BIOLOGY 1407 LEARNING OBJECTIVES
EXAM 1
BIOLOGY 1407 - CHAPTER 22
DESCENT WITH MODIFICATION
1. Define evolution and the concept of biological evolution. 

2. Explain Darwin's two hypotheses outlined in, The Origin of Species, descent with modification and natural selection. 

3. Discuss early beliefs such as natural theology and how it conflicted with evolutionary thought. 
4. Review the impact of evidence discovered through fossils and sedimentary rock on evolutionary thought. 

5. Briefly review early theories of evolution such as Cuvier's Theory of Catastrophism and Lamark's Theory of The Inheritance of Acquired Characteristics. 

6. How did the concepts of gradualism and uniformitarianism influence thought on biological evolution? 

7. Discuss the work of Darwin during his voyage on HMS Beagle and how it led to his concepts of biological evolution. 

8. Identify examples of evolution Darwin observed on the Galapagos Islands. 

9. Review the concept of Natural Selection, conditions that must exist for natural selection to occur and how natural selection relates to the concept of biological evolution.
A. Observation 1 – High reproductive potential
B. Observation 2 – Natural population size is normally stable
C. Observation 3 - Natural resources are limited.
     Inference 1 - If more offspring are born than can survive there must be 
          struggle for survival.
D. Observation 4 – There is genetic variation among the members of a 
     population.
E. Observation 5 - Much of the variation is heritable.
    Inference 2 - Survival is not random, depends partly on hereditary 
          constitution.
    Inference 3 - Differential survival and reproduction can lead to gradual 
          change/adaptation in the population. 

10. Discuss examples of natural selection in action. 

11. Identify examples of selection illustrated by artificial selection. 

12. Explain why Darwin's theory of natural selection was not initially accepted by the scientific community while descent with modification was generally accepted. 

13. Review how evidence from the following fields of study help support a concept of natural selection and evolution: biogeography, fossils, comparative anatomy, taxonomy, comparative embryology and molecular biology. 

14. Explain how evolutionary thought has changed over time and the concept of the modern evolutionary synthesis. 

BIOLOGY 1407 - CHAPTER 23
THE EVOLUTION OF POPULATIONS
1. Discuss the concept of genetic variation within populations and how such variation influences the range of phenotype in a population.   How is variation beneficial to a population? 

2. How does the modern evolutionary synthesis integrate Darwin’s ideas? 

3. Define population, population genetics, species, gene pool and microevolution. 
4. Discuss the Hardy-Weinberg theorem and how it relates to the study of population genetics and change in the gene pool. 

5. Review and explain the following causes of microevolution: 
Genetic drift
   Bottleneck effect
   Founders effect
Gene flow
Mutation
Nonrandom mating
    Inbreeding 
    Assortive mating
Natural selection.  Note that only natural selection is adaptive. 
6. Identify how nonrandom mating can cause an increase in homozygosity but does not, by itself, change gene frequencies. 

7. Identify how natural selection causes evolutionary change through differential reproductive success. 

8. Recognize that the source of genetic variation is mutation and that recombination and sexual reproduction help maintain genetic variation and distribute variation within a population. 

9. Identify how genetic variation is preserved through diploidy and balanced polymorphism. 

10. Define polymorphism and explain heterozygote advantage, balanced polymorphism and frequency-dependent selection. 

11. Is all genetic variation adaptive? 

12. Identify factors on which selection acts. 

13. Review the following modes of natural selection: stabilizing selection, directional selection and disruptive selection. 

14. Explain sexual selection and sexual dimorphism and how sexual selection interacts with natural selection. 

15. Explain intraspecific selection and intra specific selection.

16. Explain the concept that natural selection cannot fashion the perfect organism. 
BIOLOGY 1407 - CHAPTER 24
THE ORIGIN OF SPECIES
1. Distinguish between anagenesis and cladogenesis. 

2. Explain the concept of morhpospecies and explain how this concept can be useful to biologist in the field. 

3. Explain the concept of  biological species. 

4. Describe some limitations of the biological species concept. 

5. Distinguish between prezygotic and postzygotic isolating mechanisms. 

6. Explain the following prezygotic isolating mechanisms: geographic isolation, habitat isolation, behavioral isolation, temporal isolation, mechanical isolation and gametic isolation. 

7. Define the following postzygotic isolating mechanisms: reduced hybrid viability, reduced hybrid fertility and hybrid breakdown. 

8. Explain the concept of adaptive radiation. 

9. Describe allopatric speciation. 

10. Describe sympatric speciation and explain how polyploidy can cause reproductive isolation. 

11. Distinguish between autopolyploidy and allopolyploidy. 

12. Compare and contrast the two schools of thought on the tempo of speciation (gradualism and punctuated equilibrium). 

13. Describe the concept of a hybrid zone and factors that may prevent the flow of genes between populations across the hybrid zone.
 



EXAM 1 NOTES
BIOLOGY 1407 - CHAPTER 22
DECENT WITH MODIFICATION: A DARWINIAN VIEW OF LIFE
1. Western Culture Resist Evolutionary Concepts. 

A. The scale of life and natural theology. 

· Aristotle - Viewed life as a series of increasingly complex groups, nonevolving and fixed at a level of complexity. 

· Natural Theology - Belief that the plan of life could be revealed through the study of nature. 

· Carolus Linnaeus - Looked for order in the diversity of life through taxonomy for the greater glory of God. Developed the system of binomial nomenclature (Genus species). 

B. Cuvier, Fossils and Catastropism 

· Fossils 

· Sedimentary rock 

· Layers of strata imply age 

· Through the study of paleontology proposed the Theory of Catastrophism to explain variations present in rock strata of different ages. 

2. Theory of Geological Gradualism Clears the Path for Evolutionary Biology. 

A. James Hutton (1775) Geological Gradualism. 

B. Charles Lyell - Expanded the concept of gradualism into the Theory of Uniformitarianism. Believed that geological processes were uniform and have operated at a constant rate from the origin of the Earth to the present. 

C. Darwin rejected uniformitarianism but was strongly influenced by Lyell in two ways 

· The earth is very old, not just 6,000 years. 

· Very slow changes over great periods of time can cause major changes. 

3. Lamarck Placed Fossils in an Evolutionary Context. 

A. Published a comprehensive model for evolution in 1809. 

B. Compared modern forms to fossils. 

· Envisioned many ladders of life which organisms can climb. 

· Lower levels were microscopic forms that were continually produced by spontaneous generation. 

C. Believed that evolution was driven by a tendency toward greater complexity which he equated to perfection. 

D. Lamark deserves credit for recognizing the adaptation is the product of evolution and that the earth is very old.

E. Proposed a mechanism by which specific adaptations evolve. 

· Use and Disuse 

· Inheritance of Acquired Characteristics 

4. Darwin’s Life and His Field Research Frame His view of Life. 

A. Early Life 

B. College Career - B.A. Degree 1831 

· University of Edinburgh 

· Christ College, Cambridge University 

· Professor John Henslow 

C. Voyage of HMS Beagle 

· Visit to South America 

· The Galapagos Islands 

· 13 species of Finches 

· Tortoises 

· Various Plants 

D. Darwin focuses on Adaptations 

· Returned to England in 1836, and started his first notebook on the origin of species in 1837. 

· Outlined speciation by isolated populations of the same species adapting to unique conditions. 

· The concept of Natural Selection as a mechanism for adaptation appeared the early 1840’s. 

· Produced a long essay on the origin of species and natural selection in 1844. 

· Received a letter and manuscript on natural selection from Alfred Wallace in 1858. 

· Published The Origin of Species in 1859. 

5. The Origin of Species: Two Main Points. 

A. The Occurrence of evolution: Decent With Modification 

· Saw unity in life with all organisms related through decent from a common ancestor. 

· Modifications have accumulated over millions of years. 

· History of life could be outlined by a branching tree. 

· Darwin says Linnaeus’ taxonomy as a branching genealogy of the tree of life. 

B. Natural Selection -Based on five observations and three inferences. 

· Observation 1 - All species have a reproductive potential that would allow the population to increase exponentially if all individuals survive from generation to generation. 

· Observation 2 - Most populations are stable except for seasonal fluctuations. 

· Observation 3 - Natural selection is limited. 

· Inference 1 - Production of more individuals that the environment can support leads to competition with only a fraction of each generation surviving. 

· Observation 4 - Substantial individual variation among the individuals of a population. 

· Observation 5 - Much of this variation is heritable. 

· Inference 2 - Survival and the struggle for existence is not random. 

· Inference 3 - Differential survival and reproduction favors characteristics most adapted to the environment. 

C. Darwin was aware of the struggle for existence because of Thomas Malthus’ essay on over reproduction in human populations. 

D. Variation and over reproduction in populations make natural selection possible. 

E. Artificial Selection 

F. Gradualism was fundamental to Darwin’s views. 

G. Natural selection operates in populations not individuals. 

H. Natural selection in action. 

· Beak size in the Galapagos medium finch, Geospiza fortis. 

· Insecticide resistance in insects
· Antibiotic resistance in bacteria. 

· Color spots in guppies


6. Evidence that Validates the Evolution of Life. 

A. Biogeography - The geographical distribution of species. 

· Island species? 

· South American and African species. 

· Marsupials and Australia. 

B. The Fossil Record 

C. Comparative Anatomy 

· Homologous Organs 

· Analogous Organs 

· Vestigial Organs 

D. Comparative Embryology 

· Can establish homology among structures and suggest common ancestry. 

E. Molecular Biology 

· Protein Structure 

· DNA 
· The more common the structure of proteins and DNA the more closely related the species. 

7. What is Theoretical About the Darwinian View? 

A. Species/populations change over time, theoretically they evolve by natural selection. 

B. A theory in science is based on a broad collection of data and supporting evidence.
BIOLOGY 1407 - CHAPTER 23
HOW POPULATIONS EVOLVE
1. Early Problems With the Acceptance of Darwin’s Views 

A. Early geneticists did not recognize continuous variation in populations. 

B. Believed in mutation as a mechanism for sudden change. 

C. Believed in orthogenesis - a predictable progression for the evolution of life. 

2. Modern Evolutionary Synthesis 

A. Includes most of Darwin’s ideas but emphasizes populations as units of evolution, the essential role of natural selection and gradualism. 

B. Current debate centers on: 

· The rate of evolution 

· Relative importance of evolutionary mechanisms 

3. Genetics of Populations 

A. Species - Group of actually or potentially interbreeding natural populations (individuals) which can and will interbreed to produce fertile offspring. 

B. Population - Localized group of organisms that belong to the same species. 

C. Gene Pool - Total aggregate of genes in a population at any given time. 

D. Microevolution - Small scale evolution, relative changes in allelic frequencies. 

E. Hardy-Weinberg Theorem - Mathematical statement that states that in the absence of other factors , the segregation and recombination of alleles during meiosis and fertilization will not alter the overall makeup of the population. 

· Important to the study of evolution because it tells us what would happen in a non-evolving population if such existed. 

· Provides a baseline from which evolutionary departures take place. 

· Provides a baseline with which to compare the frequencies of alleles and genotypes of natural populations whose gene pools may be changing. 

· Allows one to calculate allele frequencies and predict frequencies in future generations 

F. Conditions Required for Hardy-Weinberg Equilibrium 

· Very large population 

· Isolation from other populations 

· No mutation 

· Random mating 

· No natural selection 


4.   Causes of Microevolution 

A. Genetic Drift - Change in the gene pool of a small population due to chance. 

· Bottleneck Effect - Results from the drastic reduction of a population due to a catastrophic event. Few individuals survive, thus gene pool variation is probably modified. 

· Founders Effect - Results from colonization of a new environment by a very small number of individuals. 

B. Gene Flow - The migration of fertile individuals or the transfer of gametes between populations. 

C. Mutation - Any change in the genetic material. The basis of all genetic variation necessary for evolution. 

D. Nonrandom Mating - Increases the number of homozygous loci in a population. Does not in itself alter gene frequency. 

· Inbreeding - Breeding of related individuals or genetic neighbors. 

· Assortive Mating - Mating of partners that are like themselves in certain phenotypic characters. 

E. Natural Selection - Only adaptive type of microevolution. Causes alleles to be passed to the next generation in disproportionate numbers relative to the present generation. 

5.  Genetic Basis of Variation 

A. Genetic Variation Within and Between Populations 

1. Polymorphic traits 

· Morph 

2. Geographical variation 

· Clines 

B. Source of Genetic variation 

1. Mutation 

2. Recombination 

C. Preservation of Genetic Variation 

1. Diploidy 

2. Balanced Polymorphism - The ability of a natural population to maintain diversity in a population. 

3. Heterozygote Advantage 

4. Hybrid Vigor 

5. Frequency Dependent Selection - Relative success of one morph declines in fitness as it becomes too common. 

D. Genetic Variation: Good or Bad? 

6.   Adaptive Evolution 

A. Fitness - The reproductive contribution an individual makes to the gene pool of the next generation. 

B. Relative fitness - The contribution of the genotype relative to that of alternate genotypes at the same locus. 

C. How does selection Act? 

1. Acts on phenotypes 

2. In the case of pleiotrophy, the overall benefit of the genotype is dependent upon whether the beneficial effects exceed the harmful effects upon the organism’s reproductive success. 

D. Modes of Natural Selection 

1. Stabilizing Selection 

2. Directional Selection 

3. Diversifying Selection 

4. Sexual Selection vs. Natural Selection - Results in compromises between selection of secondary sexual characteristics and characteristics favored by natural selection. 

5. Sexual dimorphism - Distinction between secondary sexual characteristics of males and females. 

7.    Evolution and the Perfect Organism? 

A. Organisms are locked into historical constraints, Descent with Modification. 

B. Adaptations are often compromises. 

C. Not all evolution is adaptive, ex. genetic drift. 

D. Selection can only edit variations that already exist.

BIOLOGY 1407 - CHAPTER 24
THE ORIGIN OF SPECIES
1. Anagenesis vs. Cladogenesis 

A. Anagenesis - The transformation of an unbranched lineage of organisms, sometimes to a state different enough to become a new species. 

B. Cladogenesis - the budding of one or more new species from a parent species that continues to exist. 

2. The Species Problem: Two Species Concepts 

A. Morphospecies - Species defined by anatomical features. 

B. Biological Species - A population whose members have a potential to interbreed in nature to produce fertile offspring. 

C. Limitations of the biological species concept. 

1. Does not apply to organisms that are completely asexual in their reproduction. 

2. Can not apply to extinct species represented only by fossils. 

3. Sometimes two species may be geographically separated, but might reproduce if they came together. 

4. In some cases species that cannot interbreed are connected genetically due to both interbreeding freely with a connecting population. 

3. Reproductive Barriers 

A. Prezygotic Barriers 

1. Geographic Isolation – Physical isolation, in a different location.

2. Habitat Isolation - Two similar species live in the same geographical area, but different habitats, i.e. One terrestrial, one aquatic. 

3. Temporal Isolation - Two species that breed at different times of the day, season or year. 

4. Behavioral Isolation - Special signals or unique, elaborate behavior is involved in attracting a mate. 

5. Mechanical Isolation - Anatomical incompatibility may prevent sperm transfer when closely related species attempt to mate. 

6. Gametic Isolation - Gametes of different species, if they meet rarely fuse to form a zygote. 

B. Postzygotic Barriers 

1. Hybrid Inviability - Development of the hybrid may abort due to genetic incompatibility between different species. 

2. Hybrid Sterility - Hybrid is unable to breed to produce viable offspring. 

3. Hybrid Breakdown - The first generation hybrid is viable, but if the hybrid attempts to breed back to one of the parent species or another hybrid are feeble or sterile. 

4.   Biogeography and Speciation 

A. Allopatric Speciation - Results from a population being separated by a geographical barrier that prevents gene flow. 

Different Gene Pools 

· Genetic drift 

· Different Environment and Natural Selection 
·  Adaptive Radiation - Emergence of a number of species from a common ancestor, introduced to an environment which presents a diversity of opportunities and problems. 

B. Sympatric speciation - Speciation within the range of the parent species. Reproductive isolation occurs without geographic isolation. 

1. Autopolyploid - An organism that results from a single species that doubles its chromosome number. I.e. diploid to tetraploid 

2. Allopolyploid - a polyploid hybrid resulting from contributions of two different species. 

5.   Gradualism vs. Punctuated Equilibrium: Different Interpretations of the 
      Rate of Speciation. 

A. Gradualism - Sees speciation occurring as an accumulation of small changes over a long period of time resulting in significant change over time. 

B. Punctuated Equilibrium - Sees speciation taking place in rapid periods of change followed by long periods of genetic stability. 
