CBSE CLASS XII ZOOLOGY
Theory of Evolu. by Natural Selection
One mark questions with answers

Q1. Name the naturalist who put forth the theory of natural selection along with Darwin.
Ans1. Alfred Russel Wallace expressed similar idea of natural selection as Darwin, in his essay titled, "On the tendency of varieties to depart indefinitely from the original type".
 Q2. Name the phenomena by which rapid speciation occurs.
Ans2. Polyploidy and hybridization result in rapid speciation. 
Q3. Who disproved Lamarck's theory? 
Ans3. August Weismann, by his theory of continuity of germplasm.
Q4. Who first put forth the idea of natural selection?
Ans4. Herbert Spencer. 
Q5. Name the two books that greatly influenced Darwin.
Ans5. "Principles of Geology" by Charles Lyell (1832) and "On the principles of population" by T.R. Malthus (1798). 
Two mark questions with answers
Q1. What is meant by 'gene pool'?
Ans1. Gene pool is the sum total of all the genes and their alleles present in a population. New alleles are produced through mutations. They may spread through natural selection. Some alleles may be lost due to emigration or genetic drift.
 Q2. Explain what is meant by genetic drift. 
Ans2. It is the change in number and frequency of genes in small isolated populations due to intensive inbreeding causing permanent fixation of some alleles, disappearance of a number of alleles and change in frequency of others.
Q3. What is the source of variation in monoparental reproduction? 
Ans3. The chromosomal aberrations and gene mutations are the only source of genetic variation in monoparental reproduction. Gene mutation is a random change in base sequence of gene. The mutated gene may give rise to a new protein or may fail to produce any thereby changing the phenotype.
Chromosomal aberrations involve change in morphology and number of chromosomes resulting in aneuploidy or polyploidy. This results in loss of genes, addition of genes etc. leading to gene variation.
Q4. What were the four types of plants observed by Hugo de Vries in his experiments on Oenothera lamarckiana? 
Ans4. De Vries noted four types of plants in his experiments on Oenothera lamarckiana (Evening primrose).
They were :
(a) Progressive : These had new variations.
(b) Retrogressive : They had certain traits reduced or lost.
(c) Degressive : They were weak and had low survival.
(d) Inconstant : They resembled parents and at times produced variants.
Q5. Why is natural selection said to be closely linked to differential reproduction?
Ans5. According to the modern concept, natural selection really means differential reproduction, i.e., some members of a population have traits or genes which enable them to grow up and reproduce at a higher rate and leave more surviving offspring in the next generation than others. Those that produce more viable offspring contribute a proportionally greater percentage of genes to the gene pool of the next generation, than those that produce fewer offspring. If differential reproduction continues for many generations, genes of the individuals which produce more offspring will become predominant in the gene pool of the population. This leads to change in gene frequency of the population.
Three mark questions with answers
Q1. Who proposed the theory of inheritance of acquired characters? What are its main postulates?
Ans1. The first attempt to explain evolution was made by a French scientist, Jean Baptiste de Lamarck (1744-1829) by his “Theory of inheritance of acquired characters” in his famous book” Philosophic Zoologique, published in 1809. According to this theory, organisms undergo certain changes to adapt themselves to the environment. These characters acquired during the life time are passed on to the progeny. The main postulates of his theory are :
(i) Internal vital force : All living beings and their component parts are continually increased due to internal vital force.
(ii) Effect of environment and new needs : A change in environment brings about changes in organisms and gives rise to new needs. New needs produce structural and behavioural changes of the organisms. Doctrine of desires is called appetency.
(iii) Use and disuse of organs : If an organ is constantly used, it would become better developed, whereas an organ which is not being used degenerates, reduces in size and finally is lost.
(iv) Inheritance of acquired characters : Whatever new characters are acquired by an organism in its life time due to internal vital force, effect of environment, new needs or use and disuse of organs, are inherited (transmitted) to the next generations. After several generations, the variations are accumulated up to such extent that they give rise to new species.

Q2. Distinguish between Darwinism and Neo-Darwinism.
Ans2. 
	Differences between Darwinism and Neo-Darwinism

	Darwinism(Natural selection)
	Neo-Darwinism

	1. It is the original theory given by Charles Darwin (1859) to explain the origin of new species
	1. Neo-Darwinism is a modification of the original theory of Darwin to remove its short-comings

	2. According to this theory, accumulation of continuous variations causes change in individuals to form new species.
	2. Instead of continuous variations, mutations are believed to help form new species.

	3. It believes in the selection of individuals on the basis of accumulation of variations.
	3. Variations accumulate in the gene pool and not in the individuals.

	4. Darwinism does not believe in isolation.
	Neo-Darwinism incorporates isolation as an essential component of evolution.

	5. It can explain the origin of new characters.
	The theory cannot explain the origin of new characters.

	6. Darwinism cannot explain the persistence of certain forms in the unchanged condition.
	The theory can explain the occurrence of unchanged forms over a millions of years.


Q3. Hugo De Vries proposed that evolution is a jerky, discontinuous process. What are the important postulates of his theory?
Ans3. Mutation theory : Hugo de Vries (1901) put forward a theory of evolution, called mutation theory. This theory states that evolution is a jerky process where new varieties and species are formed by mutations, sports or discontinuous variations that function as raw material for evolution.
The salient features of Mutation Theory are :
1. Mutations, sports or discontinuous variations are the raw material for evolution.
2. Mutations appear all of a sudden and become operational immediately.
3. Unlike Darwin’s continuous variations or fluctuations, mutations do not fluctuate around a mean character of the species.
4. The same type of mutations can appear in a number of individuals of a species.
5. All mutations are inheritable.
6. Mutations are unpredictable and appear in all conceivable directions.
7. Useful mutations are selected by nature. Lethal mutations are eliminated. Sometimes, useless and less harmful mutations continue to persist in the progeny.
8. Accumulation of variations produce new species. Sometimes, a new species is produced from a single mutation.
9. Evolution is a jerky and discontinuous process.
Q4. State three evidences against inheritance of acquired characters and three that support it.
Ans4. Evidences against inheritance of acquired characters :
1. Weismann cut off tails of rats for more than 20 generations but tail-less rats were never born.
2. Boring of external ear (pinna) has been practiced by women for thousands of years, but this character has never been inherited in the female child.
3. The athletes develop powerful musculature by continued use but this is not transmitted to the offspring.
Evidences in support of inheritance of acquired characters
1. Effect of environment on germ cells through somatic cells : Heslop Harrison found a dark variety of moth in localities where food plants showed heavy concentration of manganese salts due to industrial smoke. He fed the pale variety of this moth with food coated with manganese salts for many generations. This ultimately produced melanic forms which bred true.
2. Formation of germ cells from somatic cells : This occurs in regeneration in animals and vegetative propagation in plants. A purely somatic stem cutting or leaf sprouts to form a new plant, which bears flowers with germ cells.
3. Effect of temperature directly on potato beetles : Tower exposed some potato beetles to abnormal conditions of temperature and humidity at the time of development of their reproductive organs. This did not produce any change in the beetles themselves, but resulted in a progeny having different colour variations.
Five mark questions with answers
         
Q1. Explain the modern concept of evolution.
Ans1. There are 3 factors in the present concept of evolution, also called the Synthetic Theory, genetic variations, natural selection and isolation. Genetic variations however, form the raw material of evolution
(I) Genetic variations in population : The individual's role in evolutionary process is to contribute its specific genes to the gene pool of the population. Evolution occurs through the accumulation of genetic variations in populations over long periods of time and not due to variations in individual members.
The total gene content of a whole species is referred to as the gene pool, the proportion of certain genes increases and that of others decreases. This variation is known as change in gene frequencies. The change occurs in many ways : migration, nonrandom mating, genetic drift, mutation, recombination and hybridization.
(i) Migration : This brings in new genes to the genepool of the population.
(ii) Nonrandom mating : It results in variability among offspring.
(iii) Genetic Drift : The term genetic drift refers to the elimination of the genes of certain traits when a section of population migrates or dies of natural calamity. It alters the gene frequency of the remaining population.
(iv) Mutation : Mutation is the main source of genetic variation. It alters the base sequence in a gene or gene sequence in a chromosome.
(a) Gene mutation : Gene mutation is a random change in the base sequence of gene. It occurs by substitution, addition, or deletion of one or more bases. 
(b) Chromosomal Aberrations : Morphological as well as numerical changes in chromosomes result in new genotypes. Chromosomal aberrations result in loss of genes, new positions for genes or addition of genes. Gene variation result in change in gene frequency.
(c) Genomatic mutations : Numerical changes take place by aneuploidy, i.e., addition or deletion of one or two individual chromosome or by polyploidy, i.e., addition of one or more complete sets of chromosome.
(v) Gene recombination. Genetic variation also arises by crossing over of chromosomes, independent assortment of chromosomes during meiosis, and random gametic union during fertilization. These events recombine existing traits rather than introducing new ones and produce new phenotypes.
(vi) Hybridization. It is a method of mixing the genes of two populations. It can occur by migration of a section of a population to a new place or by cross breeding by man. It changes the gene frequencies and alters the phenotypes of the offspring.
All the above factors produce genetic variation in biparental (sexual) reproduction. In monoparental reproduction, chromosomal aberration and gene mutations are the only source of genetic variation.
The new phenotype produced by genetic variation may have some specific advantage or disadvantage for survival and this would ultimately alter the gene pool.
2. Natural selection. Natural selection is not a bloody battle as emphasized by Darwin and Wallace. Natural selection really means differential reproduction, i.e. some members of a population have traits (genes) which enable them to grow and reproduce at a higher rate and leave more surviving offspring in the next generation than others. Those that produce more viable offspring contribute a proportionately greater percentage of genes to the gene pool of the next generation than those that produce fewer offspring. If differential reproduction continues for many generations, genes of the individuals which produce more offspring will become predominant in the gene pool of the population. This leads to a change in the gene frequency of the population.
Natural selection generally does not operate on the phenotypes of single genes, but rather on the phenotypic effect of the entire genotype. 
Hence, natural selection is fundamentally a creative force, that spreads genetic variability.
Speciation : When environmental conditions change or a section of the population migrates to a new area with different environmental conditions, new species may arise. Origin of new species from the existing one is called speciation. In the changed environment, population may become adapted or die out. A population becomes adapted if its individuals have some new trait (genetic variation) which suits the changed environment and is selected by nature. The new trait spreads by differential reproduction, and in time results in the formation of a new species. Accumulation of many such unit changes or traits in a section of the population may sufficiently alter the individuals in structure or function to become a new species, which are no longer able to interbreed with parental population.
(3) Reproductive Isolation. Speciation is does not occur simply by changes in the genotype of a population. The populations with different genotypes appearing in them must be isolated so that differences may accumulate to the level of speciation, otherwise interbreeding will result in mixing of their genotypes and disappearance of the differences between them. Isolation preserves the integrity of a species by checking hybridization.

Q2. Explain the different mechanisms operating which result in reproductive isolation.
Ans2. Premating Isolation Mechanisms : These operate before mating. Premating reproductive isolation is of many types and involves various isolating mechanisms : geographical, genetic, ecological, temporal, behavioural, physiological, mechanical and gametic.
(i) Geographical Isolation : It refers to the separation of groups of related organisms by physical barriers, such as sea, mountain, desert, river, etc.
(ii) Genetic Isolation : It refers to the interspecific sterility.
(iii) Ecological Isolation : It refers to the occupation of different habitats in the same geographical area by two species. This disallows interbreeding. 
(iv) Temporal Isolation : It is the failure of two species to interbreed because they breed at different times (seasons) of the year.
(v) Behavioural (Ethological) Isolation : It prevents interbreeding of two groups due to differences in courtship and mating behaviour.
(vi) Physiological Isolation : It is the functional incompatibility in mating, or in production and survival of gametes.
(vii) Mechanical Isolation : It is the difference in size or structure of genitalia  (e.g., mismatched genitalia) between species that makes interbreeding difficult or impossible.
(viii) Gametic : Many animals shed their gametes in water for external fertilization. The gametes of different species have no attraction and fail to fertilize.
(2) Postmating Isolation Mechanisms : These operate after mating, and are of the following types :
(i) Incompatibility : Interspecific mating and even fertilization may occur but the hybrid progeny is not formed.
(ii) Hybrid Inviability : Interspecific mating and fertilization may occur and produce F1 hybrid but the latter is not viable and dies at some stage.
(iii) Hybrid Sterility : Interspecific mating may produce a vigorous viable F1 hybrid but the latter is sterile. This puts an end to further reproduction.
(iv) Hybrid Breakdown : Interspecific mating produces vigorous F1 hybrids, which by back cross, give rise to F2 hybrids, that have reduced vigour or fertility or both.
Q3. Explain the Lederberg's replica plating experiment. 
Ans3. Joshua Lederberg and Esther Lederberg demonstrated the genetic basis of adaptation in bacteria with the help of an experiment called Lederberg replica plating experiment. They inoculated a dilute suspension of bacterial cells on a semisolid agar plate. Many distinct bacterial colonies developed on the agar plate. Each colony arose from a separate bacterium by repeated cell division and represented a clonal population. The agar plate bearing the colonies was used as a 'master plate' to obtain its replicas. First, a sterile velvet plate mounted on a wooden block was gently pressed on the master plate. Some bacteria from each colony adhered to the velvet plate. This made the velvet plate a replica of the 'master plate'. Then, replicas of the 'master plate' were obtained on new agar plates by pressing the velvet plate on the latter. Finally, effort was made to get replicas on agar plates containing the antibiotic penicillin. Most of the colonies failed to grow on the penicillin-containing plates. Some colonies, however, succeeded in growing on penicillin-containing plates. These colonies were obviously resistant to penicillin. How did bacteria develop the adaptation to grow in a new environment, i.e., penicillin-containing agar medium?
In fact, the original suspension of bacteria, from which the 'master plate' was prepared, contained some bacteria with mutant genes that enabled them to resist the action of penicillin and form colonies. The mutation had appeared by chance and not in response to penicillin. The penicillin-resistant bacteria had no advantage of the mutation in the penicillin-free environment (agar plates here). With change in the environment (addition of penicillin to agar plate), the mutation gave the bacteria a clear advantage of natural selection over the penicillin sensitive bacteria, enabling them to survive and form colonies in the penicillin-containing medium.
Lederberg's experiment clearly showed that the basis of adaptation was the preexisting gene mutation which brought about the selection of mutant bacteria by nature. The penicillin-sensitive colonies were the same in all replica plates, and the penicillin-resisting colonies were also the same in all replica plates. This supports the view that the original 'master plate' contained penicillin-resistant colonies of mutant bacteria before their exposure to the antibiotic.
Q4. Name the scientists associated with the concept of "Natural selection"? Explain the important postulates of the theory of evolution by "Natural selection".
Ans4.  The theory of natural selection was put forward by Alfred Russell Wallace and Charles Darwin, since both had similar evolutionary ideas. In 1859, Darwin published his observations and conclusions under the name 'Origin of Species'. The main postulates of Darwinism or Theory of natural selection are :
(1) Over production (Rapid Multiplication) : All organisms possess enormous biotic potential. They multiply in a geometric ratio.
For example :
Insects lay hundreds of eggs. Plants produce thousands of seeds. A female rabbit gives birth to six young ones in one litter and produces four litters in a year. Thus, some organisms produce more offspring and others produce fewer offspring. This is called differential reproduction.
(2) Limited food and Space : Due to rapid multiplication of all types of species, food, space and other resources remain limited. They do not increase at the same rate as the populations. 
(3) Struggle for existence : The struggle for existence can be of three types
(i) Intraspecific Struggle : It is the struggle between the individuals of the same species because their requirements like food, shelter, mate, breeding places, etc. are similar.
(ii) Interspecific Struggle : It is the struggle between the members of different species. This struggle is normally for food and shelter.
(iii) Environmental Struggle : It is the struggle between the organisms and the environmental factors, such as drought, heavy rains, extreme heat or cold, earthquakes, diseases, etc. 
(4) Variations : Except the identical twins, no two individuals are similar. They exhibit differences called variations. Some of the variants are better adjusted towards the surroundings than the others and undergo adaptive modifications through the struggle for existence. According to Darwin, the variations are continuous and those which are helpful in the adaptation of an organism towards its surroundings are passed on to the next generation, while the others disappear.
(5) Survival of the fittest or Natural Selection : The organisms which are provided with favourable variations would survive, because they are the fittest to face their surroundings, while the unfit are destroyed. Darwin named it as natural selection.
However, only survival of the fittest is not enough for perpetuation of species. But organisms should also adapt or change themselves according to the changed conditions of the environment, as the environment is always changing.
(6) Inheritance of useful variations : The organisms after getting adapted to the surroundings transmit their useful variations to the next generation, while the non-useful variations are eliminated. Darwin could not differentiate between continuous and discontinuous variations. To some  extent, he agreed with Lamarck's views, because according to Darwin, acquired characters which are useful to the possessor are inherited.
(7) Formation of new species : Darwin considered that useful variations are transmitted to the offspring and become more prominent in successive generations. After some generations, the accumulated variations would make a population distinct enough to form a new species.
Hence, evolution is a change in the genetic composition of the population brought about when natural selection acts on the variability in a population.
