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3.  Energy pyramids show the relative amounts of energy that could be transferred to humans from different food sources. 
From energy diagrams we can see that plants provide much more energy to humans than animals do. When humans 
consume plants, they receive 10% of the energy available from the plants. However, if humans consume animals that 
consume plants, they only receive 10% of the energy available from the animal, which is 10% of the energy available 
from the plant, or 1% of the energy available from the plants. 

4.  Many types of animals can graze on lands that are too dry, steep, or rocky for crop cultivation. Sheep, goats, and other 
domestic animals can thus increase the amount of food energy available to humans through meat and milk production. 

Applying Inquiry Skills  
5.  

Type of ecosystem Primary productivity 
(J/m2/year) 

Energy available to 
primary consumers 
(J/m2/year) 

Energy available to 
secondary consumers 
(J/m2/year) 

Tropical rainforest 38 000 38 000 !  10% = 3 800 3800 x 10% = 380 
Temperate grassland  9200  9200 !  10% = 920 920 !  10% = 92 
Open ocean  5000  5000 !  10% = 500 500 !  10% = 50 

Making Connections 
6. Student answers may include the following: 
  (a) Low-tillage methods of cultivation reduce soil erosion and the need for large machinery and encourage the 

development of beneficial microorganisms, worm populations, and rhizomal areas in the soil. 
  (b) Drip irrigation is the process of delivering precise amounts of water and nutrients directly to the plant’s root zone, drop 

by drop, offering growers exact irrigation control and efficient use of limited water resources.  
  (c) Crop rotation involves moving crops around every season so that no crop is grown on the same spot two years running. 

Growing the same plants in the same ground year after year results in a steady accumulation of soil-borne pests and 
diseases. Crop rotation is also beneficial because different plants require different soil conditions. When growing 
vegetables, you need to feed the soil, which is best done by growing crops that vary from year to year.  

7.  Student answers will vary depending on their points of view. Major points centre on several arguments. A few are listed 
below. 
(i) Only 10% of available energy is transferred between trophic levels. Therefore, it is better to eat only vegetables as this 

is the best way to acquire energy from lower trophic levels. 
(ii) Domestic animals are able to digest more types of plant foods then humans can. Domestic animals can also graze on 

marginal lands that cannot be used for crops.  
(iii) Not enough nutrients are available from a vegan diet. Humans need a source of protein. 
(iv) If we needed to grow more crops, less land would be available to build houses, create parks, and so on. Huge amounts 

of land would have to be converted to agricultural purposes. 
 

15.4 LIFE SUPPORT SYSTEMS: WATER AND AIR  

Section 15.4 Questions 

(Page 731) 

Understanding Concepts 
1.  Stresses on global water supplies would include the following: 

• Reduction of aquifers, especially by irrigation. 
• Salt buildup, especially by agricultural runoff. 
• Pollution by organic and chemical wastes. 

2.  Flood irrigation covers the entire field with water. This method is relatively cheap and requires simple technologies. The 
evaporation rate and salt buildup are rapid. Drip irrigation is concentrated only on the crop plant. The technology is 
relatively complex and expensive but minimizes evaporation loss and salt buildup.  

3.  (a) Desalination is expensive, in terms of both money and energy. Desalination is only an option in coastal areas; dry 
interior sites could not make use of desalination.  

  (b) (i) Distillation heats seawater to cause evaporation of water. The water vapour is condensed back to liquid, which 
separates the salt. Distillation does not rely on a membrane that can fail. It also removes more of the contaminants than 
reverse osmosis does.  

   (ii) Reverse osmosis uses water under pressure and a membrane that is selectively permeable to water but not salt. An 
advantage of reverse osmosis is that no chemicals are used to treat the water. In both situations, huge amounts of waste 
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salts are produced. Both methods require electricity and are therefore very expensive, and both consume energy 
resources.  

4.  (a) Acid deposition refers to the formation of precipitation that has dissolved compounds to form an acid. As clouds blow 
in the wind, the acids are often deposited at great distances from the source. 

  (b) The two most widespread sources are sulfur dioxide from the burning of coal and nitrous oxides from the internal 
combustion engines of vehicles. 

5.  Technologies could include the following: 
• Reduction of household water use by installing low-volume toilets, installing and maintaining low-water-flow faucets, 

limiting watering of lawns and washing cars 
• Treatment of sewage and storm water to maintain water quality 
• Ensuring that industrial wastes remain separated from water sources 
• Maximizing the use of crops that are suited to local climatic conditions to minimize irrigation 
• Covering water reservoirs to minimize evaporation loss 

6.  This process is called the greenhouse effect. Solar radiation passes through gases such as carbon dioxide and methane to 
reach the surface of the earth. This radiation is absorbed by the earth and then radiated as infrared radiation (heat). Carbon 
dioxide and methane reflect infrared, so heat is trapped in the atmosphere. 

Applying Inquiry Skills  
7.  (a) Two trends are seen. In North America, Europe, South American, Australia, and parts of Africa, areas that are water 

deficient tend to have low population densities. In Asia and some parts of Africa, areas that are water deficient have 
high population densities. 

  (b) Northern and eastern China, India, northern Africa, and the western United States have both high densities and water 
deficiencies. Many areas with high water availability have low population densities. Areas such as these may buy water 
from other areas and import it, treat “less clean” water sources in the area, pipe water from remotes areas, and so on.  

Making Connections 
8.  Student answers will vary, but three important points to include follow: 

(i) We need to develop nonpolluting industries ourselves. 
(ii) These technologies will cost money to develop; should they then be given away? 
(iii) If other nations are producing the same products as we are, we risk lowering our own standard of living. 

9.  Teachers should refer to guidelines supplied in the Teachers’ Guide regarding how to organize class debates based on 
student research. The book WATER, by Marq deVilliers, is a good resource. A few possible advantages and disadvantages 
include the following: 

  Advantages 
• It’s a source of income for the Canadian economy. 
• It could improve trade relations between Canada and the United States; if we supply them with water, they may help us 

with something else when we need it. 
  Disadvantages 

• If we sell water to the Unites States, there is less for us. We don’t know how much they will want. This could 
eventually leave us with a water deficit . 

• Draining a lake or a groundwater system to ship the water to the United States will have far-reaching effects on our 
ecosystem. Is it worth destroying an ecosystem to make a few dollars? 

10. (a) Major sources of air pollutant emissions in Ontario include the following: 
• Coal-burning for electricity; Ontario Power Generation has five coal plants contributing to this area. 
• Prevailing winds make U.S. pollution sources among the major contributors to Ontario’s air pollution, especially to 

smog (average of about 50%). 
• Ontario’s transportation sector (on-road: cars, trucks, buses; off-road: construction equipment), for example, is 

responsible for approximately 60% of smog-causing NOx emissions made in Ontario. 
  (b) Health/economic/societal effects 

• Estimates of death rates in Ontario associated with air pollution range from about 1500 to 5000, and thousands more 
suffer from respiratory ailments, such as asthma and bronchitis. 

• For Ontario alone, air pollution costs an estimated $1 billion per year in health care.  
• Air pollution also contributes to acid rain. Acid rain eats at buildings, eroding them. This damage has to be fixed, 

costing taxpayers money every year.  
  (c) Technological and political actions


