c) Cells 

(d) Enzymes 

52. According to the Hardy-Weinberg theorem, allele 
frequencies remain constant unless acted upon by ______. 

(a) Sexual recombination 
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(b) Agents other than sexual recombination ✅ 

(c) Gene mutation 

(d) Natural selection only 

53. The Hardy-Weinberg equation is expressed as: 

(a) (p + q)² = 1 ✅ 

(b) p² + q² = 1 

(c) p + q = 2 

(d) 2pq = 1 

54. In the Hardy-Weinberg equation, p represents the 
frequency of: 

(a) The recessive allele 

(b) The dominant allele ✅ 
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(c) Both alleles 

(d) None of these 

55. If p = 0.8 and q = 0.2, then the frequency of heterozygous 
genotype (Aa) will be: 

(a) 0.16 

(b) 0.32 ✅ 

(c) 0.64 

(d) 0.04 

56. The probability of homozygous dominant genotype (AA) 
in Hardy-Weinberg population is represented by: 

(a) 2pq 

(b) p² ✅ 

(c) q² 
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(d) pq 

57. The Hardy-Weinberg equation is a binomial expansion of: 

(a) (p - q)² 

(b) (p + q)² ✅ 

(c) (p × q)² 

(d) (p / q)² 

58. The most threatened natural area on Earth today is: 

(a) Deserts 

(b) Tropical rain forests ✅ 

(c) Grasslands 

(d) Coral reefs 

59. An endangered species is one that is: 
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(a) Common in all habitats 

(b) In imminent danger of extinction ✅ 

(c) Easily adaptable 

(d) Found in abundance 

60. Which of the following animals has been declared extinct 
in Pakistan? 

(a) Indus dolphin 

(b) Blackbuck 

(c) Cheetah ✅ 

(d) Houbara bustard 

‎🩸Q2: Exercise Short Questions  

1. What are hydrothermal vents? 

 



34 
 

👉 Answer: 

Hydrothermal vents are openings in the ocean floor from 
which hot, mineral-rich water flows. These vents provide 
energy and nutrients that support unique ecosystems, where 
organisms can survive without sunlight by using 
chemosynthesis. 

2. State Endosymbiont hypothesis. 

👉 Answer: 

The Endosymbiont hypothesis states that mitochondria and 
chloroplasts originated as free-living prokaryotes that were 
engulfed by ancestral eukaryotic cells and developed a 
symbiotic relationship, eventually becoming permanent cell 
organelles. 

3. Define population genetics. 

👉 Answer: 
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Population genetics is the study of how allele frequencies in a 
population change over time due to evolutionary processes 
such as mutation, selection, migration, and genetic drift. 

4. How does fossil record provide evidence of evolution? 

👉 Answer: 

The fossil record shows how organisms have changed over 
long periods of time. It provides evidence of transitional 
forms between ancient and modern species, indicating a 
gradual evolutionary process. 

5. Explain the term homology with a suitable example. 

👉 Answer: 

Homology refers to similarity in structure between different 
organisms due to common ancestry. 

Example: The forelimbs of humans, bats, and whales have 
similar bone structures but are adapted for different functions 
like grasping, flying, and swimming. 
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6. What are vestigial organs? Give two examples. 

👉 Answer: 

Vestigial organs are structures that have lost their original 
function through evolution but remain as traces in the body. 

Examples: 

●​ Appendix in humans 
●​ Hind limb bones in whales 

7. How are evolutionary relationships reflected in DNA and 
proteins? 

👉 Answer: 

Evolutionary relationships are shown by similarities in DNA 
sequences and protein structures. Closely related species 
have more similar genetic codes and amino acid sequences, 
indicating a common ancestry. 

8. State Hardy-Weinberg theorem. 
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👉 Answer: 

The Hardy-Weinberg theorem states that the frequencies of 
alleles and genotypes in a population remain constant from 
generation to generation unless influenced by external 
factors such as mutation, migration, selection, or genetic drift. 

9. What is the difference between endangered species and 
threatened species? 

👉 Answer: 

●​ Endangered species: Species that are in immediate 
danger of extinction throughout their range. 

●​ Threatened species: Species that are likely to become 
endangered in the near future if protective measures are 
not taken. 

10. Name any five species declared extinct in Pakistan. 

👉 Answer: 

●​ Cheetah 🐆 
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●​ Tiger 🐅 
●​ Asian lion 🦁 
●​ Indian rhino 🦏 
●​ Cheer pheasant 🐦 

Important Short Questions: 

1. What is the Theory of Special Creation? 

👉 Answer: 

According to the Theory of Special Creation, all living 
organisms were created in their present form by Nature or 
Divine Power and do not undergo change over time. 

2. Who was Carolus Linnaeus and what were his beliefs? 

👉 Answer: 

Carolus Linnaeus (1707–1778) was a naturalist who classified 
organisms into groups but believed that species were 
permanent creations made by God. 

3. What is the Theory of Evolution? 
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👉 Answer: 

The Theory of Evolution states that organisms change 
gradually over time, and one type of organism can give rise to 
another through natural processes such as natural selection. 

4. Who proposed the Endosymbiont Hypothesis? 

👉 Answer: 

The Endosymbiont Hypothesis was proposed by Lynn 
Margulis. 

5. What does the Endosymbiont Hypothesis explain? 

👉 Answer: 

It explains that eukaryotic cells evolved when large 
prokaryotic cells ingested smaller bacteria that later became 
organelles like mitochondria and chloroplasts. 

6. What are hydrothermal vents and their role in evolution? 
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👉 Answer: 

Hydrothermal vents are underwater hot springs that might 
have provided the energy and raw materials necessary for the 
origin of early life on Earth. 

7. How did oxygen accumulate in the atmosphere? 

👉 Answer: 

Oxygen accumulated through photosynthesis by early 
organisms, first using hydrogen sulfide and later water, 
releasing oxygen as a by-product. 

8. What role did ozone play in the evolution of life? 

👉 Answer: 

The ozone layer formed in the upper atmosphere and 
protected organisms from harmful UV radiation, making life 
on land possible about 420 million years ago. 
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9. When did prokaryotes and eukaryotes first appear on 
Earth? 

👉 Answer: 

●​ Prokaryotes appeared about 3.5 billion years ago. 
●​ Eukaryotes appeared about 1.5 billion years ago. 

10. How did multicellular organisms evolve from eukaryotic 
cells? 

👉 Answer: 

Eukaryotic cells first existed singly, but over time, some 
evolved into multicellular organisms, with specialized tissues 
and organs adapted to various environments. 

11. Who was Jean Baptiste Lamarck? 

👉 Answer: 
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Jean Baptiste Lamarck (1744–1829) was a French naturalist 
who proposed one of the earliest theories of evolution based 
on the inheritance of acquired characteristics. 

12. What is Lamarck’s theory of inheritance of acquired 
characteristics? 

👉 Answer: 

Lamarck proposed that traits acquired during an organism’s 
lifetime (like a giraffe’s long neck) can be passed to offspring. 
However, this theory is not accepted today. 

13. Give two examples cited by Lamarck to explain his 
theory. 

👉 Answer: 

●​ Blacksmith’s arm becomes strong by use. 
●​ Giraffe’s neck becomes long by continuous stretching to 

reach leaves. 

14. Why is Lamarck’s theory rejected? 
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👉 Answer: 

Because acquired characteristics are not inherited 
genetically; only heritable traits controlled by genes can be 
passed to the next generation. 

15. Who was Charles Darwin and what was his major 
contribution? 

👉 Answer: 

Charles Darwin (1809–1882) was a British naturalist who 
proposed the Theory of Natural Selection and wrote the 
famous book “The Origin of Species” (1859). 

16. What did Darwin observe on the Galapagos Islands? 

👉 Answer: 

Darwin found 13 species of finches, each adapted to different 
food sources, showing how species diversify due to 
environmental differences. 
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17. What are the two main points of Darwin’s theory 
mentioned in “The Origin of Species”? 

👉 Answer: 

1. Descent with modification 

2. Natural selection and adaptation 

18. Define “Descent with Modification.” 

👉 Answer: 

It means all species are descended from common ancestors, 
but over time they accumulate modifications leading to 
diversity in life forms. 

19. What is natural selection according to Darwin? 

👉 Answer: 
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Natural selection is a process where individuals with 
favorable inherited traits survive and reproduce more 
successfully than others in their environment. 

20. Name the three main observations on which Darwin 
based his theory of natural selection. 

👉 Answer: 

1. Overproduction of offspring. 

2. Struggle for existence. 

3. Survival of the fittest (those best adapted reproduce). 

21. Who was Alfred Wallace and what was his contribution? 

👉 Answer: 

Alfred Russel Wallace was a British naturalist who 
independently developed a theory of natural selection similar 
to Darwin’s, leading Darwin to publish his own work. 
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22. What is Neo-Darwinism? 

👉 Answer: 

Neo-Darwinism or the modern synthesis combines Darwin’s 
natural selection with Mendel’s genetics, explaining 
evolution through genetic variation and inheritance. 

23. What is biogeography and how does it support evolution? 

👉 Answer: 

Biogeography is the study of the geographical distribution of 
species. It shows that closely related species often live in 
nearby regions, suggesting common ancestry. 

24. What evidence does the fossil record provide for 
evolution? 

👉 Answer: 
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The fossil record shows a chronological sequence of 
organisms, proving that simple life forms evolved into more 
complex ones over time. 

25. What are homologous structures? Give an example. 

👉 Answer: 

Homologous structures are body parts that share a common 
ancestral origin but may have different functions. 

Example: Forelimbs of humans, whales, and bats. 

26. What are hydrothermal vents? 

👉 Answer: 

Hydrothermal vents are underwater hot springs found deep in 
oceans that release mineral-rich water and provide energy 
and raw materials for the origin of early life. 

27. What role did photosynthesis play in the evolution of life? 
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👉 Answer: 

Photosynthesis helped produce food and release oxygen, 
changing the atmosphere from reducing to oxidizing and 
making life on land possible. 

28. What is the Endosymbiont Hypothesis? 

👉 Answer: 

The Endosymbiont Hypothesis suggests that eukaryotic cells 
evolved when large prokaryotes ingested smaller bacteria 
that lived inside them and later became organelles like 
mitochondria and chloroplasts. 

29. Who proposed the Endosymbiont Hypothesis and what 
does it explain? 

👉 Answer: 

It was proposed by Lynn Margulis, and it explains the origin 
of mitochondria and chloroplasts in eukaryotic cells from 
once free-living bacteria. 
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30. How did the formation of the ozone layer affect life on 
Earth? 

👉 Answer: 

The ozone layer filtered harmful ultraviolet radiation, 
allowing life to survive on land and marking a major step in 
the evolution of complex organisms. 

31. What does the Hardy-Weinberg theorem state? 

Answer: 

👉 It states that allele and genotype frequencies in a 
population remain constant from generation to generation 
unless acted upon by evolutionary forces other than sexual 
recombination. 

32. Who proposed the Hardy-Weinberg theorem and when? 

Answer: 

👉 It was proposed independently by G.H. Hardy and Wilhelm 
Weinberg in 1908. 
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33. What is the Hardy-Weinberg equation? 

Answer: 

👉 The equation is (p + q)² = p² + 2pq + q² = 1, where p and q 
represent the frequencies of two alleles in a population. 

34. What does p², 2pq, and q² represent in the 
Hardy-Weinberg equation? 

Answer 

👉 p² = frequency of homozygous dominant (AA) 

👉 2pq = frequency of heterozygous (Aa) 

👉 q² = frequency of homozygous recessive (aa) 

35. What does genetic equilibrium mean? 

Answer: 

👉 It means a state in which allele and genotype frequencies 
in a population remain constant over generations, showing 
no evolution. 
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36. Name five factors that can alter gene frequency in a 
population. 

Answer: 

👉 Mutation, genetic drift, gene flow, natural selection, and 
non-random mating. 

37. What is an endangered species? 

Answer: 

👉 A species that is in imminent danger of extinction 
throughout its range. 

38. What is the difference between endangered and 
threatened species? 

Answer: 

👉 Endangered species are on the brink of extinction, while 
threatened species are likely to become endangered soon. 

39. Name any five animal species declared extinct in 
Pakistan. 
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Answer: 

👉 Cheetah, Tiger, Asian Lion, Indian Rhino, and Crocodile. 

40. What are the main causes of extinction of species? 

Answer: 

👉 Habitat destruction, climate change, pollution, and 
introduction of foreign species. 

‎🩸Q4: Extensive Questions 

🌟 Q1: What are the Endangered Species? What measures 
could be adopted for their preservation? 

❖ Introduction: 

Endangered species are those organisms—plants or 
animals—that are at risk of extinction in the near future. 
Human activities such as deforestation, pollution, and 
overhunting have seriously disturbed natural ecosystems. 
Protecting these species helps to maintain biodiversity and 
ecological balance on Earth. 
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🔹 Definition: 

👉 Endangered Species: 

A species that is in imminent danger of extinction throughout 
its natural habitat. 

👉 Threatened Species: 

A species that is likely to become endangered soon if 
protective measures are not taken. 

🔹 Causes of Endangerment: 

1. Habitat Destruction: Forest cutting, farming, and urban 
growth destroy natural homes of animals. 

2. Pollution: Industrial waste, chemicals, and plastic pollute 
air, water, and soil. 

3. Climate Change: Changes in global temperature and rainfall 
disturb breeding and feeding patterns. 
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4. Overhunting and Overfishing: Uncontrolled killing reduces 
population numbers. 

5. Invasive Species: Non-native species compete with native 
ones for food and space. 

🔹 Examples of Endangered and Extinct Species in Pakistan: 

 

Extinct Species Endangered Species 

Cheetah 🐆 Indus Dolphin 🐬 

Tiger 🐅 Blackbuck 🦌 

Asian Lion 🦁 Common Leopard 🐆 

Indian Rhino 🦏 Houbara Bustard 🕊️ 

Cheer Pheasant 🐦​  White-headed Duck 🦆 

🔹 Habitats in Danger in Pakistan: 

●​ Deserts 
●​ Sub-mountainous Tracts 
●​ Wetlands 

These regions are under severe threat due to land clearing 
and water misuse. 
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🔹 Measures for Preservation of Endangered Species: 

1. Establishment of National Parks and Sanctuaries: 

●​ Protect species in their natural environment without 
human disturbance. 

2. Conservation of Habitats: 

●​ Restore forests, grasslands, and wetlands for animal 
survival. 

3. Wildlife Corridors: 

●​ Connect isolated populations to promote safe migration 
and gene flow. 

4. Controlled Multiple-use Areas: 

●​ Allow limited human use while keeping ecological 
balance. 

5. Zoos and Botanical Gardens: 
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●​ Breed rare species in captivity and reintroduce them into 
the wild. 

6. Public Awareness: 

●​ Educate people through media and schools about the 
importance of wildlife conservation. 

7. Laws and Global Cooperation: 

●​ Enforce wildlife protection laws and follow international 
agreements like CITES. 

🔹 Importance of Preservation: 

●​ Maintains biodiversity and ecological stability. 
●​ Provides new resources for medicine, food, and research. 
●​ Ensures sustainability for future generations. 

Digram: 
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✦ Summary: 

●​ Endangered species face extinction due to human 
activities. 

●​ Major causes: habitat loss, pollution, climate change, and 
hunting. 

●​ Preservation methods: protected areas, conservation 
laws, breeding programs, and awareness. 

●​ Conservation ensures ecological balance and benefits 
future generations. 

🌟 Q2: State and Explain Hardy-Weinberg Theorem 
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❖ Introduction: 

●​ The Hardy-Weinberg theorem is one of the most 
important principles in population genetics. 

●​ It describes how gene (allele) frequencies remain 
constant from one generation to the next in a 
non-evolving population — provided that certain 
conditions are met. 

●​ This principle provides a mathematical model to study 
genetic variations within a population. 

Digram: 
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🔹 Statement of Hardy-Weinberg Theorem: 

👉 “In a large, randomly mating population, where there is no 
mutation, migration, or natural selection, the frequencies of 
alleles and genotypes remain constant from generation to 
generation.” 

This is called genetic equilibrium — meaning the population 
is not evolving. 

🔹 Explanation: 

Let: 

●​ p = frequency of dominant allele (A) 
●​ q = frequency of recessive allele (a) 

Since there are only two alleles of a gene, 

➡️ p + q = 1 

According to the Hardy-Weinberg theorem, after random 
mating, the frequency of genotypes can be represented as: 
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➡️ p² + 2pq + q² = 1 

Where: 

p² = frequency of homozygous dominant (AA) individuals 

2pq = frequency of heterozygous (Aa) individuals 

q² = frequency of homozygous recessive (aa) individuals 

🔹 Example: 

Suppose, in a population of rabbits: 

●​ Allele for black fur (B) = dominant 
●​ Allele for white fur (b) = recessive 

If p = 0.8 and q = 0.2, then: 

●​ BB = p² = (0.8)² = 0.64 
●​ Bb = 2pq = 2(0.8)(0.2) = 0.32 
●​ bb = q² = (0.2)² = 0.04 
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Thus, 64% will be black homozygous, 32% heterozygous, and 
4% white homozygous. 

🔹 Conditions for Hardy-Weinberg Equilibrium: 

To maintain equilibrium (no evolution), the following 
conditions must exist: 

1. Large Population Size: 

●​ Reduces the effect of random genetic drift. 

2. Random Mating: 

●​ Each individual has an equal chance of mating with any 
other individual. 

3. No Mutation: 

●​ Genes should not change from one form to another. 

4. No Migration (Gene Flow): 
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●​ No entry or exit of individuals from the population. 

5. No Natural Selection: 

●​ All genotypes have equal chances of survival and 
reproduction. 

🔹 Factors that Disturb Hardy-Weinberg Equilibrium: 

●​ Mutation 
●​ Gene flow (migration) 
●​ Genetic drift 
●​ Non-random mating 
●​ Natural selection 

These factors cause evolutionary changes in populations. 

🔹 Importance of the Theorem: 

●​ Helps in studying evolutionary changes. 
●​ Provides a baseline model for genetic studies. 
●​ Used to calculate carrier frequencies of genetic diseases. 
●​ Helps identify whether a population is evolving or stable. 
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●​ It explains that gene frequencies remain constant under 
ideal conditions, and any deviation from this equilibrium 
indicates that evolutionary forces are acting on the 
population. 

✦ Summary: 

●​ Hardy-Weinberg theorem explains genetic equilibrium 
in populations. 

Equation: p² + 2pq + q² = 1. 

Conditions: large population, random mating, no mutation, no 
migration, no selection. 

Deviation from equilibrium = evolution. 

🌟 Q3: Describe evidences of evolution from any five 
branches of biology. 

❖ Introduction: 
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●​ The concept of evolution states that all organisms have 
evolved from pre-existing life forms through gradual 
changes over long periods of time. 

●​ Different branches of biology provide strong evidence 
that support the theory of evolution proposed by Charles 
Darwin. 

●​ This evidence comes from morphology, embryology, 
paleontology, taxonomy, and molecular biology. 

Digram: 

 

🔸 1. Evidence from Morphology and Anatomy 
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●​ Morphology is the study of external structure, while 
anatomy deals with internal structure of organisms. 

●​ Comparing body structures of different animals shows 
similarity in design, which indicates common ancestry. 

Examples: 

The forelimbs of humans, bats, whales, and horses have 
different functions (grasping, flying, swimming, running) but 
similar bone structure. 

⟶ Such organs are called Homologous organs and show 
divergent evolution. 

🔸 2. Evidence from Embryology 

●​ Embryology is the study of development of an organism 
from the fertilized egg (zygote). 

●​ In the early developmental stages, embryos of fish, birds, 
and humans show striking similarities, such as: 

Presence of gill slits 
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●​ Notochord and tail in embryos 

➡️ These similarities suggest that all vertebrates have 
evolved from a common ancestor. 

🔸 3. Evidence from Paleontology (Fossil Record) 

●​ Fossils are preserved remains or impressions of ancient 
organisms found in rocks. 

●​ The fossil record provides a timeline of life on Earth and 
shows gradual changes in organisms. 

Examples: 

●​ Evolution of horse from small dog-sized ancestor 
(Eohippus) to modern Equus. 

●​ Fossils of Archaeopteryx, which shows features of both 
reptiles and birds, proving a link between groups. 

➡️ Fossil evidence clearly supports the concept of descent 
with modification. 

🔸 4. Evidence from Taxonomy 
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●​ Taxonomy is the science of classification of organisms. 
●​ It classifies organisms based on similarities in structure 

and origin. 
●​ The grouping of organisms into kingdoms, phyla, classes, 

and species shows a hierarchical relationship, indicating 
common ancestry. 

Example: 

●​ All vertebrates (fish, amphibians, reptiles, birds, 
mammals) are placed in a single phylum (Chordata) due 
to similar body plan and origin. 

🔸 5. Evidence from Molecular Biology 

●​ Modern techniques have revealed molecular similarities 
among all living organisms. 

●​ Comparison of DNA sequences, RNA, and proteins shows 
that many species share identical or similar molecules. 

Examples: 

●​ The genetic code is universal for all living beings. 
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●​ Similarities in hemoglobin or cytochrome-c proteins 
between humans and chimpanzees show a close 
evolutionary relationship. 

🔹 Additional Evidence: 

●​ Vestigial Organs: Organs that have lost their original 
function (e.g., appendix in humans, wings of ostrich). 

●​ Biogeography: Distribution of organisms on Earth also 
supports evolution (e.g., unique species on islands). 

🌟 Q4: How did evolution proceed from prokaryotes to 
eukaryotes? Analyze Darwin's theory of natural selection as 
a mechanism of evolution. 

❖ Introduction: 

●​ The process of evolution explains how simple living 
forms gradually developed into more complex organisms 
over millions of years. 

●​ Life on Earth began with prokaryotic cells, and over time, 
these simple cells gave rise to eukaryotic cells through 
natural processes such as endosymbiosis. 
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Later, Charles Darwin’s theory of natural selection explained 
the mechanism through which evolution operates in nature. 

🌿 Part 1: Evolution from Prokaryotes to Eukaryotes 

🔸 1. Origin of Prokaryotes 

●​ The first organisms on Earth were prokaryotic cells 
(bacteria-like). 

●​ They appeared around 3.5 billion years ago. 
●​ These cells lacked a nucleus and membrane-bound 

organelles. 
●​ They obtained energy through anaerobic respiration 

because early Earth had little oxygen. 

🔸 2. Development of Autotrophic Prokaryotes 

●​ Some primitive prokaryotes evolved the ability to 
perform photosynthesis. 

●​ These were the ancestors of cyanobacteria (blue-green 
algae). 

●​ They released oxygen into the atmosphere, leading to the 
formation of the ozone layer, making life possible on 
land. 
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🔸 3. Origin of Eukaryotic Cells (Endosymbiont Hypothesis) 

●​ The Endosymbiont Hypothesis proposed by Lynn 
Margulis explains how eukaryotic cells evolved from 
prokaryotic ancestors. 

Steps in Endosymbiosis: 

1. A large prokaryotic cell engulfed smaller aerobic bacteria 
but did not digest them. 

2. The smaller bacteria started living symbiotically inside the 
larger cell. 

3. These internal bacteria evolved into mitochondria, 
providing energy to the host cell. 

4. Later, some cells engulfed photosynthetic bacteria, which 
evolved into chloroplasts. 

5. Thus, a complex eukaryotic cell with nucleus and 
organelles was formed. 

 



71 
 

🔸 4. Evidence Supporting Endosymbiosis 

●​ Mitochondria and chloroplasts have their own circular 
DNA like bacteria. 

●​ They divide by binary fission (like prokaryotes). 
●​ They have 70S ribosomes similar to bacteria. 

➡️ These facts prove that mitochondria and chloroplasts 
originated from independent prokaryotic organisms. 

🌍 Part 2: Darwin’s Theory of Natural Selection 

🔹 Introduction: 

Charles Darwin (1809–1882) presented his theory of evolution 
in his book 

📘 “On the Origin of Species” (1859). 

He explained how natural selection is the driving force 
behind the evolution of species. 

Digram: 
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🔸 1. Main Points of Darwin’s Theory 

(a) Overproduction: 

●​ Every species produces more offspring than can survive. 
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For example, a fish lays thousands of eggs, but only a few 
survive. 

(b) Struggle for Existence: 

●​ Due to limited food and space, individuals compete for 
survival. 

●​ This results in a constant struggle for life among 
organisms. 

(c) Variation: 

●​ Every population shows natural variations among 
individuals. 

●​ Some variations are favorable (help in survival), while 
others are not. 

(d) Survival of the Fittest: 

●​ Only individuals with advantageous variations survive 
longer and reproduce. 

●​ This process is called natural selection. 
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(e) Inheritance of Favorable Variations: 

●​ The favorable traits are passed on to the next 
generations. 

(f) Origin of New Species: 

●​ Over many generations, accumulation of useful 
variations leads to the formation of new species. 

🔹 Example of Natural Selection 

Darwin studied finches on Galápagos Islands: 

●​ Each species of finch had a different beak shape suited to 
its food source. 

●​ Birds with the best-suited beaks survived and 
reproduced, while others perished. 

➡  ️Over time, new species of finches evolved from a common 
ancestor. 

🔹 Importance of Darwin’s Theory 
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●​ It provides a scientific explanation for how organisms 
adapt and evolve. 

●​ It forms the foundation of modern evolutionary biology. 

‎🩸Important Long Questions: 

🌟 Q1. Explain the Concept of Evolution and Special Creation. 
How do they differ from each other? 

❖ Introduction: 

The great variety of living organisms on Earth has always 
been a source of wonder for scientists and philosophers. To 
explain this diversity, two major ideas appeared in the early 
nineteenth century — the Theory of Special Creation and the 
Theory of Evolution. Both theories describe the origin of life 
but in completely different ways. 

🧬 Theory of Special Creation: 

●​ According to this theory, all living things were created by 
a divine power in their present forms. 

●​ The species neither changed nor evolved with time; they 
were considered permanent and unalterable. 
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●​ This idea was based on belief and religious thought 
rather than scientific evidence. 

●​ Carolus Linnaeus (1707–1778) supported this view. 
●​ Although he introduced a scientific classification system 

and binomial nomenclature, he believed that species 
were fixed creations and did not change over 
generations. 

Thus, the theory of special creation explained the world as a 
result of divine design, not natural processes. 

🌿 Theory of Evolution: 

●​ The Theory of Evolution explains that life developed 
gradually over millions of years. 

●​ According to this idea, simple forms of life gave rise to 
more complex ones through a continuous process of 
change. 

●​ Organisms evolve by adapting to their surroundings, and 
these adaptations are passed on to future generations. 

●​ Charles Darwin (1809–1882) gave this theory a scientific 
foundation through his concept of Natural Selection. 

●​ He observed that organisms with beneficial traits 
survive and reproduce, while those lacking such traits 
die out. 
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Thus, new species arise slowly through variation, adaptation, 
and survival of the fittest. 

⚖️ Difference Between Evolution and Special Creation: 

●​ The two theories are completely opposite in their 
explanation of life. 

●​ Special Creation teaches that species were made 
suddenly and remain unchanged, while Evolution shows 
that species change slowly through natural causes. 

●​ Special Creation depends on belief and religion, whereas 
Evolution is supported by scientific observation and 
evidence. 

●​ Creationists believe life appeared all at once, but 
evolutionists believe life developed gradually from 
earlier forms. 

🌏 Importance of Both Concepts: 

●​ The Theory of Evolution gave a strong scientific base to 
modern biology and helped explain the relationships 
among all organisms. 
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●​ The Theory of Special Creation, though based on faith, 
represents early human attempts to understand life’s 
origin. 

Together, these ideas show how human thought developed 
from belief to scientific understanding. 

✦ Summary: 

●​ In conclusion, the Theory of Special Creation explains 
life as the result of divine action, while the Theory of 
Evolution describes life as a product of gradual change 
through natural processes. 

●​ Modern science accepts evolution as the true 
explanation, supported by fossil, anatomical, and genetic 
evidence. 

🌟 Q2: Write a detailed note on the contribution of early 
scientists to the concept of evolution. 

❖ Introduction: 

●​ The concept of evolution did not appear suddenly. It 
developed through the gradual efforts of many scientists. 
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●​ From Linnaeus to Darwin and Wallace, every researcher 
added an important piece to the understanding of how 
species evolve over time. 

🧫 1. Carolus Linnaeus (1707–1778) 

●​ Linnaeus was a Swedish scientist known as the Father 
of Taxonomy. 

●​ He classified plants and animals and introduced 
binomial nomenclature to name species. 

●​ Although he believed in Special Creation, his 
classification system later helped Darwin to show the 
evolutionary relationships among species. 

🧬 2. Jean Baptiste Lamarck (1744–1829) 

●​ Lamarck was the first scientist to propose a theory of 
evolution. 

●​ He suggested that organisms could change during their 
lifetime through use and disuse of organs, and these 
changes could be inherited by their offspring. 

For example, giraffes developed long necks by stretching to 
reach leaves. 
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●​ Though later proven incorrect, Lamarck’s work opened 
the door for evolutionary thought. 

‎🔹 3. Thomas Malthus (1766–1834) 

●​ Malthus wrote an important book titled “Essay on the 
Principle of Population.” 

●​ He explained that the population increases faster than 
the food supply, leading to competition and struggle for 
survival. 

●​ This idea inspired Darwin to develop his concept of 
“struggle for existence.” 

🦴 4. George Cuvier (1769–1832) 

●​ Cuvier is known as the Founder of Palaeontology — the 
study of fossils. 

●​ He explained that many species found in fossils were no 
longer alive because of sudden natural disasters, an idea 
known as Catastrophism. 

●​ His discoveries provided strong evidence that life on 
Earth has changed over time. 

🌋 5. Charles Lyell (1797–1875) 
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●​ Lyell was a geologist who wrote “Principles of Geology.” 
●​ He proposed that Earth’s features were shaped slowly 

and gradually through processes like erosion and 
sedimentation, a concept called Uniformitarianism. 

●​ His ideas influenced Darwin to think that biological 
changes might also occur gradually over long periods. 

🐦 6. Charles Darwin (1809–1882) 

●​ Darwin is the central figure in the history of evolution. 
●​ During his voyage on HMS Beagle, he observed plants 

and animals in different regions and concluded that 
species change over time. 

●​ He introduced the Theory of Natural Selection, which 
states that the fittest individuals survive and reproduce, 
while the weaker ones perish. 

●​ His famous book “On the Origin of Species” (1859) 
completely changed the world’s understanding of life. 

🌾 7. Gregor Mendel (1822–1884) 

●​ Mendel is known as the Father of Genetics. 
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●​ Through experiments on pea plants, he discovered the 
laws of inheritance, explaining how traits pass from 
parents to offspring. 

●​ His discoveries gave a genetic foundation to Darwin’s 
theory, forming the base of Modern Evolutionary Theory 
or Neo-Darwinism. 

🌍 8. Alfred Russel Wallace (1823–1913) 

●​ Wallace was a British naturalist who independently 
developed a theory of Natural Selection similar to 
Darwin’s. 

●​ When he shared his findings, Darwin was encouraged to 
publish his own work. 

●​ Thus, Wallace also played a vital role in shaping the final 
theory of evolution. 

✦ Summary: 

●​ The combined work of these scientists gradually 
replaced the old idea of Special Creation with the 
scientific theory of Evolution. 

●​ Each of them — from Linnaeus to Mendel — contributed 
knowledge that helped explain how life developed, 
adapted, and diversified on Earth. 
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Together, their discoveries form the foundation of modern 
evolutionary biology. 

🌟 Q3: Write short notes on the following: 

❖ Answer: 

(a) Special Creation Theory 

 Explanation: 

●​ The Theory of Special Creation states that all living 
organisms were created by a divine power in their 
present, unchangeable forms. According to this belief, 
species do not evolve or change with time — they remain 
exactly as they were created. 

💡 Main Idea: 

Every species was created separately and perfectly adapted to 
its environment. 

🧪 Scientific View: 
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●​ This theory is not supported by scientific evidence but by 
religious and philosophical belief. It was widely accepted 
before the development of evolutionary biology. 

📘 Example: 

●​ Carolus Linnaeus, though a scientist, supported this idea 
and believed that species are fixed and permanent 
creations. 

(b) Evolutionary Theory 

🌿 Explanation: 

●​ The Theory of Evolution explains that life developed 
gradually over millions of years from simple forms to 
complex organisms. It is based on scientific observation 
and evidence rather than belief. 

💡Main Idea: 

●​ Species change over time through natural selection, 
variation, and adaptation. Organisms better suited to 
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their environment survive and reproduce, passing their 
traits to the next generation. 

📗 Founder: 

●​ Charles Darwin gave this theory a scientific base in his 
book “On the Origin of Species” (1859). 

📘 Summary Line: 

Evolutionary Theory describes gradual change in living 
organisms — the foundation of modern biology. 

(c) Contributions of Carolus Linnaeus 

🧫 Introduction: 

●​ Carolus Linnaeus (1707–1778) was a Swedish biologist 
known as the Father of Taxonomy. 

‎📍Major Contributions: 

●​ He introduced a system of classification for plants and 
animals. 
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●​ He developed Binomial Nomenclature, a two-part 
naming system (e.g., Homo sapiens for humans). 

●​ He grouped similar species into genera, and similar 
genera into families. 

🌿 Importance: 

●​ Although Linnaeus believed in Special Creation, his 
classification system later helped Darwin in 
understanding evolutionary relationships among 
species. 

📘 Summary Line: 

Linnaeus’s work laid the foundation for biological 
classification and helped future scientists like Darwin. 

(d) Role of Malthus and Lyell in Shaping Darwin’s Ideas 

🧬 Thomas Malthus (1766–1834): 

●​ Malthus wrote an Essay on the Principle of Population 
(1798). 

●​ He explained that the population grows faster than the 
food supply, leading to a struggle for existence. 
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●​ This idea inspired Darwin to realize that only the fittest 
organisms survive, forming the base of his Natural 
Selection Theory. 

🌋 Charles Lyell (1797–1875): 

●​ Lyell was a geologist who wrote Principles of Geology. 
●​ He proposed that Earth’s surface changes gradually 

through natural processes such as erosion and 
sedimentation — known as Uniformitarianism. 

●​ His idea of slow, gradual geological change influenced 
Darwin to believe that biological changes might also 
occur gradually over long periods. 

📘 Summary Line: 

Both Malthus and Lyell provided key ideas that guided 
Darwin’s thinking — Malthus through population struggle and 
Lyell through geological gradualism. 

✦ Overall Summary: 

●​ Special Creation: Life created in fixed forms by divine 
power. 
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●​ Evolutionary Theory: Life evolved gradually through 
natural processes. 

●​ Linnaeus: Developed classification and binomial 
nomenclature. 

●​ Malthus & Lyell: Gave Darwin the ideas of struggle and 
gradual change. 

🌟 Q4: Explain the process of evolution from prokaryotes to 
eukaryotes. 

❖ Introduction: 

●​ The origin and evolution of life on Earth began about 3.5 
billion years ago. 

●​ The earliest living organisms were prokaryotes — simple, 
single-celled organisms without a true nucleus. 

Over time, these prokaryotes evolved into complex eukaryotic 
cells, giving rise to multicellular life forms. 

🔥 1. Origin of Early Life — Hydrothermal Vent Hypothesis 

●​ Life is believed to have originated deep in the oceans 
near hydrothermal vents — underwater hot springs. 
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These vents provided: 

●​ Continuous heat energy 
●​ Raw materials such as minerals and gases 
●​ A group of primitive bacteria called Archaebacteria 

(Thermophiles) could survive extreme temperatures (up 
to 120°C). 

●​ Their existence today supports the “Vent Hypothesis” of 
life’s origin. 

☀️ 2. Development of Photosynthesis 

●​ Initially, early organisms depended on the nutrients in 
the environment. 

●​ To survive, some evolved the ability of photosynthesis — 
to make food from sunlight. 

●​ The first photosynthetic organisms used hydrogen 
sulfide (H₂S) instead of water (H₂O). 

Later, organisms started using water as a hydrogen source, 
releasing oxygen (O₂) into the atmosphere. 

This process gradually changed Earth’s atmosphere from 
reducing to oxidizing. 
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🌫️ 3. Formation of Ozone Layer and Aerobic Life 

●​ The oxygen produced by photosynthesis reacted to form 
ozone (O₃) in the upper atmosphere. 

●​ This ozone layer began to filter harmful ultraviolet (UV) 
radiation from the sun. 

As a result, conditions on Earth became favorable for life on 
land. 

The availability of oxygen also allowed organisms to develop 
aerobic respiration, which produces more energy. 

🧫 4. Evolution of Prokaryotes to Eukaryotes 

●​ The first cells were simple prokaryotes (without a 
nucleus or membrane-bound organelles). 

Later, complex eukaryotic cells appeared about 1.5 billion 
years ago. 

Two main theories explain this transition: 
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🧩 (a) Endosymbiont Hypothesis (Lynn Margulis) 

Proposed by Lynn Margulis, this theory states that: 

●​ A large anaerobic prokaryote engulfed smaller aerobic 
bacteria but did not digest them. 

●​ These smaller bacteria lived symbiotically inside the 
host cell and gradually became organelles. 

●​ Aerobic bacteria ⟶ Mitochondria (energy-producing 
organelles) 

●​ Cyanobacteria ⟶ Chloroplasts (photosynthetic organelles 
in plants) 

This relationship benefited both organisms, increasing 
survival and energy efficiency. 

🧬 (b) Membrane Invagination Hypothesis 

●​ According to this hypothesis, the cell membrane folded 
inward (invaginated) to form internal compartments. 

These folds enclosed genetic material and other structures, 
forming: 
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●​ Nucleus 
●​ Endoplasmic Reticulum 
●​ Golgi bodies 
●​ Mitochondria and chloroplasts (possibly later) 

This internal organization increased the cell’s efficiency and 
complexity. 

🌱 5. Emergence of Multicellular Organisms 

●​ Initially, eukaryotic cells lived independently. 
●​ Over time, some cells grouped together to form 

multicellular organisms. 
●​ Cells specialized into different tissues and organs, 

leading to greater diversity and adaptation. 
●​ This marked the beginning of complex life on Earth — 

plants, animals, and fungi. 

✦ Summary: 

1. Life began near hydrothermal vents as simple prokaryotes. 

2. Photosynthesis introduced oxygen into the atmosphere. 
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3. Ozone layer formed, protecting life from UV rays. 

4. Endosymbiosis and membrane invagination led to 
eukaryotic cells. 

5. Multicellularity resulted in complex and diverse organisms. 

🌟 Q5: Describe the life and scientific voyage of Charles 
Darwin. How did his observations during the Beagle 
expedition lead him to develop the theory of evolution? 

❖ Introduction: 

Charles Robert Darwin (1809–1882) was one of the most 
influential biologists in history. His scientific observations 
and reasoning led to the development of the Theory of 
Evolution by Natural Selection, which completely changed 
human understanding of life on Earth. 

🎓 Early Life and Education: 

●​ Darwin was born in Shrewsbury, England, in 1809. 
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●​ He was interested in nature, plants, and animals from an 
early age. 

●​ He first studied medicine at Edinburgh University, but 
later shifted to Cambridge University to study theology. 

●​ His true passion was natural history, which brought him 
an opportunity that changed his life forever. 

🚢 Voyage of HMS Beagle (1831–1836) 

●​ In 1831, Darwin joined a British survey ship, HMS Beagle, 
as a naturalist. 

●​ The purpose of the expedition was to map the coastline 
of South America, but Darwin used the opportunity to 
observe flora, fauna, and fossils of various regions. 

●​ During this five-year voyage, he collected thousands of 
plant and animal specimens and made detailed notes 
about their structure, habits, and habitats. 

🌎 Observations in South America 

●​ Darwin noticed that plants and animals of South 
America were distinctly different from those of Europe. 

●​ Yet, within South America, the species seemed to be 
closely related to one another, even in distant regions. 
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●​ He also studied fossils of extinct animals and found that 
they resembled modern species of the same region — 
suggesting a possible connection between extinct and 
living forms. 

🐦 Study of Galapagos Finches 

●​ The most significant observations came from the 
Galapagos Islands, located near the western coast of 
South America. 

●​ Darwin noticed that each island had its own unique 
species of animals and birds, especially finches. 

●​ He found 13 varieties of finches, which were very similar 
but had different beak shapes and sizes, adapted to 
different food sources. 

●​ This showed how species could change and adapt to 
their environment — a key idea in the concept of 
evolution. 

🌿 Formation of Darwin’s Ideas: 

From these observations, Darwin concluded that: 

●​ Species are not fixed or unchangeable. 
●​ They can evolve gradually over long periods. 
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●​ Geographical isolation and environmental changes 
cause populations to diverge. 

●​ These ideas became the foundation of his Theory of 
Natural Selection, which he fully developed after 
returning to England. 

🔸Publication of His Work 

●​ Darwin returned to England in 1836 and continued his 
research for years. 

●​ In 1859, he published his famous book “On the Origin of 
Species”, explaining how species evolve through natural 
selection — the survival and reproduction of the fittest 
individuals. 

✦ Summary: 

Charles Darwin’s five-year voyage on HMS Beagle helped him 
discover the diversity of life and the relationship between 
species and their environments. His study of fossils, South 
American fauna, and the unique birds of the Galapagos 
Islands led him to propose that life evolves gradually through 
a process of natural selection, where only the best-adapted 
organisms survive. 
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🌟 Q6: Discuss Darwin’s theory of natural selection. Explain 
its main postulates with examples. 

❖ Introduction: 

●​ The Theory of Natural Selection was proposed by 
Charles Darwin (1809–1882) in his famous book “On the 
Origin of Species” (1859). 

●​ It explains how species evolve and adapt over time. 
According to Darwin, nature itself acts as a selecting 
agent, allowing only the best-adapted individuals to 
survive and reproduce — this process is called Natural 
Selection. 

🌱 Meaning of Natural Selection: 

●​ Natural selection means that individuals with favourable 
traits that help them survive and reproduce in their 
environment are selected by nature, while others with 
less useful traits are eliminated over generations. 

Thus, nature "selects" the fittest individuals and removes the 
unfit ones. 
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📜 Main Postulates of Darwin’s Theory: 

1️⃣ Overproduction of Offspring 

●​ All living organisms produce more offspring than can 
possibly survive. 

For example, a pair of rabbits can produce hundreds of young 
in a year. 

However, resources like food, space, and shelter are limited, 
so not all offspring survive to adulthood. 

This leads to competition among individuals. 

2️⃣ Struggle for Existence 

●​ Because resources are limited, organisms must compete 
for survival. 

This struggle may be: 

●​ Intraspecific – among individuals of the same species. 
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●​ Interspecific – between different species. 
●​ Environmental – against natural challenges (disease, 

drought, etc.). 
●​ Only a few survive this continuous struggle — usually 

those with advantageous traits. 

3️⃣ Variation among Individuals 

●​ No two individuals in a population are exactly alike. 
●​ These variations may appear in size, colour, strength, 

speed, or resistance to disease. 
●​ Some variations are favourable, helping the organism 

survive better. 

Example: Among giraffes, some had longer necks that helped 
them reach higher leaves. 

4️⃣ Survival of the Fittest 

●​ Individuals having useful variations survive longer and 
reproduce more successfully. 

●​ The unfit ones perish. 
●​ This concept is summarized by the phrase “Survival of 

the fittest”, introduced by Herbert Spencer. 
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Example: Giraffes with longer necks survived better during 
food shortage, while shorter-necked ones died out. 

5️⃣ Inheritance of Favourable Traits 

●​ The favourable traits of the fittest individuals are passed 
on to their offspring. 

●​ Over many generations, these traits become common in 
the population. 

As a result, new species may arise that are better adapted to 
their environment. 

Example: The finches of the Galapagos Islands evolved 
different beak shapes suited to their food types. 

🐦 Examples of Natural Selection 

1. Giraffe’s Long Neck: 

●​ Early giraffes had both short and long necks. During 
droughts, only those with longer necks could reach tall 
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tree leaves. Over time, long-necked giraffes survived and 
reproduced, while short-necked ones disappeared. 

2. Darwin’s Finches: 

●​ On Galapagos Islands, finches developed different beak 
shapes to eat seeds, insects, or fruits. 

●​ These adaptations helped them survive in different 
environments, leading to the formation of new species. 

✦ Summary: 

Darwin’s Theory of Natural Selection explains that: 

●​ All organisms vary from one another. 
●​ Due to overproduction, a struggle for existence occurs. 
●​ Only the fittest survive, reproduce, and pass on their 

favourable traits. 

Over time, this leads to the evolution of new and 
better-adapted species. 

Thus, natural selection is the driving force of evolution. 
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🌟 Q7: Define Neo-Darwinism. How does it differ from 
Darwin’s original theory of evolution? 

❖ Definition: 

●​ Neo-Darwinism or the Modern Evolutionary Synthesis is 
the updated form of Darwin’s theory that combines 
natural selection with Mendelian genetics. 

●​ It explains that evolution occurs through changes in 
gene frequencies within a population caused by 
mutation, recombination, and natural selection. 

Explanation: 

●​ Charles Darwin proposed that evolution happens 
through the survival of the fittest, but he could not 
explain the source or inheritance of variations. 

●​ Later, scientists discovered that genes are responsible for 
heredity and mutations create variations. 

●​ By combining Darwin’s ideas with Mendel’s laws of 
inheritance and modern population genetics, the theory 
of Neo-Darwinism was formed. 

●​ It shows that new species arise gradually through small 
genetic changes over many generations. 
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Main Contributors: 

Several scientists contributed to Neo-Darwinism: 

●​ Gregor Mendel discovered the laws of inheritance. 
●​ Fisher, Haldane, and Wright developed population 

genetics. 
●​ Dobzhansky, Mayr, and Simpson integrated genetics 

with ecology, taxonomy, and paleontology. 

✦ Differences Between Darwinism and Neo-Darwinism: 

Darwin’s Theory: 

●​ Darwin explained evolution by natural selection, 
emphasizing that individuals with useful variations 
survive and reproduce. However, he did not know how 
variations appear or how traits are passed to offspring. 

Neo-Darwinism: 
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●​ Neo-Darwinism explains that mutations and genetic 
recombination produce variations. These variations are 
controlled by genes, and natural selection acts on them. 

●​ Evolution is seen as a change in the gene frequency of a 
population rather than just the survival of the fittest 
individuals. 

Examples: 

1. Peppered Moth: 

●​ During industrial pollution, dark-colored moths survived 
better than light ones because of better camouflage. This 
change was due to a genetic mutation favored by natural 
selection. 

2. Darwin’s Finches: 

●​ Different beak shapes evolved due to genetic variations 
and adaptation to food types on different islands. 

 ✦ Summary: 
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●​ Neo-Darwinism improved Darwin’s theory by including 
the modern concept of genetic inheritance. 

●​ It explains that evolution results from mutations, 
recombination, natural selection, and isolation, causing 
gradual changes in gene frequencies. 

Hence, it gives a complete scientific explanation of how 
evolution works. 

🌟 Q8: Explain the main features of Neo-Darwinism or 
Modern Evolutionary Synthesis. 

❖ Introduction: 

●​ The modern evolutionary synthesis, or Neo-Darwinism, 
combines Darwin’s theory of natural selection with 
Mendelian genetics. 

●​ It explains evolution as a genetic process acting on 
populations over long periods of time. 

1. Evolution as a Change in Gene Frequency 
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●​ According to Neo-Darwinism, evolution occurs when the 
frequency of genes (alleles) in a population changes from 
one generation to another. 

●​ This gradual change in the genetic composition of a 
population leads to evolution. 

2. Sources of Variation 

Variation is the foundation of evolution. It arises from: 

●​ Mutation: Sudden changes in the DNA that create new 
traits. 

●​ Genetic Recombination: Mixing of genes during meiosis 
that produces new combinations. 

●​ Gene Flow: Movement of individuals between 
populations that introduces new genes. 

These variations provide the raw material for natural 
selection to act upon. 

3. Role of Natural Selection 

●​ Natural selection is the driving force of evolution. 

 



107 
 

●​ Individuals with advantageous genetic traits survive and 
reproduce more successfully, passing these traits to their 
offspring. 

Over time, the favorable genes become more common in the 
population. 

4. The Concept of Gene Pool 

●​ All the genes present in a population form its gene pool. 
●​ Evolution means a change in the composition of this 

gene pool over generations due to natural selection and 
genetic variation. 

5. Role of Isolation 

●​ Isolation is important in forming new species. 
●​ When populations are separated by physical or 

reproductive barriers, they stop interbreeding. 

Over time, genetic differences accumulate, leading to 
speciation (formation of new species). 

6. Adaptation 
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●​ As species evolve, they gradually adapt to their 
environment. 

●​ Adaptations result from the accumulation of beneficial 
mutations that help organisms survive better in their 
surroundings. 

7. Integration of Various Fields 

Neo-Darwinism is called a “modern synthesis” because it 
unites information from: 

●​ Genetic  
●​ Paleontology 
●​ Taxonomy 
●​ Ecology 
●​ Biogeography 

This makes it a complete explanation of evolutionary 
processes. 

Examples: 

1. Antibiotic Resistance in Bacteria: 
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●​ Mutations in bacterial DNA make them resistant to 
antibiotics, and natural selection favors these resistant 
bacteria. 

2. Industrial Melanism in Moths: 

●​ Polluted environments favored dark moths; when 
pollution reduced, lighter moths again became common. 

✦ Summary: 

●​ Neo-Darwinism explains evolution as a gradual genetic 
process based on variation, natural selection, and 
heredity. 

●​ It provides a complete mechanism for how species 
change and adapt through time. 

●​ The theory unites genetics and evolution into one 
scientific framework. 

🌟 Q9: Write short notes on the following: 

❖ Answer: 
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(a) Biogeographical Evidence 

Definition: Biogeography is the study of the geographical 
distribution of species across different regions of the world. 

Explanation: 

●​ Charles Darwin first noticed that species in different 
regions, particularly islands, were unique but closely 
related to species of nearby mainlands. This suggested 
that species evolved from common ancestors and 
adapted to local environments. 

Examples: 

●​ The Galapagos finches evolved different beak shapes 
depending on the island’s food source. 

●​ Armadillos are found only in America, showing they 
evolved from ancestors in that continent. 

Significance: 
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●​ Biogeography provides strong evidence for evolution and 
adaptation based on geographical isolation. 

(b) Comparative Anatomy 

●​ Definition: Comparative anatomy is the study of 
structural similarities and differences between species. 

Explanation: 

●​ Species that are closely related share similar anatomical 
structures, even if their functions differ. Such 
homologous structures indicate a common ancestry. 

Examples: 

●​ The forelimbs of humans, cats, whales, and bats have the 
same skeletal elements but perform different functions 
(grasping, walking, swimming, flying). 

●​ Flower parts in plants (sepals, petals, stamens, carpels) 
evolved from leaves. 

Significance: 
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●​ It demonstrates that evolution is a remodeling process, 
where structures are modified for new functions over 
time. 

(c) Vestigial Organs 

Definition: Vestigial organs are remnants of structures that 
were functional in ancestors but have lost their original 
function in modern species. 

Examples: 

●​ Pelvic bones in whales and snakes. 
●​ Vermiform appendix in humans. 
●​ Ear muscles in humans. 

Significance: 

●​ These organs are historical evidence of evolution, 
showing that species descended from ancestors with 
functional versions of these organs. 

(d) Comparative Embryology 
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Definition: Comparative embryology studies the similarities 
and differences in embryonic development of different 
species. 

Explanation: 

Closely related organisms go through similar embryonic 
stages, indicating common ancestry. Differences appear only 
later as species develop distinct characteristics. 

Examples: 

●​ All vertebrate embryos have gill pouches in early stages. 
●​ In fish, these develop into gills; in humans, they form 

parts of the ear and throat (Eustachian tube). 

Significance: 

●​ It shows homology in development, supporting the idea 
that diverse species evolved from a common ancestor. 

(e) Molecular Biology as Evidence of Evolution 
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Definition: Molecular biology studies DNA, genes, and 
proteins to understand relationships among species. 

Explanation: 

●​ Species with similar DNA and protein sequences are 
more closely related, indicating they share a common 
ancestor. 

Examples: 

●​ All life forms use the same genetic code. 
●​ Cytochrome c, a protein involved in respiration, is found 

in all aerobic species. 

Significance: 

●​ Molecular biology provides strong, modern evidence for 
evolution and explains the unity and diversity of life at 
the genetic level. 

✦ Summary: 
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Evolution leaves many observable traces across biology. 
Biogeography shows adaptation to environment, comparative 
anatomy and vestigial organs reveal ancestral relationships, 
comparative embryology demonstrates developmental 
homology, and molecular biology confirms genetic continuity. 

Together, these lines of evidence strongly support Darwin’s 
theory of evolution. 
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	Class: 12th 
	Subject: Biology  
	Chapter 24: Evolution  
	⭐ Important MCQs – History of Evolutionary Thought and Scientists 
	1. Who introduced binomial nomenclature for naming species? 
	(a) Lamarck (1744–1829) 
	(b) Linnaeus (1707–1778) ✅ 
	(c) Darwin (1809–1882) 
	(d) Mendel (1822–1884) 
	2. Linnaeus (1707–1778) is best known for: 
	(a) Fossil studies 
	(b) Classification and binomial nomenclature ✅ 
	(c) Theory of evolution 
	(d) Mendelian inheritance 
	3. Who published the theory of inheritance of acquired characteristics? 
	(a) Lamarck (1744–1829) ✅ 
	(b) Lyell (1797–1875) 
	(c) Darwin (1809–1882) 
	(d) Malthus (1766–1834) 
	4. Malthus (1766–1834) is known for: 
	(a) Principles of Geology 
	(b) Essay on the “Principle of Population” ✅ 
	(c) Evolution of species 
	(d) Classification 
	5. Cuvier (1769–1832) contributed mainly to: 
	(a) Comparative anatomy 
	(b) Palaeontology and catastrophism ✅ 
	(c) Genetics 
	(d) Natural selection 
	6. Lyell (1797–1875) authored: 
	(a) Principles of Geology ✅ 
	(b) On the Origin of Species 
	(c) Essay on Population 
	(d) Theory of Evolution 
	7. Darwin (1809–1882) observed Galapagos finches during: 
	(a) Voyage of HMS Beagle ✅ 
	(b) Essay on Population 
	(c) Fossil studies in Europe 
	(d) Laboratory experiments 
	8. Darwin (1809–1882) proposed: 
	(a) Special Creation 
	(b) Natural Selection and Descent with Modification ✅ 
	(c) Inheritance of acquired traits 
	(d) Catastrophism 
	9. Mendel (1822–1884) is known for: 
	(a) Theory of Evolution 
	(b) Laws of Inheritance ✅ 
	(c) Classification 
	(d) Principles of Geology 
	10. Wallace (1823–1913) independently proposed: 
	(a) Mendelian inheritance 
	(b) Theory of natural selection ✅ 
	(c) Special Creation 
	(d) Principles of Geology 
	11. The scientist who classified organisms and believed species were permanent creations: 
	(a) Linnaeus (1707–1778) ✅ 
	(b) Lamarck (1744–1829) 
	(c) Darwin (1809–1882) 
	(d) Wallace (1823–1913) 
	12. The young naturalist who sent his theory to Darwin: 
	(a) Mendel (1822–1884) 
	(b) Wallace (1823–1913) ✅ 
	(c) Lyell (1797–1875) 
	(d) Cuvier (1769–1832) 
	13. The essay “Principles of Geology” influenced Darwin’s: 
	(a) Study of fossils 
	(b) Idea of gradual change in species ✅ 
	(c) Binomial nomenclature 
	(d) Laws of inheritance 
	14. Which scientist is associated with Palaeontology and explaining Earth’s history through catastrophism? 
	(a) Cuvier (1769–1832) ✅ 
	(b) Lyell (1797–1875) 
	(c) Darwin (1809–1882) 
	(d) Lamarck (1744–1829) 
	15. Darwin’s (1809–1882) “On the Origin of Species” was published in: 
	(a) 1836 
	(b) 1844 
	(c) 1859 ✅ 
	(d) 1865 

	‎🩸Important MCQs: 
	1. The theory which explains that all living things were created in their present form is called: 
	(a) Theory of Evolution 
	(b) Theory of Natural Selection 
	(c) Theory of Special Creation ✅ 
	(d) Endosymbiont Hypothesis 
	2. The theory of Special Creation was supported by: 
	(a) Charles Darwin 
	(b) Carolus Linnaeus ✅ 
	(c) Lamarck 
	(d) Aristotle 
	3. According to the theory of evolution, organisms: 
	(a) Remain unchanged 
	(b) Evolve from one form to another over time ✅ 
	(c) Were specially created 
	(d) Have no interrelationship 
	4. The idea of evolution was first discussed during the time of: 
	(a) Mendel 
	(b) Aristotle ✅ 
	(c) Darwin 
	(d) Pasteur 
	5. Carolus Linnaeus was famous for: 
	(a) Discovering DNA 
	(b) Classifying organisms ✅ 
	(c) Inventing microscope 
	(d) Explaining photosynthesis 
	6. Linnaeus believed that species were: 
	(a) Changing over time 
	(b) Permanent creations ✅ 
	(c) Formed by natural selection 
	(d) Result of mutation 
	7. The classification system of Linnaeus later supported the ideas of: 
	(a) Lamarck 
	(b) Darwin ✅ 
	(c) Aristotle 
	(d) Wallace 
	8. According to one hypothesis, life may have begun in: 
	(a) Cold oceans 
	(b) Underwater hot springs (hydrothermal vents) ✅ 
	(c) Volcanoes 
	(d) Cloud layers 
	9. Archaeobacteria support the theory of: 
	(a) Endosymbiosis 
	(b) Hydrothermal vent origin of life ✅ 
	(c) Special Creation 
	(d) Artificial selection 
	10. The first photosynthetic organisms used ______ as a hydrogen source. 
	(a) Water 
	(b) Hydrogen sulfide ✅ 
	(c) Carbon dioxide 
	(d) Methane 
	11. When organisms began to use water in photosynthesis, ______ was released into the atmosphere. 
	(a) Carbon dioxide 
	(b) Oxygen ✅ 
	(c) Nitrogen 
	(d) Hydrogen sulfide 
	12. Formation of ozone layer made life possible: 
	(a) In deep oceans 
	(b) On land ✅ 
	(c) In the air 
	(d) Only underground 
	13. The first cells on earth were most likely: 
	(a) Complex eukaryotic cells 
	(b) Multicellular organisms 
	(c) Simple prokaryotic cells ✅ 
	(d) Viruses 
	14. Prokaryotes are believed to have arisen about: 
	(a) 1.5 billion years ago 
	(b) 3.5 billion years ago ✅ 
	(c) 5 million years ago 
	(d) 420 million years ago 
	15. The endosymbiont hypothesis was proposed by: 
	(a) Charles Darwin 
	(b) Lynn Margulis ✅ 
	(c) Carolus Linnaeus 
	(d) Gregor Mendel 
	16. According to endosymbiont hypothesis, mitochondria evolved from: 
	(a) Cyanobacteria 
	(b) Aerobic bacteria ✅ 
	(c) Anaerobic bacteria 
	(d) Archaea 
	17. Flagella may have evolved from: 
	(a) Amoeboid cells 
	(b) Spirochetes ✅ 
	(c) Cyanobacteria 
	(d) Viruses 
	18. The development of chloroplasts is believed to have occurred through endosymbiosis of: 
	(a) Spirochetes 
	(b) Cyanobacteria ✅ 
	(c) Archaebacteria 
	(d) Aerobic bacteria 
	19. The hypothesis suggesting that the cell membrane folded inward to form organelles is called: 
	(a) Invagination hypothesis ✅ 
	(b) Mutation hypothesis 
	(c) Endosymbiont hypothesis 
	(d) Abiogenesis 
	20. The evolution of eukaryotic cells led to: 
	(a) Simpler life forms 
	(b) Decrease in biodiversity 
	(c) Increase in complexity and diversity of life ✅ 
	(d) Disappearance of prokaryotes 
	21. The theory of inheritance of acquired characteristics was proposed by: 
	(a) Charles Darwin 
	(b) Jean Baptiste Lamarck ✅ 
	(c) Alfred Wallace 
	(d) Carolus Linnaeus 
	22. Lamarck published his theory of evolution in the year: 
	(a) 1758 
	(b) 1809 ✅ 
	(c) 1829 
	(d) 1858 
	23. According to Lamarck, organs that are used extensively become: 
	(a) Smaller and weaker 
	(b) Larger and stronger ✅ 
	(c) Non-functional 
	(d) Vestigial 
	24. The example of giraffe’s long neck was given by: 
	(a) Darwin 
	(b) Lamarck ✅ 
	(c) Linnaeus 
	(d) Wallace 
	25. The idea that acquired characteristics can be passed to offspring is: 
	(a) Natural selection 
	(b) Inheritance of acquired characteristics ✅ 
	(c) Descent with modification 
	(d) Neo-Darwinism 
	26. According to modern knowledge, acquired characteristics: 
	(a) Can be inherited 
	(b) Cannot be inherited ✅ 
	(c) Are temporary but hereditary 
	(d) Are controlled by environment only 
	27. Charles Darwin was born in: 
	(a) Paris 
	(b) London 
	(c) Shrewsbury ✅ 
	(d) Cambridge 
	28. Darwin joined the expedition of: 
	(a) The Galapagos 
	(b) The Beagle ✅ 
	(c) The Linnaean Society 
	(d) The Wallace Voyage 
	29. Darwin observed 13 different types of finches on: 
	(a) Caribbean Islands 
	(b) Galapagos Islands ✅ 
	(c) Hawaiian Islands 
	(d) Canary Islands 
	30. Darwin concluded that the finches of Galapagos evolved due to: 
	(a) Mutation 
	(b) Geographical isolation ✅ 
	(c) Hybridization 
	(d) Artificial selection 
	31. The book Origin of Species was published in: 
	(a) 1844 
	(b) 1858 
	(c) 1859 ✅ 
	(d) 1861 
	32. The concept of “Descent with Modification” means: 
	(a) Sudden creation of new species 
	(b) All organisms are related through common ancestry ✅ 
	(c) Each species is unique and unconnected 
	(d) Life forms remain unchanged 
	33. Darwin’s idea of natural selection was supported by: 
	(a) Lamarck 
	(b) Alfred Wallace ✅ 
	(c) Linnaeus 
	(d) Mendel 
	34. Neo-Darwinism is also called: 
	(a) Modern Evolutionary Synthesis ✅ 
	(b) Mutation Theory 
	(c) Acquired Theory 
	(d) Artificial Selection 
	35. Neo-Darwinism combined the work of: 
	(a) Darwin and Lamarck 
	(b) Darwin and Mendel ✅ 
	(c) Mendel and Linnaeus 
	(d) Wallace and Lamarck 
	36. The geographical distribution of species is known as: 
	(a) Biogeography ✅ 
	(b) Paleontology 
	(c) Ecology 
	(d) Evolutionary anatomy 
	37. The oldest known fossils are of: 
	(a) Eukaryotes 
	(b) Prokaryotes ✅ 
	(c) Amphibians 
	(d) Mammals 
	38. The fossil record shows that vertebrates appeared in the order: 
	(a) Mammals ⟶ Reptiles ⟶ Fishes ⟶ Birds 
	(b) Fishes ⟶ Amphibians ⟶ Reptiles ⟶ Mammals and Birds ✅ 
	(c) Birds ⟶ Mammals ⟶ Fishes ⟶ Amphibians 
	(d) Reptiles ⟶ Mammals ⟶ Amphibians ⟶ Fishes 
	39. Structures that have a common origin but different functions are called: 
	(a) Analogous structures 
	(b) Homologous structures ✅ 
	(c) Vestigial organs 
	(d) Heterologous organs 
	40. Similarities in embryonic stages of vertebrates show evidence of: 
	(a) Mutation 
	(b) Common ancestry ✅ 
	(c) Adaptation 
	(d) Extinction 
	41. Natural selection occurs due to the interaction between: 
	(a) Organisms and environment ✅ 
	(b) Genes and chromosomes 
	(c) Mutations and heredity 
	(d) DNA and proteins 
	42. Artificial selection refers to: 
	(a) Selection by nature 
	(b) Selection by humans ✅ 
	(c) Selection by chance 
	(d) Selection by environment 
	43. The concept of artificial selection was used by Darwin as evidence for: 
	(a) Mutation theory 
	(b) Theory of natural selection ✅ 
	(c) Theory of spontaneous generation 
	(d) Theory of inheritance of acquired characters 
	44. In artificial selection, humans modify: 
	(a) Their own traits 
	(b) Other species for desired traits ✅ 
	(c) Environment only 
	(d) Non-living things 
	45. An example of natural selection seen in modern times is: 
	(a) Growth of plants 
	(b) Antibiotic resistance in bacteria ✅ 
	(c) Cross-breeding in cattle 
	(d) Hybrid corn production 
	46. Natural selection can act only on: 
	(a) Acquired variations 
	(b) Heritable variations ✅ 
	(c) Behavioral changes 
	(d) Environmental effects 
	47. A group of interbreeding individuals of the same species living in one area is called a: 
	(a) Community 
	(b) Population ✅ 
	(c) Ecosystem 
	(d) Colony 
	48. The total of all genes in a population at a given time is called the: 
	(a) Genome 
	(b) Gene pool ✅ 
	(c) Chromosome set 
	(d) Allelic sum 
	49. When all members of a population are homozygous for the same allele, that allele is said to be: 
	(a) Dominant 
	(b) Recessive 
	(c) Fixed ✅ 
	(d) Lost 
	50. In a population, the frequency of an allele represents: 
	(a) The total number of genes in the species 
	(b) The proportion of that allele in the gene pool ✅ 
	(c) The number of chromosomes 
	(d) The dominance of one trait 
	51. The Hardy-Weinberg theorem describes the frequencies of ______ in non-evolving populations. 
	(a) Ecosystems 
	(b) Genotypes ✅ 
	(c) Cells 
	(d) Enzymes 
	52. According to the Hardy-Weinberg theorem, allele frequencies remain constant unless acted upon by ______. 
	(a) Sexual recombination 
	(b) Agents other than sexual recombination ✅ 
	(c) Gene mutation 
	(d) Natural selection only 
	53. The Hardy-Weinberg equation is expressed as: 
	(a) (p + q)² = 1 ✅ 
	(b) p² + q² = 1 
	(c) p + q = 2 
	(d) 2pq = 1 
	54. In the Hardy-Weinberg equation, p represents the frequency of: 
	(a) The recessive allele 
	(b) The dominant allele ✅ 
	(c) Both alleles 
	(d) None of these 
	55. If p = 0.8 and q = 0.2, then the frequency of heterozygous genotype (Aa) will be: 
	(a) 0.16 
	(b) 0.32 ✅ 
	(c) 0.64 
	(d) 0.04 
	56. The probability of homozygous dominant genotype (AA) in Hardy-Weinberg population is represented by: 
	(a) 2pq 
	(b) p² ✅ 
	(c) q² 
	(d) pq 
	57. The Hardy-Weinberg equation is a binomial expansion of: 
	(a) (p - q)² 
	(b) (p + q)² ✅ 
	(c) (p × q)² 
	(d) (p / q)² 
	58. The most threatened natural area on Earth today is: 
	(a) Deserts 
	(b) Tropical rain forests ✅ 
	(c) Grasslands 
	(d) Coral reefs 
	59. An endangered species is one that is: 
	(a) Common in all habitats 
	(b) In imminent danger of extinction ✅ 
	(c) Easily adaptable 
	(d) Found in abundance 
	60. Which of the following animals has been declared extinct in Pakistan? 
	(a) Indus dolphin 
	(b) Blackbuck 
	(c) Cheetah ✅ 
	(d) Houbara bustard 

	‎🩸Q2: Exercise Short Questions  
	1. What are hydrothermal vents? 
	👉 Answer: 
	Hydrothermal vents are openings in the ocean floor from which hot, mineral-rich water flows. These vents provide energy and nutrients that support unique ecosystems, where organisms can survive without sunlight by using chemosynthesis. 
	2. State Endosymbiont hypothesis. 
	👉 Answer: 
	The Endosymbiont hypothesis states that mitochondria and chloroplasts originated as free-living prokaryotes that were engulfed by ancestral eukaryotic cells and developed a symbiotic relationship, eventually becoming permanent cell organelles. 
	3. Define population genetics. 
	👉 Answer: 
	Population genetics is the study of how allele frequencies in a population change over time due to evolutionary processes such as mutation, selection, migration, and genetic drift. 
	4. How does fossil record provide evidence of evolution? 
	👉 Answer: 
	The fossil record shows how organisms have changed over long periods of time. It provides evidence of transitional forms between ancient and modern species, indicating a gradual evolutionary process. 
	5. Explain the term homology with a suitable example. 
	👉 Answer: 
	Homology refers to similarity in structure between different organisms due to common ancestry. 
	Example: The forelimbs of humans, bats, and whales have similar bone structures but are adapted for different functions like grasping, flying, and swimming. 
	6. What are vestigial organs? Give two examples. 
	👉 Answer: 
	Vestigial organs are structures that have lost their original function through evolution but remain as traces in the body. 
	Examples: 
	●​Appendix in humans 
	●​Hind limb bones in whales 
	7. How are evolutionary relationships reflected in DNA and proteins? 
	👉 Answer: 
	Evolutionary relationships are shown by similarities in DNA sequences and protein structures. Closely related species have more similar genetic codes and amino acid sequences, indicating a common ancestry. 
	8. State Hardy-Weinberg theorem. 
	👉 Answer: 
	The Hardy-Weinberg theorem states that the frequencies of alleles and genotypes in a population remain constant from generation to generation unless influenced by external factors such as mutation, migration, selection, or genetic drift. 
	9. What is the difference between endangered species and threatened species? 
	👉 Answer: 
	●​Endangered species: Species that are in immediate danger of extinction throughout their range. 
	●​Threatened species: Species that are likely to become endangered in the near future if protective measures are not taken. 
	10. Name any five species declared extinct in Pakistan. 
	👉 Answer: 
	●​Cheetah 🐆 
	●​Tiger 🐅 
	●​Asian lion 🦁 
	●​Indian rhino 🦏 
	●​Cheer pheasant 🐦 

	Important Short Questions: 
	1. What is the Theory of Special Creation? 
	👉 Answer: 
	According to the Theory of Special Creation, all living organisms were created in their present form by Nature or Divine Power and do not undergo change over time. 
	2. Who was Carolus Linnaeus and what were his beliefs? 
	👉 Answer: 
	Carolus Linnaeus (1707–1778) was a naturalist who classified organisms into groups but believed that species were permanent creations made by God. 
	3. What is the Theory of Evolution? 
	👉 Answer: 
	The Theory of Evolution states that organisms change gradually over time, and one type of organism can give rise to another through natural processes such as natural selection. 
	4. Who proposed the Endosymbiont Hypothesis? 
	👉 Answer: 
	The Endosymbiont Hypothesis was proposed by Lynn Margulis. 
	5. What does the Endosymbiont Hypothesis explain? 
	👉 Answer: 
	It explains that eukaryotic cells evolved when large prokaryotic cells ingested smaller bacteria that later became organelles like mitochondria and chloroplasts. 
	6. What are hydrothermal vents and their role in evolution? 
	👉 Answer: 
	Hydrothermal vents are underwater hot springs that might have provided the energy and raw materials necessary for the origin of early life on Earth. 
	7. How did oxygen accumulate in the atmosphere? 
	👉 Answer: 
	Oxygen accumulated through photosynthesis by early organisms, first using hydrogen sulfide and later water, releasing oxygen as a by-product. 
	8. What role did ozone play in the evolution of life? 
	👉 Answer: 
	The ozone layer formed in the upper atmosphere and protected organisms from harmful UV radiation, making life on land possible about 420 million years ago. 
	9. When did prokaryotes and eukaryotes first appear on Earth? 
	👉 Answer: 
	●​Prokaryotes appeared about 3.5 billion years ago. 
	●​Eukaryotes appeared about 1.5 billion years ago. 
	10. How did multicellular organisms evolve from eukaryotic cells? 
	👉 Answer: 
	Eukaryotic cells first existed singly, but over time, some evolved into multicellular organisms, with specialized tissues and organs adapted to various environments. 
	11. Who was Jean Baptiste Lamarck? 
	👉 Answer: 
	Jean Baptiste Lamarck (1744–1829) was a French naturalist who proposed one of the earliest theories of evolution based on the inheritance of acquired characteristics. 
	12. What is Lamarck’s theory of inheritance of acquired characteristics? 
	👉 Answer: 
	Lamarck proposed that traits acquired during an organism’s lifetime (like a giraffe’s long neck) can be passed to offspring. However, this theory is not accepted today. 
	13. Give two examples cited by Lamarck to explain his theory. 
	👉 Answer: 
	●​Blacksmith’s arm becomes strong by use. 
	●​Giraffe’s neck becomes long by continuous stretching to reach leaves. 
	14. Why is Lamarck’s theory rejected? 
	👉 Answer: 
	Because acquired characteristics are not inherited genetically; only heritable traits controlled by genes can be passed to the next generation. 
	15. Who was Charles Darwin and what was his major contribution? 
	👉 Answer: 
	Charles Darwin (1809–1882) was a British naturalist who proposed the Theory of Natural Selection and wrote the famous book “The Origin of Species” (1859). 
	16. What did Darwin observe on the Galapagos Islands? 
	👉 Answer: 
	Darwin found 13 species of finches, each adapted to different food sources, showing how species diversify due to environmental differences. 
	17. What are the two main points of Darwin’s theory mentioned in “The Origin of Species”? 
	👉 Answer: 
	1. Descent with modification 
	2. Natural selection and adaptation 
	18. Define “Descent with Modification.” 
	👉 Answer: 
	It means all species are descended from common ancestors, but over time they accumulate modifications leading to diversity in life forms. 
	19. What is natural selection according to Darwin? 
	👉 Answer: 
	Natural selection is a process where individuals with favorable inherited traits survive and reproduce more successfully than others in their environment. 
	20. Name the three main observations on which Darwin based his theory of natural selection. 
	👉 Answer: 
	1. Overproduction of offspring. 
	2. Struggle for existence. 
	3. Survival of the fittest (those best adapted reproduce). 
	21. Who was Alfred Wallace and what was his contribution? 
	👉 Answer: 
	Alfred Russel Wallace was a British naturalist who independently developed a theory of natural selection similar to Darwin’s, leading Darwin to publish his own work. 
	22. What is Neo-Darwinism? 
	👉 Answer: 
	Neo-Darwinism or the modern synthesis combines Darwin’s natural selection with Mendel’s genetics, explaining evolution through genetic variation and inheritance. 
	23. What is biogeography and how does it support evolution? 
	👉 Answer: 
	Biogeography is the study of the geographical distribution of species. It shows that closely related species often live in nearby regions, suggesting common ancestry. 
	24. What evidence does the fossil record provide for evolution? 
	👉 Answer: 
	The fossil record shows a chronological sequence of organisms, proving that simple life forms evolved into more complex ones over time. 
	25. What are homologous structures? Give an example. 
	👉 Answer: 
	Homologous structures are body parts that share a common ancestral origin but may have different functions. 
	Example: Forelimbs of humans, whales, and bats. 
	26. What are hydrothermal vents? 
	👉 Answer: 
	Hydrothermal vents are underwater hot springs found deep in oceans that release mineral-rich water and provide energy and raw materials for the origin of early life. 
	27. What role did photosynthesis play in the evolution of life? 
	👉 Answer: 
	Photosynthesis helped produce food and release oxygen, changing the atmosphere from reducing to oxidizing and making life on land possible. 
	28. What is the Endosymbiont Hypothesis? 
	👉 Answer: 
	The Endosymbiont Hypothesis suggests that eukaryotic cells evolved when large prokaryotes ingested smaller bacteria that lived inside them and later became organelles like mitochondria and chloroplasts. 
	29. Who proposed the Endosymbiont Hypothesis and what does it explain? 
	👉 Answer: 
	It was proposed by Lynn Margulis, and it explains the origin of mitochondria and chloroplasts in eukaryotic cells from once free-living bacteria. 
	30. How did the formation of the ozone layer affect life on Earth? 
	👉 Answer: 
	The ozone layer filtered harmful ultraviolet radiation, allowing life to survive on land and marking a major step in the evolution of complex organisms. 
	31. What does the Hardy-Weinberg theorem state? 
	Answer: 
	👉 It states that allele and genotype frequencies in a population remain constant from generation to generation unless acted upon by evolutionary forces other than sexual recombination. 
	32. Who proposed the Hardy-Weinberg theorem and when? 
	Answer: 
	👉 It was proposed independently by G.H. Hardy and Wilhelm Weinberg in 1908. 
	33. What is the Hardy-Weinberg equation? 
	Answer: 
	👉 The equation is (p + q)² = p² + 2pq + q² = 1, where p and q represent the frequencies of two alleles in a population. 
	34. What does p², 2pq, and q² represent in the Hardy-Weinberg equation? 
	Answer 
	👉 p² = frequency of homozygous dominant (AA) 
	👉 2pq = frequency of heterozygous (Aa) 
	👉 q² = frequency of homozygous recessive (aa) 
	35. What does genetic equilibrium mean? 
	Answer: 
	👉 It means a state in which allele and genotype frequencies in a population remain constant over generations, showing no evolution. 
	36. Name five factors that can alter gene frequency in a population. 
	Answer: 
	👉 Mutation, genetic drift, gene flow, natural selection, and non-random mating. 
	37. What is an endangered species? 
	Answer: 
	👉 A species that is in imminent danger of extinction throughout its range. 
	38. What is the difference between endangered and threatened species? 
	Answer: 
	👉 Endangered species are on the brink of extinction, while threatened species are likely to become endangered soon. 
	39. Name any five animal species declared extinct in Pakistan. 
	Answer: 
	👉 Cheetah, Tiger, Asian Lion, Indian Rhino, and Crocodile. 
	40. What are the main causes of extinction of species? 
	Answer: 
	👉 Habitat destruction, climate change, pollution, and introduction of foreign species. 

	‎🩸Q4: Extensive Questions 
	🌟 Q1: What are the Endangered Species? What measures could be adopted for their preservation? 
	❖ Introduction: 
	Endangered species are those organisms—plants or animals—that are at risk of extinction in the near future. Human activities such as deforestation, pollution, and overhunting have seriously disturbed natural ecosystems. Protecting these species helps to maintain biodiversity and ecological balance on Earth. 
	🔹 Definition: 
	👉 Endangered Species: 
	A species that is in imminent danger of extinction throughout its natural habitat. 
	👉 Threatened Species: 
	A species that is likely to become endangered soon if protective measures are not taken. 
	🔹 Causes of Endangerment: 
	1. Habitat Destruction: Forest cutting, farming, and urban growth destroy natural homes of animals. 
	2. Pollution: Industrial waste, chemicals, and plastic pollute air, water, and soil. 
	3. Climate Change: Changes in global temperature and rainfall disturb breeding and feeding patterns. 
	4. Overhunting and Overfishing: Uncontrolled killing reduces population numbers. 
	5. Invasive Species: Non-native species compete with native ones for food and space. 
	🔹 Examples of Endangered and Extinct Species in Pakistan: 
	🔹 Habitats in Danger in Pakistan: 
	●​Deserts 
	●​Sub-mountainous Tracts 
	●​Wetlands 
	These regions are under severe threat due to land clearing and water misuse. 
	🔹 Measures for Preservation of Endangered Species: 
	1. Establishment of National Parks and Sanctuaries: 
	●​Protect species in their natural environment without human disturbance. 
	2. Conservation of Habitats: 
	●​Restore forests, grasslands, and wetlands for animal survival. 
	3. Wildlife Corridors: 
	●​Connect isolated populations to promote safe migration and gene flow. 
	4. Controlled Multiple-use Areas: 
	●​Allow limited human use while keeping ecological balance. 
	5. Zoos and Botanical Gardens: 
	●​Breed rare species in captivity and reintroduce them into the wild. 
	6. Public Awareness: 
	●​Educate people through media and schools about the importance of wildlife conservation. 
	7. Laws and Global Cooperation: 
	●​Enforce wildlife protection laws and follow international agreements like CITES. 
	🔹 Importance of Preservation: 
	●​Maintains biodiversity and ecological stability. 
	●​Provides new resources for medicine, food, and research. 
	●​Ensures sustainability for future generations. 
	✦ Summary: 
	●​Endangered species face extinction due to human activities. 
	●​Major causes: habitat loss, pollution, climate change, and hunting. 
	●​Preservation methods: protected areas, conservation laws, breeding programs, and awareness. 
	●​Conservation ensures ecological balance and benefits future generations. 
	🌟 Q2: State and Explain Hardy-Weinberg Theorem 
	❖ Introduction: 
	●​The Hardy-Weinberg theorem is one of the most important principles in population genetics. 
	●​It describes how gene (allele) frequencies remain constant from one generation to the next in a non-evolving population — provided that certain conditions are met. 
	●​This principle provides a mathematical model to study genetic variations within a population. 
	🔹 Statement of Hardy-Weinberg Theorem: 
	👉 “In a large, randomly mating population, where there is no mutation, migration, or natural selection, the frequencies of alleles and genotypes remain constant from generation to generation.” 
	This is called genetic equilibrium — meaning the population is not evolving. 
	🔹 Explanation: 
	Let: 
	●​p = frequency of dominant allele (A) 
	●​q = frequency of recessive allele (a) 
	Since there are only two alleles of a gene, 
	➡️ p + q = 1 
	According to the Hardy-Weinberg theorem, after random mating, the frequency of genotypes can be represented as: 
	➡️ p² + 2pq + q² = 1 
	Where: 
	p² = frequency of homozygous dominant (AA) individuals 
	2pq = frequency of heterozygous (Aa) individuals 
	q² = frequency of homozygous recessive (aa) individuals 
	🔹 Example: 
	Suppose, in a population of rabbits: 
	●​Allele for black fur (B) = dominant 
	●​Allele for white fur (b) = recessive 
	If p = 0.8 and q = 0.2, then: 
	●​BB = p² = (0.8)² = 0.64 
	●​Bb = 2pq = 2(0.8)(0.2) = 0.32 
	●​bb = q² = (0.2)² = 0.04 
	Thus, 64% will be black homozygous, 32% heterozygous, and 4% white homozygous. 
	🔹 Conditions for Hardy-Weinberg Equilibrium: 
	To maintain equilibrium (no evolution), the following conditions must exist: 
	1. Large Population Size: 
	●​Reduces the effect of random genetic drift. 
	2. Random Mating: 
	●​Each individual has an equal chance of mating with any other individual. 
	3. No Mutation: 
	●​Genes should not change from one form to another. 
	4. No Migration (Gene Flow): 
	●​No entry or exit of individuals from the population. 
	5. No Natural Selection: 
	●​All genotypes have equal chances of survival and reproduction. 
	🔹 Factors that Disturb Hardy-Weinberg Equilibrium: 
	●​Mutation 
	●​Gene flow (migration) 
	●​Genetic drift 
	●​Non-random mating 
	●​Natural selection 
	These factors cause evolutionary changes in populations. 
	🔹 Importance of the Theorem: 
	●​Helps in studying evolutionary changes. 
	●​Provides a baseline model for genetic studies. 
	●​Used to calculate carrier frequencies of genetic diseases. 
	●​Helps identify whether a population is evolving or stable. 
	●​It explains that gene frequencies remain constant under ideal conditions, and any deviation from this equilibrium indicates that evolutionary forces are acting on the population. 
	✦ Summary: 
	●​Hardy-Weinberg theorem explains genetic equilibrium in populations. 
	Equation: p² + 2pq + q² = 1. 
	Conditions: large population, random mating, no mutation, no migration, no selection. 
	Deviation from equilibrium = evolution. 
	🌟 Q3: Describe evidences of evolution from any five branches of biology. 
	❖ Introduction: 
	●​The concept of evolution states that all organisms have evolved from pre-existing life forms through gradual changes over long periods of time. 
	●​Different branches of biology provide strong evidence that support the theory of evolution proposed by Charles Darwin. 
	●​This evidence comes from morphology, embryology, paleontology, taxonomy, and molecular biology. 
	🔸 1. Evidence from Morphology and Anatomy 
	●​Morphology is the study of external structure, while anatomy deals with internal structure of organisms. 
	●​Comparing body structures of different animals shows similarity in design, which indicates common ancestry. 
	Examples: 
	The forelimbs of humans, bats, whales, and horses have different functions (grasping, flying, swimming, running) but similar bone structure. 
	⟶ Such organs are called Homologous organs and show divergent evolution. 
	🔸 2. Evidence from Embryology 
	●​Embryology is the study of development of an organism from the fertilized egg (zygote). 
	●​In the early developmental stages, embryos of fish, birds, and humans show striking similarities, such as: 
	Presence of gill slits 
	●​Notochord and tail in embryos 
	➡️ These similarities suggest that all vertebrates have evolved from a common ancestor. 
	🔸 3. Evidence from Paleontology (Fossil Record) 
	●​Fossils are preserved remains or impressions of ancient organisms found in rocks. 
	●​The fossil record provides a timeline of life on Earth and shows gradual changes in organisms. 
	Examples: 
	●​Evolution of horse from small dog-sized ancestor (Eohippus) to modern Equus. 
	●​Fossils of Archaeopteryx, which shows features of both reptiles and birds, proving a link between groups. 
	➡️ Fossil evidence clearly supports the concept of descent with modification. 
	🔸 4. Evidence from Taxonomy 
	●​Taxonomy is the science of classification of organisms. 
	●​It classifies organisms based on similarities in structure and origin. 
	●​The grouping of organisms into kingdoms, phyla, classes, and species shows a hierarchical relationship, indicating common ancestry. 
	Example: 
	●​All vertebrates (fish, amphibians, reptiles, birds, mammals) are placed in a single phylum (Chordata) due to similar body plan and origin. 
	🔸 5. Evidence from Molecular Biology 
	●​Modern techniques have revealed molecular similarities among all living organisms. 
	●​Comparison of DNA sequences, RNA, and proteins shows that many species share identical or similar molecules. 
	Examples: 
	●​The genetic code is universal for all living beings. 
	●​Similarities in hemoglobin or cytochrome-c proteins between humans and chimpanzees show a close evolutionary relationship. 
	🔹 Additional Evidence: 
	●​Vestigial Organs: Organs that have lost their original function (e.g., appendix in humans, wings of ostrich). 
	●​Biogeography: Distribution of organisms on Earth also supports evolution (e.g., unique species on islands). 
	🌟 Q4: How did evolution proceed from prokaryotes to eukaryotes? Analyze Darwin's theory of natural selection as a mechanism of evolution. 
	❖ Introduction: 
	●​The process of evolution explains how simple living forms gradually developed into more complex organisms over millions of years. 
	●​Life on Earth began with prokaryotic cells, and over time, these simple cells gave rise to eukaryotic cells through natural processes such as endosymbiosis. 
	Later, Charles Darwin’s theory of natural selection explained the mechanism through which evolution operates in nature. 
	🌿 Part 1: Evolution from Prokaryotes to Eukaryotes 
	🔸 1. Origin of Prokaryotes 
	●​The first organisms on Earth were prokaryotic cells (bacteria-like). 
	●​They appeared around 3.5 billion years ago. 
	●​These cells lacked a nucleus and membrane-bound organelles. 
	●​They obtained energy through anaerobic respiration because early Earth had little oxygen. 
	🔸 2. Development of Autotrophic Prokaryotes 
	●​Some primitive prokaryotes evolved the ability to perform photosynthesis. 
	●​These were the ancestors of cyanobacteria (blue-green algae). 
	●​They released oxygen into the atmosphere, leading to the formation of the ozone layer, making life possible on land. 
	🔸 3. Origin of Eukaryotic Cells (Endosymbiont Hypothesis) 
	●​The Endosymbiont Hypothesis proposed by Lynn Margulis explains how eukaryotic cells evolved from prokaryotic ancestors. 
	Steps in Endosymbiosis: 
	1. A large prokaryotic cell engulfed smaller aerobic bacteria but did not digest them. 
	2. The smaller bacteria started living symbiotically inside the larger cell. 
	3. These internal bacteria evolved into mitochondria, providing energy to the host cell. 
	4. Later, some cells engulfed photosynthetic bacteria, which evolved into chloroplasts. 
	5. Thus, a complex eukaryotic cell with nucleus and organelles was formed. 
	🔸 4. Evidence Supporting Endosymbiosis 
	●​Mitochondria and chloroplasts have their own circular DNA like bacteria. 
	●​They divide by binary fission (like prokaryotes). 
	●​They have 70S ribosomes similar to bacteria. 
	➡️ These facts prove that mitochondria and chloroplasts originated from independent prokaryotic organisms. 
	🌍 Part 2: Darwin’s Theory of Natural Selection 
	🔹 Introduction: 
	Charles Darwin (1809–1882) presented his theory of evolution in his book 
	📘 “On the Origin of Species” (1859). 
	He explained how natural selection is the driving force behind the evolution of species. 
	🔸 1. Main Points of Darwin’s Theory 
	(a) Overproduction: 
	●​Every species produces more offspring than can survive. 
	For example, a fish lays thousands of eggs, but only a few survive. 
	(b) Struggle for Existence: 
	●​Due to limited food and space, individuals compete for survival. 
	●​This results in a constant struggle for life among organisms. 
	(c) Variation: 
	●​Every population shows natural variations among individuals. 
	●​Some variations are favorable (help in survival), while others are not. 
	(d) Survival of the Fittest: 
	●​Only individuals with advantageous variations survive longer and reproduce. 
	●​This process is called natural selection. 
	(e) Inheritance of Favorable Variations: 
	●​The favorable traits are passed on to the next generations. 
	(f) Origin of New Species: 
	●​Over many generations, accumulation of useful variations leads to the formation of new species. 
	🔹 Example of Natural Selection 
	Darwin studied finches on Galápagos Islands: 
	●​Each species of finch had a different beak shape suited to its food source. 
	●​Birds with the best-suited beaks survived and reproduced, while others perished. 
	➡ ️ Over time, new species of finches evolved from a common ancestor. 
	🔹 Importance of Darwin’s Theory 
	●​It provides a scientific explanation for how organisms adapt and evolve. 
	●​It forms the foundation of modern evolutionary biology. 

	‎🩸Important Long Questions: 
	🌟 Q1. Explain the Concept of Evolution and Special Creation. How do they differ from each other? 
	❖ Introduction: 
	The great variety of living organisms on Earth has always been a source of wonder for scientists and philosophers. To explain this diversity, two major ideas appeared in the early nineteenth century — the Theory of Special Creation and the Theory of Evolution. Both theories describe the origin of life but in completely different ways. 
	🧬 Theory of Special Creation: 
	●​According to this theory, all living things were created by a divine power in their present forms. 
	●​The species neither changed nor evolved with time; they were considered permanent and unalterable. 
	●​This idea was based on belief and religious thought rather than scientific evidence. 
	●​Carolus Linnaeus (1707–1778) supported this view. 
	●​Although he introduced a scientific classification system and binomial nomenclature, he believed that species were fixed creations and did not change over generations. 
	Thus, the theory of special creation explained the world as a result of divine design, not natural processes. 
	🌿 Theory of Evolution: 
	●​The Theory of Evolution explains that life developed gradually over millions of years. 
	●​According to this idea, simple forms of life gave rise to more complex ones through a continuous process of change. 
	●​Organisms evolve by adapting to their surroundings, and these adaptations are passed on to future generations. 
	●​Charles Darwin (1809–1882) gave this theory a scientific foundation through his concept of Natural Selection. 
	●​He observed that organisms with beneficial traits survive and reproduce, while those lacking such traits die out. 
	Thus, new species arise slowly through variation, adaptation, and survival of the fittest. 
	⚖️ Difference Between Evolution and Special Creation: 
	●​The two theories are completely opposite in their explanation of life. 
	●​Special Creation teaches that species were made suddenly and remain unchanged, while Evolution shows that species change slowly through natural causes. 
	●​Special Creation depends on belief and religion, whereas Evolution is supported by scientific observation and evidence. 
	●​Creationists believe life appeared all at once, but evolutionists believe life developed gradually from earlier forms. 
	🌏 Importance of Both Concepts: 
	●​The Theory of Evolution gave a strong scientific base to modern biology and helped explain the relationships among all organisms. 
	●​The Theory of Special Creation, though based on faith, represents early human attempts to understand life’s origin. 
	Together, these ideas show how human thought developed from belief to scientific understanding. 
	✦ Summary: 
	●​In conclusion, the Theory of Special Creation explains life as the result of divine action, while the Theory of Evolution describes life as a product of gradual change through natural processes. 
	●​Modern science accepts evolution as the true explanation, supported by fossil, anatomical, and genetic evidence. 
	🌟 Q2: Write a detailed note on the contribution of early scientists to the concept of evolution. 
	❖ Introduction: 
	●​The concept of evolution did not appear suddenly. It developed through the gradual efforts of many scientists. 
	●​From Linnaeus to Darwin and Wallace, every researcher added an important piece to the understanding of how species evolve over time. 
	🧫 1. Carolus Linnaeus (1707–1778) 
	●​Linnaeus was a Swedish scientist known as the Father of Taxonomy. 
	●​He classified plants and animals and introduced binomial nomenclature to name species. 
	●​Although he believed in Special Creation, his classification system later helped Darwin to show the evolutionary relationships among species. 
	🧬 2. Jean Baptiste Lamarck (1744–1829) 
	●​Lamarck was the first scientist to propose a theory of evolution. 
	●​He suggested that organisms could change during their lifetime through use and disuse of organs, and these changes could be inherited by their offspring. 
	For example, giraffes developed long necks by stretching to reach leaves. 
	●​Though later proven incorrect, Lamarck’s work opened the door for evolutionary thought. 
	‎🔹 3. Thomas Malthus (1766–1834) 
	●​Malthus wrote an important book titled “Essay on the Principle of Population.” 
	●​He explained that the population increases faster than the food supply, leading to competition and struggle for survival. 
	●​This idea inspired Darwin to develop his concept of “struggle for existence.” 
	🦴 4. George Cuvier (1769–1832) 
	●​Cuvier is known as the Founder of Palaeontology — the study of fossils. 
	●​He explained that many species found in fossils were no longer alive because of sudden natural disasters, an idea known as Catastrophism. 
	●​His discoveries provided strong evidence that life on Earth has changed over time. 
	🌋 5. Charles Lyell (1797–1875) 
	●​Lyell was a geologist who wrote “Principles of Geology.” 
	●​He proposed that Earth’s features were shaped slowly and gradually through processes like erosion and sedimentation, a concept called Uniformitarianism. 
	●​His ideas influenced Darwin to think that biological changes might also occur gradually over long periods. 
	🐦 6. Charles Darwin (1809–1882) 
	●​Darwin is the central figure in the history of evolution. 
	●​During his voyage on HMS Beagle, he observed plants and animals in different regions and concluded that species change over time. 
	●​He introduced the Theory of Natural Selection, which states that the fittest individuals survive and reproduce, while the weaker ones perish. 
	●​His famous book “On the Origin of Species” (1859) completely changed the world’s understanding of life. 
	🌾 7. Gregor Mendel (1822–1884) 
	●​Mendel is known as the Father of Genetics. 
	●​Through experiments on pea plants, he discovered the laws of inheritance, explaining how traits pass from parents to offspring. 
	●​His discoveries gave a genetic foundation to Darwin’s theory, forming the base of Modern Evolutionary Theory or Neo-Darwinism. 
	🌍 8. Alfred Russel Wallace (1823–1913) 
	●​Wallace was a British naturalist who independently developed a theory of Natural Selection similar to Darwin’s. 
	●​When he shared his findings, Darwin was encouraged to publish his own work. 
	●​Thus, Wallace also played a vital role in shaping the final theory of evolution. 
	✦ Summary: 
	●​The combined work of these scientists gradually replaced the old idea of Special Creation with the scientific theory of Evolution. 
	●​Each of them — from Linnaeus to Mendel — contributed knowledge that helped explain how life developed, adapted, and diversified on Earth. 
	Together, their discoveries form the foundation of modern evolutionary biology. 
	🌟 Q3: Write short notes on the following: 
	❖ Answer: 
	(a) Special Creation Theory 
	 Explanation: 
	●​The Theory of Special Creation states that all living organisms were created by a divine power in their present, unchangeable forms. According to this belief, species do not evolve or change with time — they remain exactly as they were created. 
	💡 Main Idea: 
	Every species was created separately and perfectly adapted to its environment. 
	🧪 Scientific View: 
	●​This theory is not supported by scientific evidence but by religious and philosophical belief. It was widely accepted before the development of evolutionary biology. 
	📘 Example: 
	●​Carolus Linnaeus, though a scientist, supported this idea and believed that species are fixed and permanent creations. 
	(b) Evolutionary Theory 
	🌿 Explanation: 
	●​The Theory of Evolution explains that life developed gradually over millions of years from simple forms to complex organisms. It is based on scientific observation and evidence rather than belief. 
	💡Main Idea: 
	●​Species change over time through natural selection, variation, and adaptation. Organisms better suited to their environment survive and reproduce, passing their traits to the next generation. 
	📗 Founder: 
	●​Charles Darwin gave this theory a scientific base in his book “On the Origin of Species” (1859). 
	📘 Summary Line: 
	Evolutionary Theory describes gradual change in living organisms — the foundation of modern biology. 
	(c) Contributions of Carolus Linnaeus 
	🧫 Introduction: 
	●​Carolus Linnaeus (1707–1778) was a Swedish biologist known as the Father of Taxonomy. 
	‎📍Major Contributions: 
	●​He introduced a system of classification for plants and animals. 
	●​He developed Binomial Nomenclature, a two-part naming system (e.g., Homo sapiens for humans). 
	●​He grouped similar species into genera, and similar genera into families. 
	🌿 Importance: 
	●​Although Linnaeus believed in Special Creation, his classification system later helped Darwin in understanding evolutionary relationships among species. 
	📘 Summary Line: 
	Linnaeus’s work laid the foundation for biological classification and helped future scientists like Darwin. 
	(d) Role of Malthus and Lyell in Shaping Darwin’s Ideas 
	🧬 Thomas Malthus (1766–1834): 
	●​Malthus wrote an Essay on the Principle of Population (1798). 
	●​He explained that the population grows faster than the food supply, leading to a struggle for existence. 
	●​This idea inspired Darwin to realize that only the fittest organisms survive, forming the base of his Natural Selection Theory. 
	🌋 Charles Lyell (1797–1875): 
	●​Lyell was a geologist who wrote Principles of Geology. 
	●​He proposed that Earth’s surface changes gradually through natural processes such as erosion and sedimentation — known as Uniformitarianism. 
	●​His idea of slow, gradual geological change influenced Darwin to believe that biological changes might also occur gradually over long periods. 
	📘 Summary Line: 
	Both Malthus and Lyell provided key ideas that guided Darwin’s thinking — Malthus through population struggle and Lyell through geological gradualism. 
	✦ Overall Summary: 
	●​Special Creation: Life created in fixed forms by divine power. 
	●​Evolutionary Theory: Life evolved gradually through natural processes. 
	●​Linnaeus: Developed classification and binomial nomenclature. 
	●​Malthus & Lyell: Gave Darwin the ideas of struggle and gradual change. 
	🌟 Q4: Explain the process of evolution from prokaryotes to eukaryotes. 
	❖ Introduction: 
	●​The origin and evolution of life on Earth began about 3.5 billion years ago. 
	●​The earliest living organisms were prokaryotes — simple, single-celled organisms without a true nucleus. 
	Over time, these prokaryotes evolved into complex eukaryotic cells, giving rise to multicellular life forms. 
	🔥 1. Origin of Early Life — Hydrothermal Vent Hypothesis 
	●​Life is believed to have originated deep in the oceans near hydrothermal vents — underwater hot springs. 
	These vents provided: 
	●​Continuous heat energy 
	●​Raw materials such as minerals and gases 
	●​A group of primitive bacteria called Archaebacteria (Thermophiles) could survive extreme temperatures (up to 120°C). 
	●​Their existence today supports the “Vent Hypothesis” of life’s origin. 
	☀️ 2. Development of Photosynthesis 
	●​Initially, early organisms depended on the nutrients in the environment. 
	●​To survive, some evolved the ability of photosynthesis — to make food from sunlight. 
	●​The first photosynthetic organisms used hydrogen sulfide (H₂S) instead of water (H₂O). 
	Later, organisms started using water as a hydrogen source, releasing oxygen (O₂) into the atmosphere. 
	This process gradually changed Earth’s atmosphere from reducing to oxidizing. 
	🌫️ 3. Formation of Ozone Layer and Aerobic Life 
	●​The oxygen produced by photosynthesis reacted to form ozone (O₃) in the upper atmosphere. 
	●​This ozone layer began to filter harmful ultraviolet (UV) radiation from the sun. 
	As a result, conditions on Earth became favorable for life on land. 
	The availability of oxygen also allowed organisms to develop aerobic respiration, which produces more energy. 
	🧫 4. Evolution of Prokaryotes to Eukaryotes 
	●​The first cells were simple prokaryotes (without a nucleus or membrane-bound organelles). 
	Later, complex eukaryotic cells appeared about 1.5 billion years ago. 
	Two main theories explain this transition: 
	🧩 (a) Endosymbiont Hypothesis (Lynn Margulis) 
	Proposed by Lynn Margulis, this theory states that: 
	●​A large anaerobic prokaryote engulfed smaller aerobic bacteria but did not digest them. 
	●​These smaller bacteria lived symbiotically inside the host cell and gradually became organelles. 
	●​Aerobic bacteria ⟶ Mitochondria (energy-producing organelles) 
	●​Cyanobacteria ⟶ Chloroplasts (photosynthetic organelles in plants) 
	This relationship benefited both organisms, increasing survival and energy efficiency. 
	🧬 (b) Membrane Invagination Hypothesis 
	●​According to this hypothesis, the cell membrane folded inward (invaginated) to form internal compartments. 
	These folds enclosed genetic material and other structures, forming: 
	●​Nucleus 
	●​Endoplasmic Reticulum 
	●​Golgi bodies 
	●​Mitochondria and chloroplasts (possibly later) 
	This internal organization increased the cell’s efficiency and complexity. 
	🌱 5. Emergence of Multicellular Organisms 
	●​Initially, eukaryotic cells lived independently. 
	●​Over time, some cells grouped together to form multicellular organisms. 
	●​Cells specialized into different tissues and organs, leading to greater diversity and adaptation. 
	●​This marked the beginning of complex life on Earth — plants, animals, and fungi. 
	✦ Summary: 
	1. Life began near hydrothermal vents as simple prokaryotes. 
	2. Photosynthesis introduced oxygen into the atmosphere. 
	3. Ozone layer formed, protecting life from UV rays. 
	4. Endosymbiosis and membrane invagination led to eukaryotic cells. 
	5. Multicellularity resulted in complex and diverse organisms. 
	🌟 Q5: Describe the life and scientific voyage of Charles Darwin. How did his observations during the Beagle expedition lead him to develop the theory of evolution? 
	❖ Introduction: 
	Charles Robert Darwin (1809–1882) was one of the most influential biologists in history. His scientific observations and reasoning led to the development of the Theory of Evolution by Natural Selection, which completely changed human understanding of life on Earth. 
	🎓 Early Life and Education: 
	●​Darwin was born in Shrewsbury, England, in 1809. 
	●​He was interested in nature, plants, and animals from an early age. 
	●​He first studied medicine at Edinburgh University, but later shifted to Cambridge University to study theology. 
	●​His true passion was natural history, which brought him an opportunity that changed his life forever. 
	🚢 Voyage of HMS Beagle (1831–1836) 
	●​In 1831, Darwin joined a British survey ship, HMS Beagle, as a naturalist. 
	●​The purpose of the expedition was to map the coastline of South America, but Darwin used the opportunity to observe flora, fauna, and fossils of various regions. 
	●​During this five-year voyage, he collected thousands of plant and animal specimens and made detailed notes about their structure, habits, and habitats. 
	🌎 Observations in South America 
	●​Darwin noticed that plants and animals of South America were distinctly different from those of Europe. 
	●​Yet, within South America, the species seemed to be closely related to one another, even in distant regions. 
	●​He also studied fossils of extinct animals and found that they resembled modern species of the same region — suggesting a possible connection between extinct and living forms. 
	🐦 Study of Galapagos Finches 
	●​The most significant observations came from the Galapagos Islands, located near the western coast of South America. 
	●​Darwin noticed that each island had its own unique species of animals and birds, especially finches. 
	●​He found 13 varieties of finches, which were very similar but had different beak shapes and sizes, adapted to different food sources. 
	●​This showed how species could change and adapt to their environment — a key idea in the concept of evolution. 
	🌿 Formation of Darwin’s Ideas: 
	From these observations, Darwin concluded that: 
	●​Species are not fixed or unchangeable. 
	●​They can evolve gradually over long periods. 
	●​Geographical isolation and environmental changes cause populations to diverge. 
	●​These ideas became the foundation of his Theory of Natural Selection, which he fully developed after returning to England. 
	🔸Publication of His Work 
	●​Darwin returned to England in 1836 and continued his research for years. 
	●​In 1859, he published his famous book “On the Origin of Species”, explaining how species evolve through natural selection — the survival and reproduction of the fittest individuals. 
	✦ Summary: 
	Charles Darwin’s five-year voyage on HMS Beagle helped him discover the diversity of life and the relationship between species and their environments. His study of fossils, South American fauna, and the unique birds of the Galapagos Islands led him to propose that life evolves gradually through a process of natural selection, where only the best-adapted organisms survive. 
	🌟 Q6: Discuss Darwin’s theory of natural selection. Explain its main postulates with examples. 
	❖ Introduction: 
	●​The Theory of Natural Selection was proposed by Charles Darwin (1809–1882) in his famous book “On the Origin of Species” (1859). 
	●​It explains how species evolve and adapt over time. According to Darwin, nature itself acts as a selecting agent, allowing only the best-adapted individuals to survive and reproduce — this process is called Natural Selection. 
	🌱 Meaning of Natural Selection: 
	●​Natural selection means that individuals with favourable traits that help them survive and reproduce in their environment are selected by nature, while others with less useful traits are eliminated over generations. 
	Thus, nature "selects" the fittest individuals and removes the unfit ones. 
	📜 Main Postulates of Darwin’s Theory: 
	1️⃣ Overproduction of Offspring 
	●​All living organisms produce more offspring than can possibly survive. 
	For example, a pair of rabbits can produce hundreds of young in a year. 
	However, resources like food, space, and shelter are limited, so not all offspring survive to adulthood. 
	This leads to competition among individuals. 
	2️⃣ Struggle for Existence 
	●​Because resources are limited, organisms must compete for survival. 
	This struggle may be: 
	●​Intraspecific – among individuals of the same species. 
	●​Interspecific – between different species. 
	●​Environmental – against natural challenges (disease, drought, etc.). 
	●​Only a few survive this continuous struggle — usually those with advantageous traits. 
	3️⃣ Variation among Individuals 
	●​No two individuals in a population are exactly alike. 
	●​These variations may appear in size, colour, strength, speed, or resistance to disease. 
	●​Some variations are favourable, helping the organism survive better. 
	Example: Among giraffes, some had longer necks that helped them reach higher leaves. 
	4️⃣ Survival of the Fittest 
	●​Individuals having useful variations survive longer and reproduce more successfully. 
	●​The unfit ones perish. 
	●​This concept is summarized by the phrase “Survival of the fittest”, introduced by Herbert Spencer. 
	Example: Giraffes with longer necks survived better during food shortage, while shorter-necked ones died out. 
	5️⃣ Inheritance of Favourable Traits 
	●​The favourable traits of the fittest individuals are passed on to their offspring. 
	●​Over many generations, these traits become common in the population. 
	As a result, new species may arise that are better adapted to their environment. 
	Example: The finches of the Galapagos Islands evolved different beak shapes suited to their food types. 
	🐦 Examples of Natural Selection 
	1. Giraffe’s Long Neck: 
	●​Early giraffes had both short and long necks. During droughts, only those with longer necks could reach tall tree leaves. Over time, long-necked giraffes survived and reproduced, while short-necked ones disappeared. 
	2. Darwin’s Finches: 
	●​On Galapagos Islands, finches developed different beak shapes to eat seeds, insects, or fruits. 
	●​These adaptations helped them survive in different environments, leading to the formation of new species. 
	✦ Summary: 
	Darwin’s Theory of Natural Selection explains that: 
	●​All organisms vary from one another. 
	●​Due to overproduction, a struggle for existence occurs. 
	●​Only the fittest survive, reproduce, and pass on their favourable traits. 
	Over time, this leads to the evolution of new and better-adapted species. 
	Thus, natural selection is the driving force of evolution. 
	🌟 Q7: Define Neo-Darwinism. How does it differ from Darwin’s original theory of evolution? 
	❖ Definition: 
	●​Neo-Darwinism or the Modern Evolutionary Synthesis is the updated form of Darwin’s theory that combines natural selection with Mendelian genetics. 
	●​It explains that evolution occurs through changes in gene frequencies within a population caused by mutation, recombination, and natural selection. 
	Explanation: 
	●​Charles Darwin proposed that evolution happens through the survival of the fittest, but he could not explain the source or inheritance of variations. 
	●​Later, scientists discovered that genes are responsible for heredity and mutations create variations. 
	●​By combining Darwin’s ideas with Mendel’s laws of inheritance and modern population genetics, the theory of Neo-Darwinism was formed. 
	●​It shows that new species arise gradually through small genetic changes over many generations. 
	Main Contributors: 
	Several scientists contributed to Neo-Darwinism: 
	●​Gregor Mendel discovered the laws of inheritance. 
	●​Fisher, Haldane, and Wright developed population genetics. 
	●​Dobzhansky, Mayr, and Simpson integrated genetics with ecology, taxonomy, and paleontology. 
	✦ Differences Between Darwinism and Neo-Darwinism: 
	Darwin’s Theory: 
	●​Darwin explained evolution by natural selection, emphasizing that individuals with useful variations survive and reproduce. However, he did not know how variations appear or how traits are passed to offspring. 
	Neo-Darwinism: 
	●​Neo-Darwinism explains that mutations and genetic recombination produce variations. These variations are controlled by genes, and natural selection acts on them. 
	●​Evolution is seen as a change in the gene frequency of a population rather than just the survival of the fittest individuals. 
	Examples: 
	1. Peppered Moth: 
	●​During industrial pollution, dark-colored moths survived better than light ones because of better camouflage. This change was due to a genetic mutation favored by natural selection. 
	2. Darwin’s Finches: 
	●​Different beak shapes evolved due to genetic variations and adaptation to food types on different islands. 
	 ✦ Summary: 
	●​Neo-Darwinism improved Darwin’s theory by including the modern concept of genetic inheritance. 
	●​It explains that evolution results from mutations, recombination, natural selection, and isolation, causing gradual changes in gene frequencies. 
	Hence, it gives a complete scientific explanation of how evolution works. 
	🌟 Q8: Explain the main features of Neo-Darwinism or Modern Evolutionary Synthesis. 
	❖ Introduction: 
	●​The modern evolutionary synthesis, or Neo-Darwinism, combines Darwin’s theory of natural selection with Mendelian genetics. 
	●​It explains evolution as a genetic process acting on populations over long periods of time. 
	1. Evolution as a Change in Gene Frequency 
	●​According to Neo-Darwinism, evolution occurs when the frequency of genes (alleles) in a population changes from one generation to another. 
	●​This gradual change in the genetic composition of a population leads to evolution. 
	2. Sources of Variation 
	Variation is the foundation of evolution. It arises from: 
	●​Mutation: Sudden changes in the DNA that create new traits. 
	●​Genetic Recombination: Mixing of genes during meiosis that produces new combinations. 
	●​Gene Flow: Movement of individuals between populations that introduces new genes. 
	These variations provide the raw material for natural selection to act upon. 
	3. Role of Natural Selection 
	●​Natural selection is the driving force of evolution. 
	●​Individuals with advantageous genetic traits survive and reproduce more successfully, passing these traits to their offspring. 
	Over time, the favorable genes become more common in the population. 
	4. The Concept of Gene Pool 
	●​All the genes present in a population form its gene pool. 
	●​Evolution means a change in the composition of this gene pool over generations due to natural selection and genetic variation. 
	5. Role of Isolation 
	●​Isolation is important in forming new species. 
	●​When populations are separated by physical or reproductive barriers, they stop interbreeding. 
	Over time, genetic differences accumulate, leading to speciation (formation of new species). 
	6. Adaptation 
	●​As species evolve, they gradually adapt to their environment. 
	●​Adaptations result from the accumulation of beneficial mutations that help organisms survive better in their surroundings. 
	7. Integration of Various Fields 
	Neo-Darwinism is called a “modern synthesis” because it unites information from: 
	●​Genetic  
	●​Paleontology 
	●​Taxonomy 
	●​Ecology 
	●​Biogeography 
	This makes it a complete explanation of evolutionary processes. 
	Examples: 
	1. Antibiotic Resistance in Bacteria: 
	●​Mutations in bacterial DNA make them resistant to antibiotics, and natural selection favors these resistant bacteria. 
	2. Industrial Melanism in Moths: 
	●​Polluted environments favored dark moths; when pollution reduced, lighter moths again became common. 
	✦ Summary: 
	●​Neo-Darwinism explains evolution as a gradual genetic process based on variation, natural selection, and heredity. 
	●​It provides a complete mechanism for how species change and adapt through time. 
	●​The theory unites genetics and evolution into one scientific framework. 
	🌟 Q9: Write short notes on the following: 
	❖ Answer: 
	(a) Biogeographical Evidence 
	Definition: Biogeography is the study of the geographical distribution of species across different regions of the world. 
	Explanation: 
	●​Charles Darwin first noticed that species in different regions, particularly islands, were unique but closely related to species of nearby mainlands. This suggested that species evolved from common ancestors and adapted to local environments. 
	Examples: 
	●​The Galapagos finches evolved different beak shapes depending on the island’s food source. 
	●​Armadillos are found only in America, showing they evolved from ancestors in that continent. 
	Significance: 
	●​Biogeography provides strong evidence for evolution and adaptation based on geographical isolation. 
	(b) Comparative Anatomy 
	●​Definition: Comparative anatomy is the study of structural similarities and differences between species. 
	Explanation: 
	●​Species that are closely related share similar anatomical structures, even if their functions differ. Such homologous structures indicate a common ancestry. 
	Examples: 
	●​The forelimbs of humans, cats, whales, and bats have the same skeletal elements but perform different functions (grasping, walking, swimming, flying). 
	●​Flower parts in plants (sepals, petals, stamens, carpels) evolved from leaves. 
	Significance: 
	●​It demonstrates that evolution is a remodeling process, where structures are modified for new functions over time. 
	(c) Vestigial Organs 
	Definition: Vestigial organs are remnants of structures that were functional in ancestors but have lost their original function in modern species. 
	Examples: 
	●​Pelvic bones in whales and snakes. 
	●​Vermiform appendix in humans. 
	●​Ear muscles in humans. 
	Significance: 
	●​These organs are historical evidence of evolution, showing that species descended from ancestors with functional versions of these organs. 
	(d) Comparative Embryology 
	Definition: Comparative embryology studies the similarities and differences in embryonic development of different species. 
	Explanation: 
	Closely related organisms go through similar embryonic stages, indicating common ancestry. Differences appear only later as species develop distinct characteristics. 
	Examples: 
	●​All vertebrate embryos have gill pouches in early stages. 
	●​In fish, these develop into gills; in humans, they form parts of the ear and throat (Eustachian tube). 
	Significance: 
	●​It shows homology in development, supporting the idea that diverse species evolved from a common ancestor. 
	(e) Molecular Biology as Evidence of Evolution 
	Definition: Molecular biology studies DNA, genes, and proteins to understand relationships among species. 
	Explanation: 
	●​Species with similar DNA and protein sequences are more closely related, indicating they share a common ancestor. 
	Examples: 
	●​All life forms use the same genetic code. 
	●​Cytochrome c, a protein involved in respiration, is found in all aerobic species. 
	Significance: 
	●​Molecular biology provides strong, modern evidence for evolution and explains the unity and diversity of life at the genetic level. 
	✦ Summary: 
	Evolution leaves many observable traces across biology. Biogeography shows adaptation to environment, comparative anatomy and vestigial organs reveal ancestral relationships, comparative embryology demonstrates developmental homology, and molecular biology confirms genetic continuity. 
	Together, these lines of evidence strongly support Darwin’s theory of evolution. 
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