Unit VIII:  Ecology

Chapter 50, An Introduction to Ecology and the Biosphere:  Ecology is the study of interactions between organisms and the environment; Interactions between organisms and the environment limit the distribution of species; Abiotic and biotic factors influence the structure and dynamics of aquatic biomes; Climate largely determines the distribution and structure of terrestrial biomes.

Questions you should be able to answer:

1. Define ecology.  Identify the two features of organisms studied by ecologists.

2. Distinguish between biotic and abiotic components of the environment.

3. Clarify the difference between ecology and environmentalism.

4. Define biogeography.

5. Describe the problems caused by introduced species and illustrate with a specific example.

6. Explain how habitat selection may limit distribution of a species within its range of suitable habitats.

7. List the five abiotic factors that are the most important components of climate.

8. Explain, with examples, how a body of water and a mountain range might affect regional climate conditions.

9. Name three ways in which marine biomes affect the biosphere.

10. Explain why the following statement is false:  “All communities on Earth are based on primary producers that capture light energy by photosynthesis.”

11. Describe the characteristics of the major terrestrial biomes:  tropical forest, desert, savanna, chaparral, temperate grassland, coniferous forest, temperate broadleaf forest, and tundra.

Major themes addressed in the chapter:

1. Science as a process.  The study of ecology has lead to a number of different environmental issues.  Explain.

2. Evolution.  Ecology and evolutionary biology are closely related.  Explain. 

3. Energy transfer.  Global climate patterns are influenced by the changing seasons.  Explain.

4. Continuity and change.  Studying ecology has led to a number of different discoveries in terms of climate and the changing environment.  How are scientists documenting and providing support for these changes?

5. Interdependence in nature.  The environment includes both biotic and abiotic components.  How are they interrelated? 

6. Relationship of structure to function.  The structures of most organisms are related to their function, and are largely a product of their environment.  Explain using specific examples from class.

7. STS. In pet shops throughout North America, you can purchase a variety of nonnative fishes, birds, and reptiles.  Describe some scenarios in which such pet trade could endanger native plants and animals. Should governments regulate the pet trade?  How would you balance such regulation against a person’s individual rights?
Chapter 51, Behavioral Ecology:  Behavioral ecologists distinguish between proximate and ultimate causes of behavior; Many behaviors have a strong genetic component; Environment, interacting with animal’s genetic makeup, influences the development of behaviors; Behavioral traits can evolve by natural selection; Natural selection favors behaviors that increase survival and reproductive success; The concept of inclusive fitness can account for most altruistic social behavior.

Questions you should be able to answer:
1. Define behavior.

2. Distinguish between proximate and ultimate question about behavior.  Ask a proximate question and an ultimate question about a bird song.

3. Define fixed action patterns and give an example.

4. Define imprinting.  Suggest a proximate cause and an ultimate cause for imprinting in young geese.

5. Explain how genes and environment contribute to behavior.  Explain what is unique about innate behavior.

6. Distinguish between kinesis and taxis.

7. Describe how associative learning might help a predator avoid toxic prey.

8. Distinguish between classical conditioning and operant conditioning.

9. Explain optimal foraging theory.

10. Explain how predation risk may affect the foraging behavior of a prey species.

11. Define inclusive fitness and reciprocal altruism.  Discuss conditions that would favor the evolution of altruistic behavior.

12. Relate the coefficient of relatedness to the concept of altruism.

Major themes addressed in the chapter:

1. Science as a process.  The science of behavioral ecology is based largely on experimentation.  Explain.

2. Evolution.  What are some examples of sexual selection?  How do these contribute to the evolution of a species?  Provide examples.

3. Continuity and change. Using Game Theory, explain how the three different variants of side-blotched lizards change and are maintained over time.

4. Interdependence in nature.  Often times in nature, the color of a male is influenced by the mating choice of a female.  In turn, this color is often a red flag for predators.  Explain and give examples. 

5. STS.  Researchers are very interested in studying identical twins who were separated at birth and raised apart.  So far, the data suggest that such twins are much more alike than researchers would have predicted; they frequently have similar personalities, mannerisms, habits, and interests.  What general question do you think researchers hope to answer by studying twins that have been raised apart?  Why do identical twins make good subjects for this kind of research?  What are the potential pitfalls of this research?  What abuses might occur if the studies are not evaluated critically and if the results are carelessly cited in support of a particular social agenda?
Chapter 52, Population Ecology:  Dynamic biological processes influence population density, dispersion, and demography; Life history traits are products of natural selection; The exponential model describes population growth in an idealized, unlimited environment; The logistic growth model includes the concept of carrying capacity; Populations are regulated by a complex interaction of biotic and abiotic influences; Human population growth has slowed after centuries of exponential increase.

Questions you should be able to answer:

1. Distinguish between density and dispersion of a population.

2. Explain how ecologists may estimate the density of a species.

3. Explain how a life table is constructed.

4. Compare the exponential model of population growth with the logistic model.

5. Explain how an environment’s carrying capacity affects the per capita rate of increase of a population.

6. Explain, with examples, how biotic and abiotic factors may work together to control a population’s growth.

7. Compare the age structures of Italy, Afghanistan, and the United States.

Major themes addressed in the chapter:

1. Science as a process.  This chapter includes many examples of how the scientific process is used to examine changes populations undergo.  

2. Evolution.  Life history traits are evolutionary outcomes reflected in the development, physiology, and behavior of an organism.

3. Continuity and change.  Describe, using examples, how a population of organisms goes through cycles of “boom and bust.”

4. Interdependence in nature.   How do biotic and abiotic interactions influence a population? 

5. Regulation.  How is population density regulated?

6. STS.  Many people regard the rapid population growth of developing countries as our most serious environmental problem.  Others think that the population growth in developed countries, though smaller, is actually a greater environmental threat.  What problems result from population growth in (a) developing countries and (b) the industrialized world?  Which do you think is a greater threat, and why?
Chapter 53, Community Ecology:  A community’s interactions include competition, predation, herbivory, symbiosis, and disease; Dominant and keystone species exert strong controls on community structure; Disturbance influences species diversity and composition; Biogeographic factors affect community biodiversity; Contrasting views of community structure are the subject of continuing debate.

Questions you should be able to answer:

1. State the competitive exclusion principle.

2. List the categories of interspecific interactions and explain how each interaction may affect the population densities of the two species involved.

3. Define an ecological niche and restate the competitive exclusion principle using the niche concept.

4. Explain how interspecific competition may lead to resource partitioning.

5. Define and compare predation, herbivory, and parasitism.

6. Give specific examples of adaptations of predators and prey.

7. Explain how cryptic coloration and warning coloration may aid an animal in avoiding predators.

8. Distinguish between Batesian mimicry and Müllerian mimicry.

9. Describe how predators may use mimicry to obtain prey.

10. Distinguish among parasitism, mutualism, and commensalism.

11. Distinguish between a food chain and a food web.

12. Define stability and disturbance.

13. Provide examples of how disturbance may increase or decrease species diversity.

14. Distinguish between primary and secondary succession.

15. Explain why species richness declines along an equatorial-polar gradient.

16. Explain how species richness on islands varies according to island size and distance from the mainland. 

Major themes addressed in the chapter:

1. Science as a process.  An ecologist studying plants in the desert performed the following experiment.  She staked out two identical plots, each of which included a few sagebrush plants and numerous small annual wildflowers.  She found the same five wildflower species in roughly equal numbers on both plots.  She then enclosed one of the plots with a fence to keep out kangaroo rats, the most common grain–eaters of the area.  After two years, four of the wildflower species were no longer present in the fenced plot, but one species had increased drastically.  The control plot had not changed in species diversity.  Using the principles of community ecology, propose a hypothesis to explain her results. What additional evidence would support your hypothesis?
2. Evolution.  Explain why adaptations of particular organisms to interspecific competition may not necessarily represent instances of character displacement.  What would a researcher have to demonstrate about two competing species to make a convincing case for character displacement?
3. Continuity and change.  How has the glacial retreat in southeastern Alaska been used as a indicator of change in terms of ecological succession?

4. Interdependence in nature.  Explain the interdependence in nature in terms of Batesian and Müllerian mimicry.

5. STS.  By 1935, hunting and trapping had eliminated wolves from the United States except for Alaska.  Because wolves have since been protected as an endangered species, they have moved south from Canada and have become reestablished in the Rocky Mountains and northern Great Lakes region.  Conservationists who would like to speed up wolf recovery have reintroduced wolves into Yellowstone National Park.  Local ranchers are opposed to bringing back the wolves because they fear predation on their cattle and sheep.  What are some reasons for reestablishing wolves in Yellowstone National Park?  What effects might the reintroduction of wolves have on the ecological communities in the region?  What might be done to mitigate the conflicts between ranchers and wolves?
Chapter 54, Ecosystems:  Ecosystem ecology emphasizes energy flow and chemical cycling; Physical and chemical factors limit primary production in ecosystems; Energy transfer between trophic levels is usually less than 20% efficient; Biological and geochemical processes move nutrients between organic and inorganic parts of the ecosystem; The human population is disrupting chemical cycles throughout the biosphere.

Questions you should be able to answer:

1. Describe the fundamental relationship between autotrophs and heterotrophs in an ecosystem.

2. Explain how the first and second laws of thermodynamics apply to ecosystems.

3. Explain how decomposition connects all trophic levels in an ecosystem.

4. Define gross primary production and net primary production.

5. Define and compare net primary production and standing crop.

6. Distinguish between primary and secondary production, and between production efficiency and trophic efficiency.

7. Describe the four nutrient reservoirs and the processes that transfer the elements between reservoirs.

8. Name the main processes driving the water cycle.

9. Name the major reservoirs of carbon.

10. Describe the nitrogen cycle and explain the importance of nitrogen fixation to all living organisms.  Name three other key bacterial processes in the nitrogen cycle.

11. Describe the phosphorous cycle and explain how phosphorous is recycled locally in most ecosystems.

12. Explain how decomposition affects the rate of nutrient cycling in ecosystems.

13. Describe eutrophication.

14. Describe the causes and consequences of acid precipitation.

15. Describe how increased atmospheric concentrations of carbon dioxide could affect Earth.

Major themes addressed in the chapter:

1. Science as a process.  Explain the experiment conducted by David Schindler on the eutrophication of lakes.  What did his research ultimately lead to?

2. Evolution.  Some biologists, struck by the complex interdependence of biotic and abiotic factors that make up ecosystems, have suggested that ecosystems themselves are emergent, “living” systems capable of evolving.  One manifestation of this is James Lovelock′s Gaia hypothesis, which views Earth itself as a living, homeostatic entity—a kind of superorganism.  Critique the idea that ecosystems and the biosphere can evolve by applying the principles of evolution you have learned in this course.  If ecosystems are capable of evolving, is this a form of Darwinian evolution?  Why or why not?
3. Energy transfer.  Physical and chemical factors limit primary productivity in an ecosystem.  Explain.

4. Continuity and change.  Explain chemical cycling and the role it plays in the environment.

5. Interdependence in nature.  Using the Hubbard Brook Experimental Forest study as an example, explain how deforestation affects nutrient cycling?  

6. STS.  The amount of CO2 in the atmosphere is increasing, and global temperature has increased over the past century.  Most scientists agree that the two phenomena are related and say that greenhouse warming is under way.  These scientists stress that we need to take action now to avoid drastic environmental change.  However, some scientists say that it is still too soon to tell and we should gather more data before we act.  What are the advantages and disadvantages of doing something now to slow global warming?  What are the advantages and disadvantages of waiting until more data are available?
Chapter 55, Conservation Biology and Restoration Ecology:  Human activities threaten Earth’s biodiversity; Population conservation focuses on population size, genetic diversity, and critical habitat; Landscape and regional conservation aim to sustain entire biotas; Restoration ecology attempts to restore degraded ecosystems to a more natural state; Sustainable development seeks to improve the human condition while conserving biodiversity.

Questions you should be able to answer:

1. Distinguish between conservation biology and restoration biology.

2. Describe the three levels of biodiversity.

3. Explain why biodiversity at all levels is vital to human welfare.

4. List the four major threats to biodiversity and give examples of each.

5. Define biodiversity hot spots and explain why they are important.

6. Explain why nature reserves must be functional parts of landscapes.

7. Define zoned reserves and explain why they are important.

8. Explain the importance of bioremediation and biological augmentation of ecosystem processes in restoration efforts.

Major themes addressed in the chapter:

1. Science as a process.  There are a variety of case studies that have been conducted to demonstrate the importance of population size and genetic variability and the influence these variables have on a sustainable population.  Choose one and explain.

2. Evolution.  Why is genetic diversity important to the evolutionary adaptability of a population of organisms?

3. Continuity and change.  Researchers observed that the population collapse of the greater prairie chicken was mirrored in a reduction in fertility, as measured by the hatching rate of eggs.  Comparison of DNA samples from the Jasper County, Illinois, population with DNA from feathers in museum specimens showed that genetic variation had declined in the study population. In 1992, researchers began experimental translocations of prairie chickens from Minnesota, Kansas, and Nebraska in an attempt to increase genetic variation.  After translocation, the viability of eggs rapidly improved, and the population rebounded.  What do you conclude was the cause of the decline in the population.

4. Interdependence in nature.  Biodiversity is closely linked to human welfare.  Explain.

5. STS.  How is overexploitation threatening biodiversity?

