5.2 Natural Selection

Essential idea: The diversity of life has evolved and continues to evolve by natural selection

Key info to revise:
· That genetic variation is required for natural selection
· Variation is caused by mutation, meiosis and sexual reproduction
· Adaptations make some individuals more suited to the environment than others
· There is a struggle for survival between individuals that compete for resources
· Better adapted individuals tend to survive and reproduce and pass on their heritable
characteristics to their offspring
· Natural selection increases the frequency of well-adapted individuals in a population
and therefore leads to changes in a species

Understandings
· Natural selection can only occur if there is variation among members of the same species
· Define variation
· any difference between cells, individual organisms, or groups of organisms of any species caused either by genetic differences (genotypic variation) or by the effect of environmental factors on the expression of the genetic potentials (phenotypic variation). 
· Explain why natural selection can only function if there is variation in a species.
· natural selection can only increase or decrease the frequency of alleles that already exist in the population
· Variations fuels the process of natural selection because it gives natural selection something to 'act on'. 
· Some variations of a trait will be selected for and other will be selected against.
· Mutation, meiosis and sexual reproduction cause variation between individuals in a species
· List sources of genetic variation.
· Mutations – Changing the genetic composition of gametes (germline mutation) leads to changed characteristics in offspring
· A gene mutation is a change in the nucleotide sequence of a section of DNA coding for a specific trait
· New alleles are formed by mutation
· Gene mutations can be beneficial, detrimental or neutral
· Beneficial mutations change the gene sequence (missense mutations) to create new variations of a trait
· Detrimental mutations truncate the gene sequence (nonsense mutations) to abrogate the normal function of a trait
· Neutral mutations have no effect on the functioning of the specific feature (silent mutations)

· Meiosis – Via either crossing over (prophase I) or independent assortment (metaphase I)
· 1.  Crossing Over
· Crossing over involves the exchange of segments of DNA between homologous chromosomes during prophase I
· The exchange of genetic material occurs between non-sister chromatids at points called chiasmata
· As a consequence of this recombination, all four chromatids that comprise the bivalent will be genetically different
· Chromatids that consist of a combination of DNA derived from both homologous chromosomes are called recombinants
· Offspring with recombinant chromosomes will have unique gene combinations that are not present in either parent 
[image: ]
· 2.  Independent Assortment
· When homologous chromosomes line up in metaphase I, their orientation towards the opposing poles is random
· The orientation of each bivalent occurs independently, meaning different combinations of maternal/paternal chromosomes can be inherited when bivalents separate in anaphase I
· Sexual reproduction – The combination of genetic material from two distinct sources creates new gene combinations in offspring
· The fusion of two haploid gametes results in the formation of a diploid zygote
· This zygote can then divide by mitosis and differentiate to form a developing embryo
· As meiosis results in genetically distinct gametes, random fertilisation by egg and sperm will always generate different zygotes
· This means that individual offspring will typically show variation despite shared parentage
· Identical twins are formed after fertilisation, by the complete fission of the zygote into two separate cell masses
· Adaptations are characteristics that make an individual suited to its environment and way of life
· Define adaptation
· features of organisms that aid their survival by allowing them to be better suited to their environment
· List examples of adaptations:
· Structure of a bird's beak is adapted for its dut and method of feeding. 
· Water storage in the cactus stem is the adaptation of a desert habitat.
· Structural:  Physical differences in biological structure (e.g. neck length of a giraffe)
· Behavioural:  Differences in patterns of activity (e.g. opossums feigning death when threatened)
· Physiological:  Variations in detection and response by vital organs (e.g. homeothermy, colour perception)
· Biochemical:  Differences in the molecular composition of cells and enzyme functions (e.g. blood groups, lactose tolerance)
· Developmental:  Variable changes that occur across the lifespan of an organism (e.g. patterns of ageing/senescence)
· Species tend to produce more offspring than the environment can support
· Use an example to illustrate the potential for overproduction of offspring in a population.
· Many species of fish lay millions of eggs at one time, though only a fraction of those survives.
·  Sea turtles can lay anywhere from 70 to 190 eggs at a time, though only about one out of 100 typically survive
· Oysters can also lay 60 to 80 million eggs at a time, but again, only a few survive to reproduce themselves
· Species like fish and turtles have many predators, so overproduction increases the odds of survival for the genetic line. 
· In all species, overproduction helps to improve the genetic line by supporting the survival of the fittest.
· Since resources are limited, those offspring that are the strongest or best able to adapt to environmental challenges are able to survive. 



· State that species have the ability to produce more offspring than the environment can support.
· Over the course of their lifetime, species have the ability to produce far more offspring than the environmental resources (food/water/shelter) can support
· Individuals that are better adapted tend to survive and produce more offspring while the
less well adapted tend to die or produce fewer offspring
· Outline how a “selective pressure” acts on the variation in a population.
· Definition-Selective pressure:  external agents which affect an organism’s ability to survive in a given environment
· Any cause that can reduce reproductive success in a portion of a population is called a selective pressure. Selective pressures can be biotic (fighting others for access to a mate) or abiotic (i.e. a change in the climate). 
· List examples of “selective pressures.”
· Types of selection pressures include:
· Resource availability – Presence of sufficient food, habitat (shelter/territory) and mates
· Environmental conditions – Temperature, weather conditions or geographical access
· Biological factors – Predators and pathogens (diseases)
· E.g. [image: selection pressures]
· Explain the effect of the selective pressure on the more and less adapted individuals in a population.
· Due to the variation in the population, some individuals are better adapted and able to survive and reproduce in the presence of the selective pressure while the less adapted do not survive and reproduce as successfully. This leads to a shift in population — more individuals with the adaptation.
· Individuals that reproduce pass on characteristics to their offspring
· Contrast acquired characteristics with inheritable characteristics.
· Definition-Inherited: a characteristic that is genetically passed down from parents to their offspring
· Definition-Acquired: a characteristic gained by an organism after birth due to environmental influence
· 
	Acquired Traits
	Inherited Traits

	Tattoos
	Hair colour

	Pierced Ears
	Earlobes

	Body weight
	Freckles

	Learning to fly/walk/swim
	Leaf shape


· 
· State that only inherited characteristics can be acted upon by natural selection.
· Natural selection increases the frequency of characteristics that make individuals better
adapted and decreases the frequency of other characteristics leading to changes within the species
·  Compare the reproductive success of better and less well-adapted individuals in a population.
·  Explain the cause of the change in frequency of traits in a population through natural selection.
· Natural selection decreases the frequency in a population of genes that decrease fitness and increases the frequency of genes that increase fitness.
Applications
· Changes in beaks of finches on Daphne Major
· Outline the role of Charles Darwin and Peter and Rosemary Grant in the study of Galapagos finches.
· Daphne Major is a volcanic island that forms part of the archipelago that is collectively referred to as the Galapagos islands
· It is the native habitat of a variety of bird species known as Darwin’s finches (subfamily: Geospizinae)
· Darwin’s finches demonstrate adaptive radiation and show
marked variation in beak size and shape according to diet
· Finches that feed on seeds possess compact, powerful beaks
– with larger beaks better equipped to crack larger seed cases
· These finches have specialised beak shapes depending on their primary source of nutrition (e.g. seeds, insects, nuts, nectar)
· Explain how natural selection leads to changes in the beaks of Galapagos finches with changes in weather conditions.
· Adaptive radiation describes the rapid evolutionary diversification of a single ancestral line
· It occurs when members of a single species occupy a variety of distinct niches with different environmental conditions
· Consequently, members evolve different morphological features (adaptations) in response to the different selection pressures
· Evolution of antibiotic resistance in bacteria[image: ]
·  Explain how natural selection leads to changes in antibiotic resistance.
· Antibiotic resistance occurs when a population of bacteria change in a way that reduces the effectiveness of an antibiotic resistance arises through natural selection: 
1. there are overproduction 
2. bacteria have variation in their genes for antibiotics. 
3. the antibiotics serve as the selective pressure, killing bacteria that are not resistant
4. differential survival and reproduction the resistant bacteria continue to live and divide and the non-resistant dies. 
5. over generations, the frequency increases.
·  List reasons why evolution of antibiotic resistance has been rapid.
· The antibiotic resistance crisis has been attributed to the overuse and misuse of these medications (in humans and agricultural applications) as well as a lack of new drug development by the pharmaceutical industry.
·  Outline the effect of not completing a full dose of antibiotics on the development of antibiotic resistance.
· If you fail to complete a course of antibiotics, the more resistant bacteria are able to survive and will result in bacterial population in the afflicted person having.
· a high resistance to that antibiotic. As the surviving bacteria reproduce, the resulting population would not be treatable with the same antibiotics. If the infection is passed to someone else, their infection will also be resistant to the antibiotic.
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