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Vocabulary:
Biological evolution
Natural history
Taxonomy
Vestigial structures
Fossil
Paleobiology
Artificial selection
Natural selection
Adaptive traits
Microevolution
Macroevolution
Historical biogeography
Comparative morphology
Homologous traits

Outline:
On The Origin of Species by Means of Natural Selection, by Charles Darwin, November 24, 1859
Biological evolution: processes occurring in populations causing genomes of organisms to differ from those of their ancestors.  Genetic changes and phenotypic modifications are products of evolution.
20.1 Recognition of Evolutionary Change
I. Ideas of Change from Ancient Greek Philosophy
a. Aristotle (384-322 B.C.) studied natural history: the branch of biology that studies the form and variety of organisms in their natural environments
i. He created a classification of nature
b. In the 14th century, Europeans merged Aristotle’s classification with biblical creation, a study called natural theology
c. Carolus Linnaeus (1707-1778), Swedish botanist, developed taxonomy: the branch of biology that classifies organisms
d. In the 18th century, creation was thought to have occurred around 4000B.C.
II. Scientists Slowly Became Aware of Change in the Natural World
Brief history of modern science including Bacon, Copernicus, Galileo, Descartes, and Newton could be discussed here to give some frame of reference…
a. Questions about biogeography
i. Biogeography: studies of the world distribution of plants and animals
ii. Global explorations and thousands of new plant and animal species resulted in new questions by naturalists.
iii. For example: Figure 20.2 Large, Flightless Birds. Three similar birds, different species on different continents.
b. Questions about comparative morphology
i. Comparing morphology of organisms, showed similarities and differences
ii. Figure 20.3 Mammalian forelimbs and locomotion. 
1. equivalent,  bones shown, colored and numbered
iii. Vestigial structures: useless structures observed on animals today
iv. George-Louis Leclerc (1707-1788), le Comte de Buffon, noticed vestigial structures, such as pigs toes that do not touch the ground, and suggested they must have been functional in ancestral organisms.
c. Questions about fossils
i. Fossil: the remains or traces of a past geologic age embedded and preserved in the earth’s crust.
ii. Fossils in the deepest layers are small and simple, while those in the uppermost layers resemble living organisms
iii. Fossils found in a certain layer are similar even if collected at geographically distant sites.
iv. George Cuvier (1769-1832), founder of comparative morphology and paleobiology, the study of ancient organisms
1. Realized the layers of fossils represented organisms that had lived at successive times in the past.  Abrupt changes in geological strata represent shifts in ancient environments.
III. Lamarck Developed an Early Theory of Biological Evolution
a. Jean Baptiste de Lemarck (1744-1829): two mechanisms of evolutionary change
i. Body parts grow in proportion to how much they are used.
ii. changes that an organism acquires during its lifetime are inherited by its offspring
iii. Figure 20.4, long legged wading birds, stretched their legs to stay dry, and offspring inherited slightly longer legs.
b. Today we know that Lamarck’s mechanisms do NOT cause evolutionary change.  Yes, muscles grow larger with use, but most structures do not, and changes acquired in an organism’s lifetime are not passed to offspring.
c. Though Lemarck’s mechanisms were incorrect,  he made Four Important Contributions to the development of an evolutionary worldview
i. All species change through time
ii. New characteristics are passed from one generation to the next
iii. Organisms change in response to their environment
iv. The existence of a mechanism to foster evolutionary change
IV. Geologists Recognized That Earth Had Changed over Time
a. James Hutton’s (1726-1797) Gradualism: the view that Earth changes slowly over time.
b. Charles Lyell (1797-1875) Principles of Geology, volcanic eruptions, earthquakes, erosions, glaciers sculpted the Earth’s surface. 
c. The Earth changes and geological processes proceed very slowly, so it must take millions of years, not just a few thousand years, to mold the current landscape: the
i. Earth is much older than we thought.

Here the focus is introducing the students to the history of science that lead Darwin to his ideas of natural selection and descent with modification.  I am not going to test the students on all the historical figures, but I think the history can make it more interesting…. Focus especially on the vocabulary terms, Lamarck, his mechanisms of evolution, what was wrong and what was learned, and Lyell, who was especially influential to Darwin.

20.2 Darwin’s Journey
I. Darwin Traveled the World on the Voyage of the Beagle
a. Five year tour of the world, mapping the coast if South America
b. What Darwin saw
i. Fossils resembling organisms inhabiting the same region today
1. Figure 20.6 Ancestors and Descendants
ii. S. American animals in different habitats resembled each other, but were different than European animals in the same habitat
1. Figure 20.7 Morphological differences in species from different continents
iii. Distribution patterns of animals on the Galapagos Islands
1. Figure 20.8 The Galapagos Islands and some of their unusual animal inhabitants
c. Darwin’s Reflections after his voyage
i. Descent with modification
1. Provided explanation for his observations
2. Galapagos Finches Figure 20.9
II. Darwin Used Common Knowledge and Several Hypotheses to Develop His Theory
a. Selective Breeding and Heredity
i. Artificial selection: selective breeding of organisms to ensure that certain desirable traits appear at higher frequency in successive generations.
b. The struggle for existence
i. Some members of a population survive and reproduce, whereas others die without reproducing
c. Darwin’s Hypotheses and Predictions
i. Not all offspring survive to maturity, and individuals compete for resources
ii. Individuals of every species have variation, which are often hereditary, and the variations in hereditary traits allow some individuals to survive and reproduce better than others
iii.  Natural selection: the evolutionary process by which alleles (heredity traits) that increase the likelihood of survival and the reproductive output of the individuals that carry them become more common in subsequent generations
iv. Adaptive traits: genetically based characteristics that make an organism more likely to survive and reproduce.
III. Darwin’s Theory of Descent with Modification
a. Descent with modification, the evolutionary alteration and diversification of ancestral species.
i. Natural selection as the mechanism for evolutionary change
b. Darwin’s Theory
i. Provided a physical explanation of biological diversity
ii. Recognized that evolution change occurs in a population not an individual
iii. Multistage process: variation, natural selection, next generation is more successful
iv. Evolution occurs because some organisms function best in a particular environment

Here again, the history of the voyage can be interesting, but focus on vocabulary terms, Darwin’s Hypotheses and Predictions, natural selection, and Darwin’s Theory of Descent with Modification.

20.3 Evolutionary Biology since Darwin
Though Mendel published his work in 1866, it was hard for scientists to relate Mendel’s simple inherited traits (pea plant height) with Darwin’s complex traits (beak shape).
I. The Modern Synthesis Created a Unified Theory of Evolution
a. Understanding that genes are on chromosomes helped to link Mendel’s and Darwin’s work
b. Population genetics (branch of science that studies the prevalence and variation in genes among populations of individuals) showed the role of genetic variation as material on which natural selection can act
c. Modern Synthesis: integrated biogeography, comparative morphology, paleontology, and taxonomy within an evolutionary framework.
i. Link between micro and macroevolution, where micro drives macro
ii. Microevolution: small scale genetic changes of a population
iii. Macroevolution: large scale evolutionary changes observed in species and other groups
II. Research in Many Fields Has Provided Consistent Evidence of Evolutionary Change
a. Adaptation by Natural Selection
b. The Fossil Record
i. Archaeopteryx lithographica (Figure 20.13)
c. Historical biogeography: the study of geographical distribution of plants and animals in relation to their evolutionary history
d. Comparative morphology: analyses of the structure of living and extinct organisms
i. Homologous traits: characteristics that are similar in two species because they inherited the genetic basis of the trait from their common ancestor
III. Molecular Techniques Extend the Achievements of Modern Synthesis
a. Two examples of how molecular techniques have furthered our understanding of evolution
i. How snakes lost their legs
1. Hox genes either activate or suppress other genes that regulate the development of forelimbs and ribs in vertebrates.
ii. The woolly mammoth’s closest living relative
1. DNA sequences are used to determine evolutionary relationships, and now we can collect DNA from fossils 
IV. Evolution is the Core Theory of Modern Biology
a. Its explanatory power applies to every aspect of the living world

Here focus on vocabulary terms and modern fields of study that contribute to understanding evolution and its importance in biology.


