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PROCESS OF EVOLUTION

Microevolution

- evolution that occurs within a population

Population - all the members of a single species occupying a certain area at the same time. 

Population genetics studies the variation in alleles in a gene pool.

The gene pool is the total of all the alleles in a population; it is described in terms of gene frequencies. 
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*microevolution studies small changes in alleles that occur within a population. Over time, these small changes can accumulate, resulting in major differences within the population. Dogs have been artificially selected for certain traits, resulting in a wide range of breeds with very different characteristics*

Industrial Melanism 
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- The case of the peppered moths shows a shift in phenotype frequencies under selection.
- With birds acting as a selective agent, the light colored moths were reduced while dark-colored moths were better adapted to survive on the darkened trees
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Causes of Microevolution

1.  Genetic Mutations

a. Polymorphism, - two or more distinct phenotypes are present in the population due to mutated genes.
b. In humans, freckles are an example of polymorphism, as are the ABO blood types.
d. Mutations can be beneficial, neutral, or harmful - sometimes depends on the environment

*Relative Fitness- harmful genes may incur an advantage if the environment changes
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2. Gene Flow

a. Gene flow (gene migration) is the movement 
of alleles among populations by migration 
b. increases variation within a population by 
introducing new alleles 
c. Continued gene flow decreases diversity 
among populations, causing gene pools to 
become similar.
d. Gene flow among populations can prevent speciation from occurring.

*As long as there is gene flow between the populations, they will remain the same species, just varied

e. Example of flow: Rat Snakes found in the United States have 6 distinct subspecies, located in different regions  

3. Nonrandom Mating

a. Random mating involves individuals pairing by chance
b. Nonrandom mating involves individuals choosing a mate
c. Inbreeding decreases heterozygotes and increases the frequency of recessive abnormalities.
d. Assortative mating occurs when individuals mate with those that have the same phenotype.
e. Sexual selection occurs when males compete for the right to reproduce and the female selects males of a particular phenotype. (guppies, lions, birds, etc.)
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       4. Genetic Drift 

a. Refers to changes in allele frequencies of a gene pool due to chance, more often in small populations
b. Genetic drift occurs when founders start a new population, or after a genetic bottleneck 

c. The bottleneck effect prevents most genotypes from participating in production of the next generation. 
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1) The bottleneck effect is caused by a severe reduction in population size due to a natural disaster, predation, or habitat reduction. 
 -- causes a severe reduction in the total genetic diversity of the original gene pool.
 -- Example: cheetahs 
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2) The founder effect - an example of genetic drift where rare alleles or combinations occur in higher frequency in an isolated population 
-- founding individuals contain only a fraction of total genetic diversity of the original population.
-- particular alleles carried by the founders is dictated by chance alone.
-- example: dwarfism is much higher in a Pennsylvania Amish community due to a few German founders. 
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Natural Selection – 
the process that results in adaptation of a population to the environment.

Natural selection requires:
1. variation (i.e., the members of a population differ from one another),
2. inheritance (i.e., many of the differences between individuals in a population are heritable genetic differences),
3. differential adaptedness (some differences affect how well an organism is adapted to its environment), and
4. differential reproduction (better adapted individuals are more likely to reproduce).

*Fitness is the extent to which an individual contributes fertile offspring to the next generation.
Relative fitness compares the fitness of one phenotype to another.

Types of Selection.
1.  Directional - occurs when an extreme phenotype is favored

- the allele distribution shifts towards that favored phenotype

- increases are independent of the dominance of the allele.
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Example: change in diet of the finches due to wet and dry years (and the presence of large or small seeds) affected the depth of the birds’ beaks in the future generations. 

2. Stabilizing - occurs when extreme phenotypes are [image: image11.png]Popuiaton
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eliminated

- the intermediate phenotype is favored.

- genetic diversity is decreased

- opposite of disruptive selection
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Example: Babies of low weight lose heat more quickly and get ill from infectious diseases more easily, whereas babies of large body weight are more difficult to deliver through the pelvis. Infants of a more medium weight survive much more often, and thus the intermediate phenotype is favored
3. Disruptive selection - occurs when extreme phenotypes are favored and can lead to more than one distinct form.

- also called diversifying selection
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- variance of the trait increases and the population is divided into two distinct groups
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Example: If the color of the rabbits in a population is governed by two incompletely dominant traits: black fur, represented by “B”, and white fur, represented by “b”. BB=black, Bb=gray, bb=white.  If this population of rabbits occurred in an environment that had areas of black rocks as well as areas of white rocks, the rabbits with black fur would be able to hide from predators amongst the black rocks, and the rabbits with white fur likewise amongst the white rocks. The rabbits with grey fur, however, would stand out in all areas of the habitat, and would thereby suffer greater predation.
As a consequence of this type of selective pressure, our hypothetical rabbit population would be disruptively selected for extreme values of the fur color trait: white or black, but not grey. 
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 A comparison of the three main types of selection:
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Maintenance of Variations 

 - Populations that lack variation may not be able to adapt to new conditions.
 - Variation is promoted by mutations, gene flow, natural selection

 - In the case of Sickle-Cell Disease, heterozygotes may have an advantage in tropical areas, a resistance to malaria

Macroevolution
Macroevolution refers to any evolutionary change at or above the species level.

Speciation   - the splitting of one species into 2 or more species or 
- the transformation of one species into a new species over time

- is the final result of changes in gene pool allele and genotypic frequencies.
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What is a Species?

- a group of actually or potentially interbreeding populations, gene flow can occur between populations
- a hybrid is an offspring of two distinct species, example: Liger, Mule

Several similar species can live in the same area, but it is not often an advantage to mate with an individual who is not the same species. Hybrids are often infertile
Organisms have ways of preventing this type of breeding, which would be a waste or resources, and failure to pass genes on to the next generation. 

Reproductive Isolating Mechanisms
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- A reproductive isolating mechanism is any structural, functional, or behavioral characteristic that prevents successful reproduction from occurring.

1. Prezygotic ("before formation of a zygote") -anatomical or behavioral differences that prevent mating or make it unlikely fertilization will take place if mating occurs.

a. Habitat isolation (location)
b. Temporal isolation (timing)
c. Behavioral isolation 
d. Mechanical isolation (anatomical)
e. Gamete isolation (no fusion)
2.  Postzygotic ("after formation of a zygote") - prevent development after mating

a. Zygote mortality
b. Hybrid sterility 
Modes of Speciation 

1.  Allopatric speciation (geographic speciation)
- when new species result from populations separated by a geographical barrier 
- result of mountain formation, river formation, human disruption, etc. or dispersal

- accumulation of genetic differences as populations adapt to their environments
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(Hybrid zones: 

2. Sympatric speciation 
- when members of a single population develop difference that prevent them from reproducing with the parent type.
- divergence is facilitated by the absence of gene flow
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allopatric speciation - physical barrier divides population

peripatric speciation - small founding population enters isolated niche

parapatric speciation - new niche found adjacent to original one

sympatric speciation - speciation occurs without physical separation

Divergent Evolution 
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- when species form, existing at the same time, likely in different 
locations
- the accumulation of differences between groups which can lead to 
the formation of new species
- the idea that species have diverged from a common ancestor
Phyletic Evolution (“anagenesis”)
· when a new species completely replaces an older species (ancestral lineage extinct)
· Evolution involving an entire species, rather than a branching event
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Figure 19.13 A few Hawaiian honeycreepers, an example of how
anew arrival in species-poor habitats on an isolated archipelago
can be the start of a flurry of allopatric speciation.




Adaptive Radiation

- a rapid development from a single ancestral species of many new species. 
- Darwin's finches illustrate the adaptive radiation of 13 species from one founder mainland finch.
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