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Key Concepts
microevolution—a change in the gene pool of a population over time

macroevolution—larger changes in a gene pool, such as when a new species is formed

gene—a hereditary unit that can be passed on unaltered for many generations

gene pool—the set of all genes in a species or population

abiogenesis—life originating from non-life

Common Misconceptions about Evolution

· Evolution is not progress. Populations simply adapt to their current surroundings. 
· Populations do not necessarily become better over time. 
Genetic Variation

· In order for evolution to occur, there must be mechanisms to increase genetic variation and also mechanisms to decrease it. 
· Natural selection operates on this variation. 

Microevolution

Mechanisms of Microevolution
· natural selection
· genetic drift

· sexual selection

· mutation

· recombination

· gene flow

Mechanisms that Decrease Genetic Variation

· natural selection (negative selection)

· genetic drift

alleles—different versions of the same gene

locus—the location of a gene on a chromosome.

Natural Selection 

natural selection—the difference in reproductive capability among organisms; the differential reproductive success of pre-existing classes of genetic variants in the gene pool

· The most common action of natural selection is to remove unfit variants as they arise via mutation. 
· A trait's current utility is not always indicative of its past utility. It can evolve for one purpose, and be used later for another. 

Common Misconception about Natural Selection

· Selection merely favors beneficial genetic changes when they occur by chance -- it does not contribute to their appearance. 
Sexual Selection

Sexual selection—natural selection operating on factors that contribute to an organism's mating success.
· Traits that are a liability to survival of the individual organism can evolve when the sexual attractiveness of a trait outweighs the liability incurred for survival. 

Genetic Drift

genetic drift—a change in allele frequencies due to chance alone 
· Drift removes alleles randomly from the gene pool.

· When a population crashes, the alleles in the surviving sample may not be representative of the pre–crash gene pool.
· founder effect—a change in the gene pool resulting from a dramatic decrease in the population

· The effects of selection and drift are coupled. Drift is intensified as selection pressures increase. This is because a greater difference in reproductive success among organisms in a population reduces the number of individuals contributing alleles to the next generation. 

Mechanisms that Increase Genetic Variation
· natural selection (positive selection)

· mutation

· recombination

· gene flow

· genetic drift

Natural selection

· Selection that increases the frequency of helpful alleles is called “positive selection.”
Genetic Drift

· A new allele can increase in frequency because of genetic drift.

Mutation

mutation—a change in a gene.

· Sometimes the cellular machinery that copies DNA makes mistakes, altering the sequence of a gene. 

The Fate of Mutant Alleles

· Most mutations are neutral with regards to fitness. 

· Most mutations that have any phenotypic (observable) effect are deleterious. 

· Only a very small percentage of mutations are beneficial. 

· Except in rare cases of high gene flow, new alleles enter the gene pool as a single copy. But a mutation can reappear numerous times. 

· Most new mutants are lost, even beneficial ones. 

· Most new alleles added to the gene pool are lost almost immediately due to drift or selection; only a small percent ever reach a high frequency in the population.

· Even most moderately beneficial alleles are lost due to drift when they appear.

Deleterious alleles

· Deleterious mutants are selected against but remain at low frequency in the gene pool.
· A deleterious recessive mutant may increase in frequency due to drift. Selection cannot see it when it is masked by a dominant allele. 
· Individuals who are carriers do not suffer the negative effect of the allele. 
· Unless they mate with another carrier, the allele may simply continue to be passed on. 

Beneficial alleles

· A mutant allele can increase in frequency simply because it is linked to a beneficial allele at a nearby locus.
· This can occur even if the mutant allele is deleterious, although it must not be so deleterious as to offset the benefit of the other allele. 

· An allele "riding on the coat tails" of a beneficial allele is called a hitchhiker.

· Sequences linked to the selected allele also increase in frequency due to hitchhiking. 

· A potentially beneficial new allele can be eliminated from the gene pool because it was linked to deleterious alleles when it first arose.

Recombination 

recombination—the creation of new combinations of alleles in offspring resulting from the genetic contributions of parents

· Recombination is a mechanism of evolution because it adds new alleles and combinations of alleles to the gene pool. 

Gene Flow

gene flow—adding new alleles to a gene pool via mating between members of different populations

Macroevolution
Main thesis: All species have descended from a common ancestor. As time went on, different lineages of organisms were modified with descent to adapt to their environments. 
· Macroevolution is studied by examining patterns in biological populations and groups of related organisms and inferring process from pattern. 

Evidence for Common Descent and Macroevolution

· Closely related species (as determined by morphologists) have similar gene sequences. 
· How closely species are morphologically related to each other correlates strongly with the degree of similarity among their gene sequences.

· Groups of related organisms are 'variations on a theme'—e.g., the same set of bones are used to construct all vertebrates. This indicates that all mammals are modified descendants of a common ancestor which had the same set of bones. 

· Organisms pass through the early stages of development that their ancestors passed through up to the point of divergence. 
· Traces of an organism's ancestry in the form of vestigial structures sometimes remain even when an organism's development is complete. 
· Closely related organisms are usually found in close geographic proximity; this is especially true of organisms with limited dispersal opportunities. 

· According to evolutionary biology, natural selection can only tinker with the available genetic variation. Therefore, we should expect to see examples of jury-rigged design in living species. This is the case. 
· Fossils reveal the existence of organisms less and less similar to modern organisms in progressively older rocks. Also, patterns of biogeography apply to fossils as well as existing organisms. When combined with plate tectonics, fossils provide evidence of distributions and dispersals of ancient species. 

· Transitional fossils between groups have been found. 
· Suites of traits in biological entities fall into a nested pattern. All the species in a group will share traits they inherited from their common ancestor. But, each subgroup will have evolved unique traits of its own. 

· If two organisms share a similar anatomy, one would then predict that their gene sequences would be more similar than a morphologically distinct organism. This has been borne out by recently discovered gene sequences. 

Mechanisms of Macroevolution

· speciation

· extinction

· punctuated equilibrium

Speciation—the process of a single species evolving into two or more     species 

· Biologists know little about the genetic mechanisms of speciation. It is likely that there are many ways speciation can occur. 
· However, speciation has been observed. For example, in the plant genus Tragopogon, two new species have evolved within the past 50-60 years. 

Extinction 

· Ordinary Extinction—small-scale extinction of species
· Mass Extinction—extinction of entire groups of species on a large scale
Punctuated Equilibrium

· A controversial theory to explain the scarcity of transitional forms in the fossil record
· Main tenets:

· Most major morphological change occurs (relatively) quickly in small peripheral populations at the time of speciation. 
· New forms will then invade the range of their ancestral species. 
· Thus, at most locations that fossils are found, the transition from one species to another will be abrupt. 
· This abrupt change will reflect replacement by migration, however—not evolution. 
· Transitional fossils, if they exist at all, are found in the areas where speciation occurred. 

