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Teaching Tips 
1. Begin class by asking the students to define the term environment in their own words. Ask students to respond on a notecard to be submitted. At the end of the semester, return the notecards to the students and ask them to redefine the term based on what they learned during the course. Lead a discussion about how their definitions changed. 
2. To teach the scientific method, present a situation to the class and ask students to work in groups to address the issue using the scientific process. For example, a farmer in South Carolina notices that the pond on his property has an unusually high amount of algae in it. Because of the algal growth, his cattle will not drink from the pond. What is happening, and what could he do? Based on this information (the observation), ask students to formulate a hypothesis, make a prediction, and design an experiment. 
3. To make environmental science more appealing to students, present information about local environmental issues. When students are faced with environmental problems where they live, they see how they relate to them personally and realize that they can make a difference. One possibility is to look at the Canadian Environmental Protection Act’s (CEPA) policies, which can be found at www.ec.gc.ca/cepaRegistry/. 
4. Ask students to conduct internet research on Easter Island. What is it like today? How many people live on the island? What are the main resources? Now research one of the success stories, the island of Tikopia, which lies in the Pacific Ocean east of Australia and New Guinea, west of Tonga and Fiji. Look in Jared Diamond’s book Collapse (2005, Viking Press) or at some of the internet sites showing his lectures. Compare and contrast the stable culture that has lasted at least 3000 years on Tikopia with the fallen and failed culture of Easter Island. What are the major differences in how the people approached the idea of sustainability? 
5. Quick feedback: Use a technique known as muddiest point to assess student understanding of the material. During the last 5 minutes of class, pass out index cards (or have students use their own paper, but in a large class index cards will be faster to assess) and ask students to write down, anonymously, the one point from the day that they do not quite grasp—the “muddiest point.” Students leave cards in a pile as they exit. You do not need to read every one of them in a large class—a random sample of 20 will give you a good indication of whether there are a couple of concepts that many students find unclear and you need to go over again, or whether most students understood everything. The technique has two benefits: First, the students must engage in some higher-order thinking to quickly review the lesson and their notes, assessing for clarity; and, second, you will get a snapshot of whether there are small, scattered misunderstandings or a single issue that needs to be revisited. (From Thomas A. Angelo and K. Patricia Cross. 1993. Classroom Assessment Techniques: A Handbook for College Teachers, 2nd ed. San Francisco: Jossey-Bass Publishers.) 
6. Divide the class into six teams. Assign a chapter from Overshoot by William Catton, Jr. (see text reference below) to each team. Ask students to summarize the main points, analyze the information presented by the author, and explain if or how the text is relevant today. Encourage discussion about how issues raised in the text were addressed with legislation and action, or not.  

Discussion Questions
1. Discuss some ways that environmental science has impacted your ‘social’ lives.
Answers will vary but the idea is to get students to make the link between environmental science and their everyday, non-academic lives.
2. Discuss what the term sustainability means to you.
Answers will vary but again, this is strengthening students’ realization of the linkages between environmental science and their lives and then going further to make the link to the concept of sustainability.
3. Discuss ways in which you are living a sustainable life.

Getting students to discuss how they are living sustainably on an individual level will help other students make the link and see what they are able to do as well.

Essay Questions
1. Detail the linkages between the interactions of humans and the physical and biological world.

2. Discuss how the human population growth has and continues to shape our resource usage.

3. Why is environmental science considered an interdisciplinary pursuit?

Additional Resources 

Websites 

1. NASA Spacelink Curriculum Support, NASA (http://www.nasa.gov) 

This website provides educator guides for life science activities that integrate the scientific method.

2. Sustainable Development Topics, United Nations Division for Sustainable Development (www.un.org) 

Information, documents, and publications related to sustainable development and Agenda 21 can be accessed from this website. 
3. U.S. and World Population Clocks, U.S. Census Bureau 

(www.census.gov) 

This website provides the current total population of the world. 

4. Fished Out: The Rise and Fall of the Cod Fishery, Canadian Broadcasting Corporation (http://archives.cbc.ca) 

Archival video reports can be found here about the collapse of the cod fishery in the Grand Banks off the eastern coast of Canada. 
Audiovisual Materials 

1. Earth on Edge, Bill Moyers Reports, 2001, distributed by Films for the Humanities and Sciences (www.films.com). This film can also be found at the NOVA online store (http://shop.wgbh.org). 
In collaboration with the World Resources Institute, Moyers assesses the state of the environment in interviews with scientists from around the world.
2. Paul Ehrlich and the Population Bomb, 1996, distributed by Films for the Humanities and Sciences (www.films.com) 

This program presents interviews with Ehrlich and his critics about his belief that an unchecked population would upset the balance of nature. 

3. Scientific Methods and Values, distributed by Hawkhill Video (www.hawkhill.com) 

This 35-minute program describes the history of the scientific method and explains how the technique is used by scientists. 

4. State of the Planet: A Biosphere in the Balance, 2001, produced by BBC Worldwide and distributed by Films for the Humanities and Sciences (www.films.com) 
This video, narrated by David Attenborough, is the first in a three-part series that describes worldwide biodiversity and the human activities that are destroying it. 

5. World in the Balance, 2004, produced by NOVA and distributed by WGBH/PBS (http://shop.wgbh.org) 

This video is a two-hour program that investigates social and environmental strains placed on the world due to rapidly increasing human populations. 

6. Planet Earth, 2007, produced by the BBC (www.pbs.org) 

This series first aired on the Discovery Channel and captured the attention of diverse viewers. The compelling footage highlights many interesting and rare species, their habitat preferences, and also projects the viewer into the future, inspiring one to ask, “What next?” “What will happen if these areas and creatures are not recognized and protected?”  

Suggested Texts 

1. People and the Land through Time: Linking Ecology and History. 1997. Emily 

Russell. New Haven: Yale University Press. 
For students who want an  in-depth analysis of ecological issues based on human settlement patterns, this text provides valuable insights into the evolution of contemporary environmental issues. The author begins with geology, moves through disturbance features such as anthropogenic fire and finishes with actual case studies grounded in historical ecology. 

2. Overshoot: The Ecological Basis of Revolutionary Change. 1980. William R. 

Catton, Jr. Chicago: University of Illinois Press. 
The term overshoot is used and described in your textbook. Overshoot, now several decades in print, was a validation of Garrett Hardin’s “The Tragedy of the Commons” and Paul Ehrlich’s The Population Bomb. Overshoot skillfully packs the growing dependence of human culture on technologies that enabled the exploitation of more land. Sobering and well-written, with chapters reviewing issues of carrying capacity, the cornucopian myth, drawdown, cargoism, overshoot, and crash.  

Answers to End-of-Chapter Questions 
Testing Your Comprehension  
1. What is environmental science? Name several disciplines that contribute to environmental science.

Environmental science seeks to understand how Earth’s natural systems function, how humans are influenced by them, and how we are influencing them. It includes the disciplines of ecology, biology, chemistry, atmospheric science, oceanography, Earth sciences and geology, political science, economics, geography, ethics, demography, and others.

2. What do renewable resources and nonrenewable resources have in common? How are they different? Identify two renewable and two nonrenewable resources.

Both renewable and nonrenewable resources are categories of natural resources, the various substances and energy sources we need to survive. Nonrenewable resources are in limited supply and we use them much more quickly than the are formed (e.g., oil, coal, and mineral resources). Renewable resources are renewed or replenished by the environment over relatively short periods of time (e.g., trees and fish). Resources that are never depleted by our use (e.g., sunlight or wind) are sometimes called renewable or replenishable, but it is more accurate to refer to them as perpetual or inexhaustible resources.

3. What is the tragedy of the commons? Explain how the concept might apply to an unregulated industry that is a source of water pollution, or to fishing in open ocean waters.
The tragedy of the commons refers to a situation in which resources that are open to unregulated exploitation will eventually be depleted. For example, in a publicly held pasture, each person whose animals graze there would benefit. If each individual makes the rational decision to graze more animals in order to increase their individual profits, eventually the pasture may be overgrazed and its value destroyed. In the case of an industry that pollutes waterways, publicly accessible freshwater is the “commons,” and pollution is a negative impact, analogous to overgrazing. If everyone pollutes the water, the commonly accessible resource is destroyed. 

4. How and why did the Agricultural Revolution and the Industrial Revolution affect human population size and the environment?
Human population grew markedly as a result of both the Agricultural and Industrial Revolutions; both of them increased the carrying capacity of the planet, allowing human population to grow. The Agricultural Revolution made it easier for humans to meet their nutritional needs than they could as hunter-gatherers; thus, they lived longer and had more children. The Industrial Revolution brought improved sanitation and medical technology, and increased agricultural productivity fueled by fossil fuels and fertilizer. This significantly increased life expectancy, decreased mortality, and expanded the capacity to feed a growing population. There is still debate about whether an increase in carrying capacity causes or allows the population to increase.

5. What is an ecological footprint, and what are some of the challenges in making this type of calculation?
The ecological footprint (EF) is a tool that expresses the environmental impact of an individual or a population. It is calculated in terms of the area of land and water required to provide the raw materials that person or population consumes, and to absorb or recycle the wastes produced. The EF calculation gives the total area “used” by a given person or population, including direct and indirect impacts. The results of footprint calculations vary dramatically; you will even find variations among examples mentioned in this book. This is because EF calculations are complicated, and depend heavily on how certain components are defined. For example, different approaches use different methodologies to account for the surface area of the ocean, which—though supportive of life—clearly does not have the same significance as land area does for humans, as “living space” or even “biologically productive space” for farming. Different methodologies can lead to very different results in EF calculations. Thus, the major challenges in making this calculation are the lack of standardized measurements and methodologies. The current work of researchers to standardize ecological footprint calculations should make the calculations more robust and their application to questions of environmental impact more effective.

6. What is the relationship between carrying capacity and ecological footprint?

Carrying capacity and ecological footprint are related because we can quantify our impacts and our resource consumption relative to the planet’s carrying capacity using the ecological footprint. Ecological footprint is essentially the inverse of carrying capacity—it is a measure of the land (and water) required to support an individual, rather than the number of individuals that can be supported by an area of land (or water). 

7. What is biocapacity? How can a country that has a large per capita ecological footprint, like Canada, be a biocapacity “creditor” rather than a biocapacity “debtor”?

The capacity of a terrestrial or aquatic system to be biologically productive and to absorb waste, especially carbon dioxide, is referred to as biocapacity. The ecological footprint of Canada is approximately 7 gha (global hectares) per person. This is far larger than the average world ecological footprint of 2.7 gha per person, which already exceeds the global biocapacity of 1.8 gha. However, Canada is a large country with abundant natural resources, and an available biocapacity of about 14.9 gha per person. Hence, Canada is a “biocapacity creditor” rather than a “debtor,” overall.

8. Why are our energy choices going to be particularly important in setting a more sustainable course for society?

Energy choices will be particularly important in helping us, as a world community, change our current methods and develop in a more sustainable manner. Our reliance on fossil fuels to power our civilization has intensified virtually every negative impact we have on the environment, from habitat alteration to air pollution to climate change. Although the lives we live today are laregly a result of the availability of fossil fuels that have allowed us to develop and support our modern society, this source of energy is not sustainable. We have depleted half the world’s oil supplies and we are in for a rude awakening, once the supply begins to decline while demand continues to rise. The search is now on for alternative, sustainable sources of energy and new energy technologies that will allow us to maintain an acceptable standard of living while minimizing the environmental impacts of energy use. 

9. Give examples of three major environmental problems in the world today, along with their immediate and root causes.

[Individual answers will differ.] Three major environmental problems in the world today include loss of biodiversity, global climate change, and urban air pollution. The rapidly increasing human population drives the need for more resource extraction and development; thus, it is one of the root causes of environmental problems. Another root cause is high levels of resource consumption in affluent parts of the world. Some of the immediate (or “proximate”) causes of environmental problems include inappropriate, overly intensive, or polluting practices in agriculture and industry, and heavy reliance on fossil fuels for energy. 

10. How would you define the term sustainable development?

[Individual answers will differ.] Sustainable development is the use of renewable and nonrenewable resources to maintain or increase human living standards in ways that satisfy our current needs without compromising the resources’ future availability. [or] Sustainable development means that we live within environmental limits and without degrading the biocapacity and carrying capacity of the planet. [or] Sustainable development means that we meet the “triple bottom line” of environmental, economic, and social goals.

Interpreting Graphs and Data
1. Using the graph in part (a), what would you say was the population size after 200 generations? After 400? After 600? After 800? How would you answer the same questions by using the graph in part (b)? What impression does the graph in part (a) give about population change for the first 600 generations? What impression does the graph in part (b) give?
Graph (a): 0; 0; 1 billion; 10 billion. Graph (b): 1000; 10 000 000; 1 billion; 10 billion. 

Graph (a) gives the impression that the population does not grow at all during the first 600 generations and then shoots up very rapidly. Graph (b) gives the impression that the population is growing at a constant rate, rather then experiencing a dramatic increase. 

2. Compare graphs (a) and (b) to the graph of human population growth in (c). Does this graph use a linear scale, or a logarithmic scale? What does the human population appear to be doing between 10 000 b.p. and 2000 b.p.? How would you describe the growth pattern after that time?
The graph in (c) uses a linear scale (although the curve shows exponential growth). Between 10 000 and 2000 b.p., the human population appears to be low and relatively stable; it is increasing at a very slow rate. After that, it begins to increase more rapidly and then shoots up dramatically closer to the present day.

3. The size of a population that is growing by a constant rate of increase will plot as a straight line on a logarithmically scaled graph like the one in part (b), but if the annual rate of increase changes, the line will curve. Do you think the data for the human population over the past 12 000 years would plot as a straight line on a logarithmically scaled graph? If not, when and why do you think the line would bend?

The human population over the past 12 000 years would not plot as a straight line on a logarithmically scaled graph, because both the absolute number and the rate of growth have changed. The line would bend upward (that is, the slop would change) around the time of the Agricultural Revolution and then again in the Industrial Revolution, as a result of the significant increase in the rate of population growth at those times. 
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