Unit V:  The Evolutionary History of Biological Diversity

Chapter 26, The Tree of Life:  Conditions on early Earth made the origin of life possible; The fossil record chronicles life on Earth; As prokaryotes evolved, they exploited and changed young Earth; Eukaryotic cells arose from symbioses and genetic exchanges between prokaryotes; Multicellularity evolved several times in eukaryotes; New information has revised our understanding of the tree of life.


Questions you should be able to answer:

1. Describe the four stages of the hypothesis for the origin of life on Earth by chemical evolution.

2. Describe the contributions that A.I. Oparin, J.B.S. Haldane, and Stanley Miller made toward developing a model for the abiotic synthesis of organic molecules.  Describe the conditions and locations where most of these chemical reactions probably occurred on Earth.

3. Describe the evidence that suggests that RNA was the first genetic material.

4. Describe how natural selection may have worked in an early RNA world.

5. Explain how the histories of Earth and life are inseparable.

6. Describe the mass extinctions of the Permian and Cretaceous periods.  Discuss a hypothesis that accounts for each of these mass extinctions.

7. Explain the endosymbiotic theory for the evolution of the eukaryotic cell.  Describe the evidence that supports this theory.

8. What are the current biological models for the origins of biological macromolecules?

9. What are the current models for the origins of prokaryotic and eukaryotic cells?

Major themes addressed in the chapter:

1. Science as a process.  Describe the process Stanley Miller and Harold Urey used to explain how life could have evolved in the early, primitive atmosphere.

2. Evolution.  Explain how the evolution of prokaryotic cells led to the emergence of eukaryotic cells using mitochondria and chloroplasts as an example.

3. Energy transfer.  When was the chemiosmotic mechanism of ATP synthesis likely to have occurred?  What evidence leads you to believe this? 

4. Continuity and change.  What change did endosymbosis bring about?

5. Interdependence in nature.  What are the three domains of life?  Which two are most similar?

6. STS.  Experts estimate that human activities cause the extinction of hundreds of species every year.  In contrast, the natural rate of extinction is thought to average only a few species per year.  As we continue to alter the global environment, especially by destroying tropical rain forests and altering Earth’s climate, the resulting wave of extinctions will probably rival those at the end of the Cretaceous period (145.5-65.5 mya).  Considering that life has endured numerous mass extinctions, should we be concerned about the present mass extinction?  How does it differ from previous extinctions?  What might be some of the consequences for the surviving species, including ourselves?

Chapter 27, Prokaryotes:  Structural, functional, and genetic adaptations contribute to prokaryote success; A great diversity of nutritional and metabolic adaptations have evolved in prokaryotes; Molecular systematics is illuminating prokaryote phylogeny; Prokaryotes play crucial roles in the biosphere.


Questions you should be able to answer:
1. State the function(s) of each of the following prokaryotic features:  capsule, fimbria, sex pilus, nucleoid, plasmid, endospore.

2. Describe how prokaryotes carry out cellular respiration when they lack compartmentalized organelles such as mitochondria.

3. Distinguish the structure and staining properties of gram-positive bacteria from those of gram-negative bacteria.

4. Explain the importance of nitrogen fixation to life on Earth.

5. Distinguish among mutualism, commensalism, and parasitism.  Provide an example of a prokaryote partner in each type of symbiosis.

6. Distinguish between the three most common shapes of prokaryotes.

7. Explain how prokaryotic flagella work and why they are not considered to be homologous to eukaryotic flagella.

8. List Koch’s postulates that are used to substantiate a specific pathogen as the cause of a disease.

9. What are representative organisms from eubacteria, archea and eukarya?

Major themes addressed in the chapter:

1. Science as a process.  How has molecular systematics provided information on the evolution of prokaryotes?  What main inference has been provided from such studies that has changed our understanding of the early evolution of prokaryotes.

2. Evolution.  Health officials worldwide are concerned about a resurgence of diseases caused by bacterial that are resistant to standard antibiotics.  For instance, antibiotic-resistant bacteria are causing an epidemic of tuberculosis (TB), a lung disease spread by airborne droplets.  Drugs can relieve TB symptoms in a few weeks, but it takes much longer to halt the infection, and patients are likely to discontinue treatment while bacteria are still present.  Why can prokaryotes quickly reinfection patient if they are not wiped out?  How might this result in the evolution of drug-resistant pathogens?

3. Energy transfer.  Where in the bacterial cells do the energy transfer reactions take place?  What are the different modes of nutrition bacteria use to obtain energy?

4. Continuity and change.  What feature have all bacteria maintained throughout the course of evolution?  How have they changed?

5. Interdependence in nature.  Explain how symbiotic relationships between prokaryotes and eukaryotes can be both beneficial and harmful.  Give the names in which they are classified and give one example of each type. 

6. Relationship of structure to function. How does the structure of the surfaces of different bacteria relate to their function?

7. STS.  Prokaryotes can have a wide variety of benefits of which humans often exploit.  Explain how the food industry makes use of bacteria, and how bioremediation helps better human life.

Chapter 28, Protists:  Protists are an extremely diverse assortment of eukaryotes; Diplomonads and parabasalids have modified mitochondria; Euglenozoans have flagella with a unique internal structure; Alveolates have sacs beneath the plasma membrane; Stramenopiles have “hairy” and smooth flagella; Cercozoans and radiolarians have threadlike pseudopodia; Ameobozoans have lobe-shaped pseudopodia; Red algae and green algae are the closest relatives of land plants.


Questions you should be able to answer:
1. Describe the evidence that supports the theory that mitochondria and plastids evolved by serial endosymbiosis.  Explain which living organisms are likely relatives of the prokaryotes that gave rise to mitochondria and plastids.

2. Describe the evidence that suggests that mitochondria were acquired before plastids in eukaryotic evolution.

3. What is some evidence suggesting that organisms are related to each other?

4. Explain the role of secondary endosymbiosis in the evolution of photosynthetic protists.

Major themes addressed in the chapter:

1. Science as a process.  What has enabled scientists to do away with the kingdom Protista?

2. Evolution.  Why do scientists consider the kingdom Protista to be an obsolete taxon?

3. Continuity and change.  What event gave rise to the enormous diversity of protists that exist today? 

4. Interdependence in nature.  Explain the diversity of plastids using endosymbiosis as an example.

5. STS.  The ability of the pathogen Plasmodium to evade the human immune system is one reason developing a malaria vaccine is so difficult.  Another reason is that less money is spent on malaria research than on research into diseases that affect far fewer people, such as cystic fibrosis.  What are the possible reasons for this imbalance in research effort?

Chapter 29, Plant Diversity I:  How Plants Colonized Land:  Land plants evolved from green algae; Land plants possess a set of derived terrestrial adaptations; The life cycle s of mosses and other bryophytes are dominated by the gametophyte stage; Ferns and other seedless vascular plants formed the first forests.


Questions you should be able to answer:
1. Define and distinguish among the stages of the alternation of generations life cycle.

2. Describe four shared derived homologies that link charophyceans and land plants.

3. Describe the five characteristics that distinguish land plants from charophycean algae.  Explain how these features are adaptive for life on land.

4. Describe the evidence that suggests that plants arose roughly 475 million years ago.

5. Diagram the life cycle of a bryophyte.  Label the gametophyte and sporophyte stages and the locaterios of gamete production, fertilization, and spore production.

6. What important economic and ecological role do bryophytes play?  

7. What are the major phyla of plants?

8. Describe the five traits that characterize modern vascular plants. Explain how these characteristics have contributed to their success on land.

9. How are vascular plants different from bryophytes?

Major themes addressed in the chapter:

1. Science as a process.  Explain how the international initiative called “Deep Green” has contributed information to our understanding of plant evolution.  What does the evidence suggest so far?

2. Evolution.  Land plants evolved from green algae.  Explain.

3. Continuity and change.  What is the significance of the terrestrial adaptations that evolved in plants?

4. Interdependence in nature.  What important function do peat bogs play to the environment?

5. Relationship of structure to function.  What important structural adaptation evolved in early plants?  Why was this significant?

6. STS.  Peat has long been a fuel source in Europe and Asia, and it is still harvested for fuel today, notably in Ireland and Canada.  These carbon reservoirs help to stabilize global atmospheric CO2 concentrations.  Because peat moss has large dead cells that can absorb some 20 times the moss’s weight in water, it also serves as a soil conditioner and is used for packing plant roots during shipment.  Current overharvesting of Sphagnum may reduce its beneficial ecological effects.  What impact will overuse of this resource likely have on our environment? 
Chapter 30, Plant Diversity II:  The Evolution of Seed Plants:  The reduced gametophytes of seed plants are protected in ovules and pollen grains; Gymnosperms bear “naked” seeds, typically on cones; The reproductive adaptations of angiosperms include flowers and fruits; Human welfare depends greatly on seed plants.


Questions you should be able to answer:
1. Identify the following floral structures and describe a function for each:  sepal, petal, stamen, carpel, filament, anther, stigma, style, ovary, ovule.

2. Explain the process and function of double fertilization.

3. Distinguish between monocots and eudicots.

4. Explain how animals may have influenced the evolution of terrestrial plants and vice versa.

5. What are the representative members of the plant phyla?

6. Explain why pollen grains were an important adaptation for successful reproduction on land.

7. Describe the life history of a pine.  Indicate which structures are part of the gametophyte generation and which are part of the sporophyte generation.

8. Identify the following floral structures and describe a function for each:  a.  sepal, b.  petal, c.  stamen, d.  carpel, e.  filament, f.  anther, g.  stigma, h.  style, i.  ovary, j.  ovule.

9. Diagram the generalized life cycle of an angiosperm.  Indicate which structures are part of the gametophyte generation and which are part of the sporophyte generation.

Major themes addressed in the chapter:

1. Science as a process.  The process of scientific discovery has uncovered many medicinal qualities of plants.  Explain. 

2. Evolution.  The history of life has been punctuated by several mass extinctions.  For example, the impact of a meteorite may have wiped out the dinosaurs and many forms of marine life at the end of the Cretaceous period (145.5-65.5 mya).  Fossils indicate that plants were much less severely affected by this and other mass extinctions.  What adaptations may have enabled plants to withstand these disasters better than animals?

3. Continuity and change.  Explain how plant-pollinator relationships have likely played a role in increasing angiosperm and animal diversity.

4. Interdependence in nature.  How do some of the structures of plant seeds aid in their dispersal?

5. Relationship of structure to function.  How is the structure of a fruit related to its function?

6. STS.  Why are tropical rain forests being destroyed at such an alarming rate?  What kinds of social, technological, and economic factors are responsible?  Most forests in developed Northern Hemisphere countries have already been cut.  Do the developed nations have a right to ask the developing nations in the Southern Hemisphere to slow or stop the destruction of their forests? Defend your answer.  What kinds of benefits, incentives, or programs might slow the assault on the rain forests?
Chapter 31, Fungi:  Fungi are heterotrophs that feed by absorption; Fungi produce spores through sexual or asexual life cycles; fungi descended from an aquatic, single celled, flagellated protist; Fungi have radiated into a diverse set of lineages; Fungi have a powerful impact on ecosystems and human welfare.

Questions you should be able to answer:

1. List the characteristic that distinguish fungi from members of other multicellular kingdoms.

2. Explain how fungi acquire their nutrients.

3. Describe some roles of fungi in ecosystems.

4. Describe the structure of a lichen.  Explain the roles of the fungal component of the lichen.

5. Describe the ecological importance of a lichen.

6. Describe how the mutualistic relationship in mycorrhizae is beneficial to both the fungus and the plant, and explain its importance to natural ecosystems and agriculture.

Major themes addressed in the chapter:

1. Science as a process.  Explain how scientists determined the benefit of micorrhizae on plant growth.

2. Evolution.  Explain the origin of fungi.

3. Energy transfer.  Explain the importance of energy exchange in a lichen.

4. Interdependence in nature.  Explain the role Basidiomycetes play in nature.

5. Relationship of structure to function.  How is the structure of hyphae related to their function?

6. STS.  American chestnut trees once made up more than 25% of the hardwood forests of the eastern United States.  These trees were wiped out by a fungus accidentally introduced on imported Asian chestnuts, which are not affected.  More recently, a fungus has killed many eastern dogwood trees; some experts suspect that the parasite was accidentally introduced from somewhere else.  Why are plants particularly vulnerable to fungi imported from other regions?  What kinds of human activities might contribute to the spread of plant diseases?  Do you think introductions of plant pathogens such as chestnut blight are more or less likely to occur in the future?  Why?
Chapter 32, An Introduction to Animal Diversity:  Animals are multicellular, heterotrophic eukaryotes with tissues that develop from embryonic layers; The history of animals may span more than a billion years; Animals can be characterized by “body plans”; Leading hypotheses agree on major features of the animal phylogenetic tree.

Questions you should be able to answer:

1. List the five characteristics that combine to define animals.

2. Describe the role of Hox genes in animal development. 

3. Explain the significance of the Cambrian explosion.  Describe three hypotheses for the cause of the Cambrian explosion.

4. Distinguish between protostome and deuterostome.

5. Distinguish among the acoelomate, pseudocoelomate, and coelomate grades.  Explain the functions of a body cavity.

6. Compare the developmental differences between protostomes and deuterostomes, including:  patter of cleavage; fate of the blastopore; coelom formation.

7. What are the major body plans of animals?

8. What are the five (or six) major groupings and nine major representatives of the animal phyla?

Major themes addressed in the chapter:

1. Science as a process.  Explain why it is not necessary to memorize the phylogenetic trees.

2. Evolution.  Some scientists suggest that the phrase “Cambrian fizzle” might be more appropriate than “Cambrian explosion” to describe the diversification of animals during that geologic period. In a similar vein, Lynn Margulis, of the University of Massachusetts, has compared observing an explosion of animal diversity in Cambrian strata to monitoring Earth from a satellite and noticing the emergence of cities only when they are large enough to be visible from that distance. What do these statements imply about the evolutionary history of animals during that time?
3. Energy transfer.  Recall that plants are autotrophic eukaryotes.  In terms of energy and nutritional transfer, how are animals classified?

4. Continuity and change.  Explain some of the hypotheses regarding the Cambrian explosion which occurred approximately 542 mya.  Could they have all played a role?

5. Interdependence in nature.  How does the fossil evidence demonstrate the relationship of the organisms in nature?

6. Relationship of structure to function.  How does the form of a coelom fit its function.

7. STS.  Coral reefs harbor a greater diversity of animals than any other environment in the sea.  Australia’s Great barrier Reef has been protected as a marine reserve and is a mecca for scientists and nature enthusiasts.  Elsewhere, such as Indonesia and the Philippines, coral reefs are in danger.  Many reefs have been depleted of fish, and runoff from the shore has covered coral heads with sediment.  Nearly all the changes in the reefs can be traced back to human activities.  What kinds of activities do you think might be contributing to the decline of the reefs?  What are some reasons to be concerned about this decline?  Do you think the situation is likely to improve or worsen in the future?  Why?  What might the local people do to halt the decline?  Should the developed countries help?  Why or why not?

Chapter 33, Invertebrates:  Sponges are sessile and have a porous body and choanocytes; Cnidarians have radial symmetry, a gastrovascular cavity, and cnidocytes; Most animals have bilateral symmetry; Molluscs have a muscular foot, a visceral mass, and a mantle; Annelids are segmented worms; Nematodes are nonsegmented pseudocoelomates covered by a tough cuticle; Arthropods are segmented coelomates that have an exoskeleton and jointed appendages; Echinoderms and chordates are deuterostomes.

Questions you should be able to answer:

1. Distinguish between diploblastic and triploblastic development.

2. Distinguish between acoelomates, pseudocoelomates, and coelomates.

3. Distinguish between gastrovascular cavity and alimentary canal.

4. Distinguish between protostome and deuterostome.

5. List the characteristics of the phylum Cnidaria that distinguish it from the other animal phyla.

6. List the characteristics of the phylum Platyhelminthes that distinguish it from the other animal phyla.

7. Define parthenogenesis and describe asexual forms of rotifer reproduction.

8. List the characteristics of the phylum Mollusca that distinguish it from the other animal phyla.

9. List the characteristics of the phylum Annelida that distinguish it from the other animal phyla.

10. List the characteristics of the phylum Nematoda that distinguish it from the other animal phyla.

11. List the characteristics of the phylum Cordata that distinguish it from the other animal phyla.  Why is it included in the chapter on invertebrates?

Major themes addressed in the chapter:

1. Evolution.  Horseshoe crabs are called “living fossils” because the fossil record shows that they have remained essentially unchanged in morphology for many millions of years.  Why might these organisms have retained the same morphology for such a long time?  What other aspects of their biology, less obvious than structure, do you think may have evolved over that time?
2. STS.  A marine biologist has dredged up an unknown animal from the seafloor.  Describe some of the characteristics she should look at to determine the phylum to which the animal should be assigned.
Chapter 34, Vertebrates:  Chordates have a notochord and a dorsal hollow nerve cord; Craniates are chordates that have a head; Vertebrates are craniates that have a backbone; Gnathostomes are vertebrates that have jaws; Tetrapods are gnathostomes that have limbs and feet; Amniotes are tetrapods that have a terrestrially adapted egg; Mammals are amniotes that have hair and produce milk; Humans are bipedal hominids with a large brain.

Questions you should be able to answer:

1. Describe four derived traits that define the phylum Chordata.

2. Discuss the importance of genetic duplication in chordate evolution.

3. Explain the fate of neural crest cells in craniate development.

4. Describe the common traits of amphibians and distinguish among the three orders of living amphibians.

5. Describe an amniotic egg and explain its significance in the evolution of reptiles and mammals.

6. Explain why the reptile clade includes birds.

7. Summarize the evidence supporting the hypothesis that birds evolved from theropod dinosaur ancestors.

8. Explain the significance of Archaeopteryx.

9. Describe the evolutionary origins of mammals.

10. Describe the derived characters of mammals.

11. Distinguish among monotreme, marsupial and eutherian mammals.

Major themes addressed in the chapter:

1. Science as a process.  The science of paleoanthropology is a process.  Explain.

2. Evolution.  Briefly explain the origin of vertebrates.

3. Continuity and change.  What are some of the pieces of evidence scientists have pieced together to explain human evolution from early hominids to Homo sapiens?

4. Interdependence in nature.  Explain the role of Hox genes and how they are shared among a wide variety of organisms.

5. Relationship of structure to function.  How is the size of the human brain related to its function?

6. STS.  While human biological evolution is Darwinian, the evolution of human culture could be considered Lamarckian.  Explain.

