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Chapter 1 The Biosphere of Life
The peregrine falcon, the rarest raptor on the Canadian prairies, faced
extinction in the 1960s. There was a significant reduction in the number
of offspring for the peregrine falcon. The reason for the decrease in its
numbers was unknown. Scientists investigating the problem suspected
the decrease in population was due to fewer young being able to reach
adulthood. Studies found that the number of eggs laid in each nest was
normal, but for some reason, very few peregrine falcon chicks were
being hatched.
In an examination of eggs within the nest, scientists found their
answer. The shells of the eggs were too thin and, therefore, broke easily.
Further studies, aimed at finding a cause for the thin-shelled eggs,
determined that the pesticide DDT was causing the peregrine falcon’s
eggs to be thin-shelled. As a result of this research, heavy restrictions on
the use of DDT in Canada and the United States, along with intensive
captive-breeding and reintroduction programs, have helped increase the
numbers of this species in Canada. What would the impact on the prairie
ecosystem have been if the peregrine falcon had become extinct?
The story of the near extinction of the peregrine falcon highlights the necessity
for humans to be good land stewards. Stewardship refers to the need to demonstrate
sensitivity and responsibility in pursuing a balance between the needs of humans
and a sustainable environment. This includes monitoring and conserving wildlife
species and their habitat, as well as protecting and improving the quality of soil,
water, air, and other natural resources. Becoming aware of how you can help
sustain your local environments will help you become a better steward of the land.
In this chapter you will learn about factors that affect an ecosystem. You will
also consider the impact humans have on their environment and the steps people
can take to help protect the environment.
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Life in a Fishbowl

Figure D1.1: Peregrine falcons can
be tracked.

The near extinction of the peregrine falcon placed a great deal of scrutiny on the survival
of this bird. Researchers now use satellite tracking to follow the migration of falcons.
Satellite technology provides information about the movement and behaviour of many
endangered species. This allows scientists to determine the location of tagged individuals
and to monitor conditions, such as temperature. Tagging can also provide data related
to preferred nesting locations. Scientists now have a better understanding of what
behaviours and conditions may affect the falcon’s survival. However, technology alone
cannot prevent the extinction of an endangered species.
One outcome of this monitoring is that individuals of the species can be observed
virtually around the clock. Despite the fact that peregrine falcons build their nests high
above the ground to protect their eggs from potential predators, carefully placed video
cameras can record their behaviour. Media awareness regarding this species was
enhanced when cameras were installed to monitor nests found in urban centres—the
Telus Building in Edmonton and Craigie Hall on the University of Calgary campus. You
can find dedicated websites that monitor the success of falcons nesting in both of these cities. It’s almost like these
falcons are living in a fishbowl and are constantly available for observation. However, unlike tropical fish in an aquarium,
the falcons are free to move throughout the urban environment to search out food and other necessities for living.
Have you ever helped maintain an aquarium
filled with tropical fish, such as guppies? There
are numerous details that require careful attention:
the temperature, pH, and oxygen levels of the
water, as well as a system to filter the water. What
are the requirements for a goldfish to survive in a
bowl? Is there a difference between an aquarium
filled with guppies and a bowl containing goldfish?
Careful examination of the various components
that support life in an aquarium can help you
understand the work of scientists studying the
conditions required to protect many endangered
species.

Purpose
Identify factors or conditions that will affect the survival of an aquarium’s
aquatic life. Look for non-living or living factors that will affect the survival
of the aquatic life.

Science Skills
� Performing and Recording

Procedure
step 1: Carefully examine an aquarium filled with tropical fish, such as guppies.
step 2: Identify at least five different factors that will directly affect the survival of the tropical fish.
step 3: Repeat steps 1 and 2 in an aquarium containing goldfish.

Analysis
1. Describe factors that are similar between aquariums filled with tropical fish and those filled with goldfish.
2. Describe factors that are different between aquariums containing tropical fish and those containing goldfish.
3. Predict what will happen if you move the tropical fish to the goldfish bowl.
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Try This Activity
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1.1 Water: An Essential Abiotic Factor

Figure D1.2: Fishing in a fast-flowing stream is enjoyable.

Have you ever had the opportunity to go fishing? If you have, can you recall the excitement of catching your first fish? If you
are like most people, your first time fishing was in the company of an experienced person who knew the area and important
details about the type of fish that you were trying to catch. These included preferred foods and feeding habits.
This information is vital when trying to catch fish. A biologist might say that your fishing success depends upon your
knowledge of both biotic and abiotic factors in the environment of the fish. In other words, if you want to catch fish, you
need to have some understanding of the local ecosystem.
biotic factor: a living organism in the environment

abiotic factor: a physical, non-living part of the environment
ecosystem: all the organisms in an area as well as the
abiotic factors with which they interact

Practice
Use the following information to help you answer questions 1 to 3.

Figure D1.3: Using flies like these increases
the probability of anglers catching fish.

These artificial imitations of winged insects float on the water and act as fish bait. They are commonly called flies. The
appearance and motion of these flies along the water’s surface mimic stranded insects that are a common food source
for many fish.
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2. Many streams are shaded by trees that grow close to the water’s edge. Branches extend over the stream.
a. Determine if the trees are a biotic factor or an abiotic factor in the stream’s ecosystem.
b. One effect of the shade cast by trees is to reduce the amount of water being heated by direct sunlight. Determine
if the water temperature is a biotic factor or an abiotic factor in the stream ecosystem.
c. Is it possible for an organism to change abiotic factors within an ecosystem?
3. An angler decides that the fish prefer to feed in cooler water shaded from direct sunlight. A particular fly is chosen,
and the fishing rod is used to place the fly in an ideal spot. Concisely explain how this demonstrates the angler’s
understanding of the stream ecosystem.

Perhaps the most important abiotic factor in the mountain stream’s environment is the water itself. The water is not just
found in the stream—it is an essential component of every life form in the ecosystem. Water comprises 70% to 95% of
all cells. Why is water so important? In previous science courses you learned that water is the solvent of life—many ionic
components are dissolved in water and are transported between living cells in fluids, such as blood and tree sap. As you learn
about other abiotic factors, keep in mind that there are usually connections between these factors and water.

Habitat
How often would you need to water the plants in Figure D1.4? The answer depends
entirely on the particular plants you are growing. Petunias thrive in moist soils,
whereas begonias need to be watered carefully—too much water will cause
their roots to rot. This is why begonias have to be planted in well-drained soil.
Similarly, if you were to ask about the ideal temperature range, the
optimum amount of sunlight, the
habitat: all the biotic and abiotic
soil composition, or any other abiotic
factors present in an area that
factor, the answers would depend upon
encourage the reproduction and
survival of a particular organism
what species you were trying to grow.
Petunias, for example, grow very well in
sunny locations. Begonias prefer shade.
Some gardeners have favourite varieties,
and they work very hard to provide the
optimum conditions to help these plants
grow. Other gardeners take a slightly
different approach. They begin with the
abiotic factors naturally present in the
garden site and then select varieties that
will thrive in these pre-existing conditions.
No matter which approach you take, the
idea is to match a plant to its ideal habitat.
Notice that the description of an ideal
habitat is specific to a particular organism.
Figure D1.4: The amount of water and heat that plants receive is crucial.

Practice
4. Describe some characteristics of the ideal habitat for begonias.
5. Describe some characteristics of the ideal habitat for petunias.
6. Identify the advantage in terms of habitat for growing plants in their own containers, such as pots and planters,
as opposed to planting them directly into the ground.
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1. Before fishing in a newly discovered mountain stream, an avid angler uses a butterfly net to collect samples of the
local airborne insects that are likely to find their way to the stream’s surface. The angler then examines these insects
and selects the flies to be used for that particular stream. Determine if the angler is assessing the biotic or the abiotic
factors of the ecosystem containing the stream when collecting the local insects.
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One group of abiotic factors that many gardeners attempt to address
through the use of fertilizers is the nutrients essential for healthy plant
growth. Although the nutrients supplied by fertilizers are designed to
enhance plant growth and development, these same nutrients can have
adverse effects if the fertilizer is applied incorrectly. The most common
error is that too much fertilizer is initially applied followed by days of
insufficient watering. This leads to a situation where the concentration
of the ionic compounds from the fertilizer, often referred to as salts,
becomes too high. In the next investigation you will examine the effect
of one salt, NaCl(s), on seed germination.

Your body fluids have a similar salt
concentration to the water found in oceans.
However, if you drink salt water from the
oceans, you might die from an overdose of salt.
nutrient: any element or compound that an organism
needs for metabolism, growth, or other functioning

Investigation
The Effect of Salinity on Seed Germination
Purpose
The concentration of salt in the soil—often called salinity—is an abiotic factor that affects the ability of plants to grow.
You will examine the effect of salinity on the ability of seeds to sprout or germinate. For this activity, a seed is considered
to germinate if a stalk or root more than 1 cm long protrudes from the seed.

Materials
•
•
•
•
•

seeds from two different varieties of plants (beans and sunflowers)
14 sealable, plastic sandwich bags
cotton batting or paper towels
dropper bottles containing the seven solutions
felt-tipped pen with permanent ink

Science Skills
� Performing and Recording
� Analyzing and Interpreting
� Communication and Teamwork

Procedure
step 1: Help to prepare the following stock solutions for your class:
•
•
•
•

distilled water with no salt added (the control)
0.25 g of salt per 1 L of distilled water
0.50 g of salt per 1 L of distilled water
1.0 g of salt per 1 L of distilled water

• 2.0 g of salt per 1 L of distilled water
• 4.0 g of salt per 1 L of distilled water
• 8.0 g of salt per 1 L of distilled water

step 2: Label two plastic bags with the concentration for each of the seven solutions. There will be 14 total bags.
One set will be for the bean seeds and the other set for the sunflower seeds.
step 3: Add the cotton batting and five seeds to each plastic bag.
step 4: Add just enough of the corresponding solution into each labelled plastic bag to moisten both the seeds and the
cotton batting. Ensure that the volume of solution added to each bag is kept constant.
step 5: Place the seeds in a well-lit location, although this doesn’t have to be direct sunlight.
step 6: Every two days, count how many seeds have germinated and add more of each solution if the seeds look dry.
step 7: Repeat step 6 for about two weeks. When you check for the final time, count the number of germinated seeds in
each plastic bag.

Analysis
1. Calculate the ratio of germinated seeds to non-germinated seeds for each plastic bag. The germination ratio is equal
to the number of seeds that germinated divided by the total number of seeds in each bag. This is then multiplied by
100%. Record your results in a suitable data table.
2. Construct a bar graph to display your results for each plastic bag of seeds. Place the percentage of germinated
seeds on the vertical axis and the concentration of the salt solution used to moisten the seeds on the horizontal axis.
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4. Compare the germination percentages for the two types of seeds in their responses to the salt solution. Identify any
similarities or differences.
5. Compare your findings to those of your classmates. At what level of salinity was the germination of each type of seed
affected by the salt’s presence?

Extension
6. In many arid countries, increasing soil salinity is creating major problems because once productive land
becomes too saline, it is no longer useful for agriculture. One source estimates that about three hectares
of arable land is lost every minute due to soil salinity. Use the Internet to determine the main causes of soil
salinity in arid countries.

Run-off and Harmful Algal Blooms

© Copyright CSIRO Land and Water
Figure D1.5: Fertilizer helps restore nutrients used by plants.

Figure D1.6: A harmful algal bloom can be devastating for other organisms.

Earlier you read that water is the solvent of
When the population explosion of algae
algae: microscopic, photosynthetic
life. In cases where there is excessive
has eventually depleted the nutrients that
organisms that play a vital role in
marine and freshwater ecosystems
run-off from farmers’ fields, nutrients
triggered this event, the algae begin to
harmful
algal
bloom:
a
rapid
dissolved in the water can have unintended
die in great numbers. The decomposition
growth of algae that can deplete the
effects on nearby bodies of water.
of dead algae requires oxygen and leads
oxygen dissolved in the water and
Decomposers break down decaying
to a reduction in dissolved oxygen in the
block the sunlight required by other
organic matter, naturally adding nutrients
water. This reduction in dissolved oxygen
organisms in the aquatic ecosystem
to the soil. As is the case with gardeners
will have a negative effect on the aquatic
and their potted plants, farmers often supply additional
life found in the aquatic ecosystem.
nutrients to soil by using fertilizers. Fertilizers are
materials that help restore nutrients used by plants or
Practice
provide essential nutrients to increase soil productivity.
Adding fertilizers containing nitrogen and phosphates
7. Explain the following statement: An effort intended to
can double the yield of wheat and barley grown in
enhance the abiotic factors in a farmer’s field may have
nutrient-depleted soil.
negative impacts on both the biotic and abiotic factors
If excess fertilizer is carried away from the soil by
essential to a nearby aquatic ecosystem.
run-off into local streams and lakes, nutrients from the
8. Some types of algae associated with an algal bloom
fertilizer can stimulate the growth of algae, leading to
may create toxins that can taint the water. This leaves
a population explosion. The individual alga, which are
it unsuitable for drinking by either humans or livestock.
normally invisible to the naked eye, now form huge
Explain how this situation might adversely affect a
colonies and appear as mats of thick, green ooze. When
farmer whose land borders the body of water with the
this situation begins to have negative effects on other
algal bloom.
organisms, it is called a harmful algal bloom.
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3. State what abiotic factor was tested in this experiment. Describe the biotic response affected by the abiotic factor
being tested.
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Water: A Finite Resource
The central role of water in living systems makes it a
precious commodity. Unfortunately, the impact of human
activities on the environment is reducing the supply of
precipitation
clean water, while at the same time a growing population is
placing demands for increased water use. Water is finally
being appreciated as a valuable resource that must be used
evaporation
absorption
draw
run-off
wisely. Some practices that were considered acceptable
many years ago are now being reconsidered. One such
surface water
inject
practice is the removal of petroleum products from the
aquifer
pump
ground using fresh surface water.
petroleum deposit
When a well is first drilled, pressure within the reserve
removed from
water cycle
is often sufficient to bring petroleum to the surface. As
the pressure drops, pumping becomes necessary. Once
Figure D1.7: The natural water cycle is disrupted by the oil industry’s oilfield
injection process.
the pressure drops further, water is often pumped into the
well in a process called oilfield injection. Water pumped down into the well creates higher pressures—this allows some of
the remaining petroleum to be pumped to the surface. By the time the well is finally shut down, water pumped into the well
remains underground permanently and is removed from the hydrological cycle.
Because of the cost, some petroleum companies obtain water for oilfield injection from streams, rivers, and lakes near
the well site, rather than utilizing supplies of water unfit for human consumption. Why would the use of fresh water by
the petroleum industry be a major concern for residents who live near a petroleum field? In the next investigation you will
consider the implications of oilfield injections that use fresh surface water.

Investigation
Take a Stand: Using Fresh Water
for Petroleum Extraction
Background

Science Skills

The extraction of fossil fuels is an important component of Alberta’s
� Performing and Recording
economy. Many petroleum companies inject fresh surface water
� Analyzing and Interpreting
into their wells to extract petroleum from the ground. When drilling,
� Communication and Teamwork
companies have traditionally used water from the closest or most
accessible source, including sloughs, lakes, streams, rivers, and
underground aquifers. There are environmental and economic factors that influence the use of nearby freshwater sources
in wells. You will use the “Decision-Making Skills and Risk-Benefit Analysis” on pages 548 and 549 to evaluate the use of
fresh water to extract petroleum from the ground.

Identifying Alternatives/Perspectives
Using local sources of fresh water by petroleum companies to extract petroleum is controversial. After fresh water is
injected into a well, this water is permanently removed from the hydrological cycle. Further, the water is contaminated
through contact with the petroleum and cannot be used by living things.
Should companies be allowed to use fresh water to help extract petroleum from the ground? There are many
viewpoints to consider while answering this question. These views include those of local residents, environmentalists,
local governments, and petroleum companies. By working in teams, you will consider the implications of allowing
petroleum companies to use local sources of fresh water by representing each of these viewpoints. Create a chart that
concisely summarizes the overall perspectives of each stakeholder group.

Researching the Issue
Each member of your team will research the impact of using fresh water to extract petroleum from wells from
the point of view of one stakeholder. For each stakeholder, you should develop at least two distinct arguments
to support the overall perspective of that group. Your arguments should be supported by research. Make
sure you gather information from a wide variety of sources—newspapers, magazines, scientific journals, the
Internet, and other available resources.
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Analyzing the Issue
Following a thorough study of available information sources, evaluate
the data your team has collected. Analyze the information by placing
the arguments in two columns: Arguments for Using Fresh Water for
Oilfield Injection and Arguments Against Using Fresh Water for Oilfield
Injection. Carefully examine your chart. What assumptions have been
made regarding the issue? Are there viable options to avoid using
local freshwater sources to extract petroleum?

Take a Stand and Defend Your Position
Using the information summarized in your analysis chart, what is
your response to the following issue statement, “Should companies
be allowed to use fresh water to help extract petroleum from the
ground?”
Consider what your team discovered during your research. Each
member of your team should present an answer to the question in
the form of a letter to the editor of your local newspaper. Limit your
response to a single page. Make sure you refer to your research.

Figure D1.8: Oil rigs use large quantities of water.

Evaluation
1. What were your initial impressions about the issue? How has your perspective changed after exploring the issue?
2. How did you make your decision? What are the likely short-term and long-term effects of your decision?

Extension
3. Use the following information to answer questions 3.a. and 3.b.
The use of fresh water by the petroleum industry is not limited to the process of oilfield injection in wells. Only about
19% of Alberta’s oil sands can be surface mined. A method known as in situ bitumen extraction uses large amounts
of water to generate steam, which is pumped into the earth to allow the bitumen to be moved up to the surface.
This process involves recycling the water, but some water still remains in the oil-sands formation. One estimate is
that there is a net loss of one barrel of water for every 50 barrels of petroleum recovered.
a. Suppose the amount of petroleum
extracted each day from the in situ bitumen
extraction method is about 500 000 barrels.
Approximately how much water would be
removed daily from the water cycle to process
this amount of petroleum? Note that one barrel
of petroleum has a volume of 159 L.
Steam rises and
heats bitumen.

Heated bitumen
flows to a well.

b. Use the Internet to determine the latest
findings on the environmental impact
of removing this water from the
ecosystems around Fort McMurray
and Cold Lake.
Figure D1.9: The in situ bitumen process is pictured.

1.1 Summary
Abiotic factors are the non-living components of an ecosystem that influence organisms in the ecosystem. Examples
of non-living components include the amount of sunlight and precipitation, the average temperature, and the amount of
nutrients found in soil. As you observed with seeds germinating in salt water, any changes to the abiotic factors of an
ecosystem may lead to significant changes in the habitat of particular organisms.
This also demonstrates how important it is to carefully consider the use of water. Water, the solvent of life, is perhaps
one of the most important abiotic factors because of the central role water plays in living systems.
Chapter 1: The Biosphere of Life
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1.1 Questions
Knowledge
1. Define each of the following.
a. abiotic factor

b. ecosystem

c. habitat

Applying Concepts
2. Identify three abiotic factors that have a major impact on agricultural crops. Describe the importance of these factors to
the crops’ growth. Describe actions taken by farmers to ensure that these abiotic factors required by crops are provided.
3. Identify two abiotic factors that also describe a region’s climate.
4. Describe how a harmful algal bloom affects the aquatic life found in a body of water.
5. Water is an important component of any ecosystem. The usage of water by individuals varies by location. The average
Canadian uses 326 L of water per day. A person living in sub-Saharan Africa uses only 10 L to 20 L of water per day.
How would your life change if your access to water was reduced by 25%?
a. Complete the “Daily Log of Water Consumption” to calculate the amount of water you use weekly. A copy of
this can be found as a handout on the Science 20 Textbook CD.
b. Calculate the total amount of water used.
c. Determine the amount of water available to you if you had to reduce the amount by 25%. Show your calculations.
DAILY LOG OF WATER CONSUMPTION
Activity

How Many Times Per Day
M

T

W

T

F

S

Amount of Water Used

S

Bathroom
flush toilet

20 L/flush

shower

100 L/shower

bath

150 L/bath

brush teeth

10 L/brushing

shave

20 L/shave

Kitchen
cook

20 L/meal

wash dishes by hand

35 L/load

use dishwasher

40 L/load

use garbage disposal

20 L/use

Utility Room
use washing machine

225 L/load

Outdoors
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wash car

400 L/car

water lawn

500 L/lawn

other

estimate

Total Daily

Total Weekly
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Actual

Total

Figure D1.10: Bison used to roam the prairies.

There was a time when from 30 to 60 million bison roamed the grasslands of North America. Until about 200 years ago, these
large and powerful animals were the most numerous grazing animals on the planet.
You may be surprised to know that in its natural state, one hectare of prairie grassland produces more biomass each year
than one hectare of the most technologically advanced wheat field. As an illustration, the number of kilograms of bison
supported by 100 km2 of prairie grassland was greater than the number of kilograms of grazing cattle that can be raised on
100 km2 of a modern ranch. If you find all this puzzling, you may be amazed that many biologists suspect the prairie dog
played a key role in the success of the bison on Alberta’s grasslands.
biomass: the dry mass
of all the living organisms
occupying a habitat

Figure D1.11: Black-tailed prairie dogs are suspected of playing a key part in the success of bison on Alberta’s grasslands.

Why were bison so perfectly matched to the prairie landscape? How could two animals as
different from one another as prairie dogs and bison be so interconnected? The answers have to do
with the ecology of the prairie ecosystem. Since an ecosystem includes not only all the organisms
but also all the abiotic factors from an area, it makes sense to start with the origins of the bison
within the changing prairie environment.

ecology: the study of
the interactions of living
organisms with one
another and with their
physical environment

Chapter 1: The Biosphere of Life
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1.2 Biotic Factors: The Influence of Living Things
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ORIGINS OF THE BISON WITHIN THE CHANGING PRAIRIE ENVIRONMENT
Time

Event

55 to 170 million years ago

• The Rocky Mountains are formed by collisions between the North American Plate and arcs of
volcanic islands. Dinosaurs lived in central North America until about 65 million years ago.
• A barrier is created that blocks moist air from the Pacific Ocean from entering central regions of
North America. The great plains of North America become drier.

1.7 million years ago

• Several periods of glaciation begin. Parts of Alberta are covered in ice up to one kilometre thick.

10 000 years ago

• A sudden climate change causes the glaciers to retreat.
• A climate of drier and warmer summers followed by colder winters favours grassland vegetation.

8000 to 10 000 years ago

• The climate change and pressure from human hunters are believed to have contributed to the
extinction of several large mammals—mammoths, mastodons, and giant sloths. Caribou,
musk-oxen, and bison survive both the hunting pressure and the climate change.
• Vacancies in the food chain allow bison to thrive.
• Life for First Nations people living on the prairie grasslands begins to revolve around the
seasonal movements of bison herds. Bison provide food, bones for tools, and hides for clothing
and teepees.

6000 years ago

• Head-Smashed-In Buffalo Jump is first used by First Nations people to kill large numbers of bison.
The bison are chased over a cliff.

5000 years ago

• Bison become the dominant herbivore of the prairie landscape.
• First Nations people continue to develop and improve techniques for harvesting bison.

1850

• Approximately 40 million bison inhabit the central plains of North America.

1900

• Fewer than 1000 bison remain.

2000

• The bison population is about 200 000.

Practice
9. About 65 million years ago, the geological processes responsible for building the Rocky Mountains were still
underway. Identify the type of animals that dominated the central plains of North America up to this time.
10. Describe the circumstances that allowed the bison to become the dominant herbivore of the prairie landscape.
11. Use the Internet as a research tool to find out why the Head-Smashed-In Buffalo Jump was designated by
the United Nations Educational Scientific and Cultural Organization (UNESCO) as a World Heritage Site.
Other World Heritage Sites include the Egyptian pyramids, Stonehenge, and the Galapagos Islands.
Use the following information to answer questions 12 to 14.
Archaeological evidence of the First Nations people who inhabited Alberta for more than 500 generations can be
found at thousands of sites across Alberta. Some of the most intriguing types of artifacts are the rings of stone
known as medicine wheels.

Figure D1.12: People have varying ideas about the actual purposes of medicine wheels.
An actual medicine wheel is pictured on the left, while an artist’s representation is on the right.
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12. The First Nations people who lived on the prairie grasslands moved from camp to camp. They followed the herds of
bison on which they depended so heavily. How does this lifestyle explain why so little archaeological evidence
is left?
13. Given your answer to question 12, explain why sites such as medicine wheels have to be treated with such care and
respect.
14. Relate some possible reasons why knowing the exact passing of the longest day of the year would be so important
to First Nations people.

Life at the Surface of the Prairie and Below

population: a group of organisms, all of
the same species, which interbreed and
live in the same area at the same time

Figure D1.13: Natural prairie grassland is not so common anymore in
western Canada.

Figure D1.14: The roots of some prairie grasses can extend 3 m to 4 m deep
into the soil, binding the soil tightly to the earth and protecting it from erosion.
The roots found in a square metre of prairie soil just 10 cm deep would stretch
for over 30 km if they were connected from end to end.

The bison population clearly played a central role in the
lives of people who inhabited Alberta’s prairie landscapes.
In turn, bison were supported by the very grasses that
comprised the landscape. Prairie grassland usually contains
more than 100 plant species and many animal species.

Most of these plants are perennials with extensive root
systems that extend far below the surface. The soil that
supports these plants is regarded to be among the deepest,
most productive, and most fertile soil on the entire planet.
You may be surprised to learn that the tiny organisms living
in the soil beneath the grassland’s surface have a larger total
biomass than the larger animals that live above ground.

Chapter 1: The Biosphere of Life
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A medicine wheel consists of a central cairn of rocks surrounded by one or two concentric rings of stones ranging
from 10 m to 30 m in diameter. Radiating out from the central cairn are lines of stones from 3 m to 120 m long. The
radiocarbon dating of bone fragments and studies of other artifacts, such as spear tips, found at these sites have led
archaeologists to conclude that some of the medicine wheels are more than 4000 years old. This makes them about
the same age as the Great Pyramids of Egypt. What archaeologists do not know is the purpose of these medicine
wheels. The central cairn of rocks in some medicine wheels appears to be a burial lodge. Other medicine wheels may
have been used for ceremonial functions—this includes the Sundance ceremony of the Blackfoot or Siksikaitsitapi.
One intriguing hypothesis is that some of the medicine wheels may have been used for astronomical purposes. In
some of the medicine wheels, the rock arrangement allows for a precise alignment of the Sun rays at sunrise on the
summer solstice—the year’s longest day. There are similarities between medicine wheels and other ancient structures
that were thought to act as calendars—such as Stonehenge in England.
Although medicine wheels may have been used for a number of different purposes, these sites are all considered
to be sacred places. The medicine wheels that have been built in recent times share this legacy. First Nations elders
have explained that they commemorate the lives of brave warriors or great hunters.
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Practice
15. Identify some of the abiotic factors—in the form of
nutrients—provided to prairie grasses by the
micro-organisms that live in the soil.
16. Concisely explain why the huge herds of bison that
once roamed the prairie ecosystem could not have
existed without the micro-organisms that lived in
the soil.
10 mm

Prairie Dogs

Figure D1.15: This is an artist’s drawing of the head of a nematode.

Tiny worms called nematodes—most are less than 4 mm
long—come in a number of varieties. Some eat the roots
of plants, others feed on fungi, while the species shown in
Figure D1.15 feeds on bacteria. It is possible to find five
million nematodes per square metre of prairie soil. What
these organisms lack in size, they make up for in numbers.
They collectively consume more biomass than the huge herds
of bison that once grazed over them.

Figure D1.17: Prairie dogs make barking sounds.

Figure D1.16: Growths on the roots of this plant contain bacteria that make
nitrogen available to the plant. The plant, in turn, provides a site for the
bacteria to live, as well as nutrients for the bacteria through its roots.

Even more numerous are the bacteria, fungi, and other
microscopic life forms that convert key nutrients, such as
nitrogen and phosphorus, into forms that can be used by the
grasses. These organisms do this by decomposing organic
matter, such as dead leaves and animal droppings, in the soil.
Without these micro-organisms, there would be insufficient
nutrients to support the grasses and, therefore, there would be
an absence of the food source for bison, cattle, and indirectly
for people.
The prairie grasses and all
biological community:
the organisms that live and grow
interacting populations
living in a certain area
in the soil with them form a
at a certain time
biological community. The word
community is appropriate because it implies both a physical
closeness and interconnections between the populations. If
an analogy were made to human communities, an organism’s
habitat would be its address in the community.
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Prairie dogs were named for the puppy-like yip they bark
out when they are approached. This is why some of the
early European settlers called them sod poodles. These
social animals live in a system of burrows called towns. The
burrows usually have one main entrance mound and at least
one exit hole to allow for air circulation and a fast escape
from a predator. Prairie dogs prefer to live in places that
are free of shrubs and other obstructions so they can have a
long, unobstructed view of their surroundings and can see
predators coming. This is why prairie dogs eat any vegetation
that grows too high.
All the tunneling it takes to create a prairie-dog town
has a profound effect on other species. Burrowing alters the
soil chemistry by aerating the soil and by mixing in plant
and animal wastes. This churning of the soil has the effect
of increasing the nutrient value of the soil to enhance plant
diversity and productivity. The spinoff of all this activity is
that prairie-dog towns are recognized by more than 150 other
species of animals and insects as being the grocery store of
the prairies—an excellent source of food variety. These other
species may live in the burrows, eat prairie dogs, feed on
nutritious plants that live in this area, or feed on insects that
can be more easily found in the short vegetation. There are
more than twice as many birds found near prairie-dog towns
as there are in areas with no prairie dogs.

symbiosis: a long-lasting, ecological
relationship that benefits at least one
organism of two different species
that live in close contact
mutualism: a symbiotic relationship
in which the organisms of both
species benefit

Other Forms of Symbiosis
Cowbirds follow herds of
bison to feed on the insects
stirred up and flushed out of
the grass from the bisons’
hooves. Although the bison
are largely unaffected by
the feeding cowbirds, the
cowbirds do benefit from
an association with the
bison because their feeding
is enhanced. This form of
relationship is referred to as
Figure D1.19: Cowbirds feed on
commensalism.
insects stirred up by bison and
The important thing to
livestock.
keep in mind here is that it
is the relationship between the two species rather than the
identity of the particular species, that determines what type
of symbiosis is occurring. Cowbirds have a relationship of
commensalism with the bison, but their relationship with other
birds, such as the yellow warbler, is classified as parasitism.
commensalism: a form of symbiosis in which one organism
benefits, and the other organism is neither helped nor harmed
parasitism: a symbiotic relationship in which one organism,
called the parasite, derives benefit at the expense of another
organism, called the host

When two species live close together in a relationship
in which both species benefit, it is called mutualism.
The nitrogen-fixing bacteria that live on the roots of some
prairie plants are an example of mutualism because the plant
benefits from the nitrogen provided by the bacteria, while
the bacteria utilize some nutrients in the plant roots. As for
the prairie dog and bison, both species benefit from the
relationship; but some biologists might argue that this is not
the best example of mutualism. This is because an individual
prairie dog does not have a long-term association with an
individual bison.

Practice
17. Explain why prairie-dog towns have been called the
grocery stores of the prairies.
18. Provide at least three examples of mutualism
between human beings and other organisms. In
each case, describe how each organism benefits.

Figure D1.20: Yellow warblers can unknowingly hatch the eggs of cowbirds.

Since cowbirds follow wandering herds of bison in search
of insects, they don’t have time to build their own nests or
tend to their young. So the female cowbird deposits one of
her eggs into another bird’s nest, such as a yellow warbler.
The yellow warbler then unknowingly incubates the cowbird
egg along with her own. The parasitic cowbird chick usually
hatches first and then grows quickly because it gobbles up
most of the food brought to the nest by its foster parents. This
results in the chicks of the host birds either starving or being
pushed out of the nest by the larger cowbird chick.
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Historically, bison were known to graze on prairie-dog
towns—they preferred to eat
the rich vegetation that grew
there. As the herds of bison
passed through, they would
compact the soil and keep
vegetation short by eating
the tips of the grasses. This
created an ideal habitat
for the prairie dog because
they need compacted soil
to make effective burrows,
and they prefer to live where
vegetation is kept short. If
Figure D1.18: Prairie dogs are social
the population of prairie dogs animals.
got too large, young adults would follow the trail of cleared
vegetation left by the bison to create a new colony.
There is a relationship between bison and prairie dogs
that biologists call symbiosis. Clearly, relationships formed
between organisms are important biotic factors in an
environment. Symbiosis means “living together.”
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Practice
Use the following information to answer questions 19 and 20.
The purple coneflower is a prairie wildflower known for its long-lasting blossoms and resistance to drought. As butterflies
visit this plant in search of sweet nectar, they help transfer pollen from one plant to the other. This aids the production of seeds.

Figure D1.21: Purple coneflowers, goldfinches, and monarch butterflies are all connected.

The seeds are a favourite of the goldfinch and are a good source of food energy. Parts of the purple coneflower are
valued by humans as well. First Nations people, who lived on the prairie grassland and followed the herds of bison, used
the roots and leaves of this plant for medicinal purposes. Today, you can buy the herbs made from this plant under the
Latin name for the purple coneflower—Echinacea purpurea.
19. Consider each of the following descriptions of symbiotic relationships between organisms. In each case, determine
whether the relationship is mutualism, commensalism, or parasitism.
a. A purple coneflower attracts monarch butterflies through its sweet nectar. By transferring pollen, the butterflies
aid the coneflower in seed production.
b. Several nematodes have attached themselves to the roots of the purple coneflower plant. The nematodes feed
by sucking nutrients from the roots. This has the effect of stressing the plant, causing it to produce fewer seeds.
c. Joseph carefully removes the dead leaves from the bottom of a purple coneflower plant in his garden to keep it
healthy. He then carefully dries the leaves and takes a course to learn how to prepare the herbal medicine called
Echinacea purpurea.
20. Monarch butterflies protect themselves from birds through chemicals in their bodies that the birds find distasteful.
By experimenting, birds learn to avoid monarchs and their distinctive colouration. The viceroy butterfly mimics the
colouration of the monarch even though it does not contain the foul-tasting chemicals of the monarch. Determine
the symbiotic relationship between monarch butterflies and viceroy butterflies.
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Predator-Prey Interactions
Up to this point, the discussion of the interactions between organisms has involved species that are in close
association. Remember that symbiosis means living together, which implies that the interaction is long lasting.
Red-tailed hawks and prairie dogs do not live together and the interaction between them is not long lasting:
a red-tailed hawk dives on a prairie dog with its talons extended to pierce the prairie dog’s vital organs. This
causes almost immediate death. This kind of an interaction is called predation. It is fairly clear how this kind
of interaction benefits the predator, whereas it is difficult to see any benefit to the prey. However, if you think
beyond the individual, there are benefits to the population of the prey species. Since individuals killed by hawks
are often old, sick, and generally less-fit members of the population, this means that healthier, faster, and fitter
individuals will survive and produce
offspring with similar attributes. Another
example of a predator-prey relationship involves
lynx and hare populations. In the next investigation
you will analyze data for lynx and hare populations over
a period of 90 years.

predation: an
interaction where
one organism,
the predator, kills
and eats another
organism, called
the prey

Investigation
Predator-Prey Population Dynamics
Purpose
You will identify and analyze
data trends for the population of
lynx relative to the population of
snowshoe hares.

Science Skills
� Analyzing and Interpreting

Background
North of the prairie grasslands is a region of spruce forests and wetlands that biologists
refer to as boreal forest. On a map of Alberta, this region stretches north from Edmonton
and covers almost half of the province.

Figure D1.22: The
population of prairie
dogs is held in check
by the predation of
red-tailed hawks.

Figure D1.23: Boreal forests make up a large part of Alberta.

Major rivers, like the Athabasca, drain north through this region on their way to the
Arctic Ocean. This region gets more precipitation than regions further south, so the
landscape is heavily forested and is covered by bogs and muskeg.
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Both the snowshoe hare and the lynx have found the boreal forest to be a favourable habitat. The lynx preys almost
exclusively on the snowshoe hare. A valuable source of information regarding the population of these animals can be
obtained from the fur-trading records of the Hudson’s Bay Company. The number of pelts brought to the trading posts
by First Nations and Métis trappers is an indicator of the rise and fall for the populations of both snowshoe hares and
lynx. Fur trapping in many northern communities continues to be an important economic and cultural activity.
Figure D1.25: Fur traders brought in many pelts to trading posts.

Number of Pelts Annually Received by the Hudson’s Bay Company
150

Number (thousands)
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Figure D1.24: The lynx preys almost exclusively on the snowshoe hare.
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In this investigation you will assume that the number of pelts is proportional to the number of individuals in each
population. In other words, if the number of pelts doubles over a period of time, the number of individuals in the total
population also doubles.
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1. Consider the data for the snowshoe hare.
a. Identify the years in which the hare population
peaked.
b. Describe the overall trend displayed by your
answer to 1.a.
2. Consider the lynx data.
a. Identify the years where this population peaked.
b. Describe the overall trend displayed by your
answer to 2.a.
3. Compare the lynx data to the snowshoe hare data.
a. At any given time, how does the number of
snowshoe hares compare to the number of lynx?
Concisely explain your answer.
b. In question 1.b., you identified a cycle within
the population of snowshoe hares. Concisely
explain why a parallel cycle is found in the lynx
population.
4. If a virus caused the entire snowshoe-hare
population to disappear, predict what the likely effect
on the lynx population would be.
5. Identify factors other than predator-prey interaction
that may affect the size of the snowshoe hare or
lynx populations.

Although the lynx is the snowshoe
competition: an
hare’s primary predator, it is not the
interaction in which
two or more organisms
only one. The great horned owl is a
compete for the same
nocturnal hunter that preys heavily
limited resource
on the snowshoe hare. Since the
number of snowshoe hares is limited, interaction between the
lynx and the great horned owl is called competition.
Unlike a predator-prey interaction in which one organism
clearly benefits, biologists classify competition as an
interaction that harms both organisms because they each
have to expend energy in a struggle to obtain the limited
resource. In the case of the lynx and the great horned owl,
if the population of snowshoe hares declines, both of these
hunters will have to use more of their energy reserves to find
their prey.
Examples of competition can also be found in the prairie
grassland ecosystem. Grasses and wildflowers—such as
the purple coneflower—compete for light, water, and soil
nutrients. Since neither species benefits, this is not classified
as a type of symbiosis, even though the plants live in close
proximity over a long time frame.

Extension
6. Researchers have suggested that predator-prey
relationships may be an effective way to manage
wildlife in national and provincial parks. Identify
reasons that support this statement.

Figure D1.26: The great horned owl is in competition with
the lynx for the snowshoe hare as a food source.
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1.2 Summary
As you have seen from an in-depth look at a prairie grassland ecosystem, the organisms’ presence, interactions, and wastes all
have an impact. Collectively, all these influences that stem from the presence of living things are called biotic factors. Some
of the interactions that exist between different species within an environment are known as symbiotic relationships. These
are long-lasting, ecological relationships between two different species living in close contact. At least one of the organisms
benefits from the interaction in the three categories of symbiotic relationships—mutualism, commensalism, and parasitism.
Besides symbiosis, another kind of relationship between organisms is called predation. Predation involves the death of one
of the organisms—the prey—to provide nutrients for the other organism—the predator. Competition is the relationship that
occurs when organisms living in an ecosystem compete for limited resources and nutrients.

1.2 Questions
Knowledge
1. Define each of the following words or phrases, and provide an example.
a.
b.
c.
d.
e.
f.
g.

biological community
population
mutualism
commensalism
parasitism
competition
predation

2. What is the difference between predation and parasitism?
3. Explain the importance of sunlight as an abiotic factor in terrestrial ecosystems.
Applying Concepts
Use the following information to help you answer questions 4 to 6.
Each question contains a description of an interaction or association between two species.
For each description, complete the following steps:
• Identify the type of relationship between the two species.
• Explain the relationship by determining any benefit or harm to each species.
4. The sea anemone is a marine organism that looks like a flower. In reality, it has dozens of stinging tentacles that it uses
to sting its food and drag this food to its mouth. The clown fish is immune to the stinging because of a special mucous
coating its body. The clown fish lives within the jungle of stinging tentacles, which provides it with shelter from predators.
The clown fish also eats the parasites that feed on the
tentacles of the sea anemone.
5. You may have noticed that grass has a difficult time
growing both under and around the base of spruce trees.
Both the grass and the spruce trees need water and other
essential nutrients to stay healthy. In the end, both species
can show signs of stress from attempting to live too
closely together.
6. Many people suffer from athlete’s foot, which is a skin
infection caused by a fungus. The fungus absorbs nutrients
from the person’s skin. This infection causes the feet to
feel hot and itchy as the skin becomes irritated and often
starts to peel.
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Figure D1.27: An ecosystem is an ecological system.

Earlier in Chapter 1 you were introduced to some organisms found in the prairie grassland environment, to the interactions
between them, and to their connections to the physical environment. This is called an ecosystem because it is an ecological
system: key parts are organized in specific ways so the whole system can function in a sustaining way. In Lesson 1.3 you will
have opportunities to discover how the organization of this system transfers energy to each individual organism.

Roles of Organisms

Figure D1.28: A grasshopper is a herbivore.

What is the initial source of energy for organisms in the
prairie grassland ecosystem? It all starts with energy from
the Sun being captured by grasses and wildflowers through
the process of photosynthesis. The green plants, algae, and
tiny aquatic organisms, called phytoplankton, that convert
light energy and store it in the chemical bonds of organic
molecules are called producers. These photosynthetic
organisms produce the organic compounds of food from
inorganic nutrients found in soil, air, and water.
The other organisms that rely either directly or indirectly
upon producers as a source of food are called consumers.
Consumers that eat plants or algae are called primary
consumers or herbivores.

producer: an organism that uses light energy to synthesize sugars and other organic compounds through the process of photosynthesis
consumer: an organism that uses other organisms as a source of energy
primary consumer or herbivore: an organism that eats green plants, algae, or phytoplanktons
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In the prairie grassland ecosystem, grasshoppers would be herbivores because they eat the leaves of grasses and other
plants. Since grasshoppers are sometimes eaten by yellow warblers and other birds, the yellow warblers are called
secondary consumers. The process doesn’t stop with the yellow warblers, because they could be eaten by peregrine falcons,
which are called tertiary consumers. Since both the yellow warblers and peregrine falcons are killing and eating other
animals, they can also be called carnivores.
Of course, not all animals fit nicely into these categories because some animals are opportunists and seem to eat a wide
variety of foods. Sparrows will eat both seeds and insects. Skunks prefer to eat insects, but they will also eat bird eggs,
berries, and mice. Since they are not strictly herbivores or carnivores, they are called omnivores. Skunks have also been
known to eat the meat of animals that have died from accidents, illnesses, or predation by some other animals. In these cases,
the skunk is acting as a scavenger.
Notice that the word scavenger is usually reserved for larger organisms that feed on meat. Decomposers
are the smaller organisms that complete the decay process by returning all organic material to inorganic
material. Decomposers play a critical role in the ecosystem
because they act on all dead plant and animal
secondary consumer:
matter to provide the essential inorganic
an organism that eats
compounds required by the producers
herbivores
that support the entire system.
tertiary consumer:
an organism that eats
secondary consumers

carnivore: an organism that
kills and eats other animals
omnivore: an organism that
eats both plants and animals
scavenger: a bird or animal
that feeds on dead and
decaying animals that it did
not kill itself
decomposer: an organism
that breaks down complex,
organic molecules into
simpler molecules
Figure D1.29: Skunks are omnivores that often act as scavengers.

Practice
21. This table summarizes roles of organisms within the prairie grassland ecosystem. Complete the table by adding
missing information. You may copy the table into your notebook or set one up with computer software.

ROLES OF ORGANISMS WITHIN THE PRAIRIE GRASSLAND ECOSYSTEM
Category

Description of Role

producer

• uses photosynthesis to convert light energy
into chemical energy

herbivore

primary consumer
• cowbird
• swift fox

carnivore
consumer

• obtains energy from other carnivores
primary, secondary,
and tertiary consumer
scavenger
decomposer
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• obtains energy from both plants and animals

D
ID

U

Two of Alberta’s endangered species
are the burrowing owl and the swift fox. The
burrowing owl nests in the abandoned burrows
of other animals, especially prairie dogs.
Burrowing owls prey mostly on insects, but they
will also eat small birds and rodents. The swift
fox is the smallest North American wild dog—
about the size of a cat. The swift fox depends
on the prairie dog as its main food source. Its
preferred habitat is the abandoned dens of prairie
dogs located near hilltops.

Energy Flow in an Ecosystem
The primary source of energy for a prairie grassland ecosystem is light energy from the Sun. This is
trophic level: the
the case for almost every ecosystem on Earth. This energy is stored in the chemical bonds of large
division of species
within an ecosystem
organic molecules, such as sugars, starches, fats, and proteins. This energy becomes available to
based upon its
herbivores when they feed on the plants. Each step in the energy pathway through an ecosystem is
energy source
called a trophic level. This is illustrated in “Energy Pyramid.”
Trophic comes from the Greek word Trophikos, which means to nourish. Each trophic level describes the food sources
for all the organisms on that feeding level. The third trophic level is comprised of carnivores that eat herbivores. The
fourth trophic level is made up of carnivores that eat other carnivores. Note that omnivores and scavengers can be placed at
the second, third, or fourth trophic levels depending upon what they happen to be eating at the time.
Energy Pyramid
Approximate Percentage of Original
Solar Energy Available at Each Level

Trophic Levels

peregrine falcon
4th: Tertiary Consumers
3rd: Secondary Consumers

0.001%
yellow warb

ler

0.01%
2nd: Primary Consumers

grasshop

per

0.1%

1st: Producers

purple co

neflower

1%

grasses

100%
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Energy Flow Through Trophic Levels
The pyramid shape is used in the “Energy Pyramid” diagram due to the energy available at each level. The producers are
only able to store about 1% of the total energy available in sunlight. As you have learned from previous science courses,
some of the solar energy is reflected back into space, whereas some evaporates water in the hydrological cycle. The plant
itself must use some of the energy available for the producers’ life processes. After all, if a green plant can be thought of as a
photosynthesis machine or a sugar factory, it takes some energy to run the factory.
The same thinking applies to the grasshopper and other primary consumers. Of the 1% of sunlight energy made available
to plants, herbivores can only store about one-tenth of that, or about 0.1% of the solar energy. This is because these organisms
need to use energy to chew food, move around, reproduce, and complete other life functions. Energy used by the organism
for life functions eventually leaves the ecosystem in the form of heat. This trend continues through each of the higher trophic
levels, with only about 10% of the energy passed on to the next level. The important thing to remember is that energy is not
recycled—it enters the ecosystem in solar-energy form and is ultimately passed from organisms back into the environment
as heat.

Practice
22. The information shown in the “Energy Pyramid” highlighted only some of the organisms that you have been
introduced to from the prairie grassland ecosystem. Other organisms would include additional forms of vegetation,
black-tailed prairie dogs, bison, cowbirds, burrowing owls, swift foxes, sparrows, red-tailed hawks, skunks, and
magpies. Determine the trophic level that best describes the nutrition source for each of these organisms. If some
organisms are difficult to classify, concisely explain why.
23. Explain the following statement:
Even organisms at the top of the energy pyramid will eventually have the energy that’s stored in their bodies
radiated into space as heat.

The Biomass Pyramid and the Pyramid of Numbers
Biomass Pyramid
Trophic Levels

Dry Mass at Each Level
peregrine falcon

4th: Tertiary Consumers
3rd: Secondary Consumers

2nd: Primary Consumers

1st: Producers

yellow warb

ler

grasshop

per

1 kg of
tertiary
consumers
15 kg of
secondary
consumers

200 kg
of primary
consumers

purple co

neflower

3000 kg
of producers

grasses
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Pyramid of Numbers
Trophic Levels

Number of Individuals
peregrine falcon

4th: Tertiary Consumers
3rd: Secondary Consumers

2nd: Primary Consumers

2 falcons
yellow warb

ler

500 birds +
spiders + ....

grasshop

per

100 000 grasshoppers +
ground squirrels + ....

1st: Producers

purple co

neflower

1 million grasses + wildflowers +
low shrubs + ....
grasses

The pyramid of numbers is another way to describe trophic levels. However, this approach has to be used cautiously
because the size of individual organisms matters—one falcon has a dry mass of about 500 g, whereas a grasshopper has a
dry mass of about 1.5 g. The ratio of 100 000 grasshoppers to 2 falcons has to be considered with this in mind. However,
what is worth noting is that in this ecosystem, it takes more than a million producers to support the two top predators. From
this point of view, you can see how fragile the situation is for the falcon—the number of these birds is very small, and these
few birds must cover the large geographic area needed for the producers to support them as tertiary consumers at the top of
the pyramid.

Practice
24. Explain why the trends shown on the “Pyramid of
Numbers” can be misleading if they are interpreted
without also considering mass.
25. Use the following information about DDT to answer
questions a. to d.

Figure D1.30: DDT effectively kills mosquitoes.
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Although the “Energy Pyramid” is a very useful model for understanding the flow of energy through an ecosystem, the total
energy stored at each level is actually difficult to measure. As an alternative, biologists approximate the energy at each level
by using a biomass pyramid. This means obtaining the dry mass of all organisms for each trophic level. It is important for the
organisms to be dry because water contains no usable energy. In most ecosystems, the same pyramid shape is revealed, with
only a fraction of the mass passed on to the next level.
An even simpler approach is to record the number of individual organisms at each trophic level. The result in this case is
a graphic called the “Pyramid of Numbers.”
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One pesticide used extensively in the 1950s was DDT. This chemical was found
to be very effective at killing mosquitoes that spread diseases like malaria. Once
it was sprayed, DDT could remain active for a long time—it effectively killed
the insects in an area. However, a significant disadvantage of using DDT was
discovered.
DDT does not readily break down into less-harmful chemicals. Some
organisms receive a quantity of DDT in their food that is too small to kill
them. The chemistry of DDT means that organisms are unable to eliminate
these chemicals from their bodies, so over time the DDT can accumulate.
The DDT tends to concentrate in fatty tissues. The longer the organism eats
food contaminated with DDT, the higher the concentration of DDT within the
organism’s fatty tissues.
a. Use the “Pyramid of Numbers” to explain why the concentration of
pesticides like DDT in fat cells of birds that feed on insects can be
hundreds of times greater than the concentration found in the actual
insects.
b. A falcon may feed for years on insect-eating birds. This can result in a
concentration of DDT that is hundreds of times greater in the fat cells
of the falcon than it is in the birds it preys upon. Use the “Pyramid of
Numbers” to explain this trend.

Figure D1.31: DDT can affect a falcon’s
ability to reproduce.

c. Given your answers to questions 25.a. and 25.b., explain why the concentration of DDT can become hundreds of
thousands of times greater in the fat cells of falcons than it can in insects.
d. The accumulation of DDT in a falcon’s body may not kill the bird but may affect the falcon’s ability to reproduce.
The eggs laid by falcons with concentrations of DDT in their bodies often have thin, easily-broken shells. Explain
why it is important for modern pesticides to break down into harmless products a few hours or days after they
are applied. Such pesticides are called non-persistent pesticides.
26. Infer reasons why predators at the top of the pyramid are so susceptible to extinction.

Food Chains and Food Webs
Ecological pyramids are useful organizers,
but they do not provide detailed information
about interactions between the populations
of an ecological community. If you need this
kind of information, a good place to start is
a food chain. Food chains always begin with
the producers and show how energy is passed
along by one organism feeding on another.
Food chains can be constructed for aquatic
ecosystems as well. As was the case for the
terrestrial food chain, this also starts with
the producers.
The strength of using a food chain to
represent energy transfer is that it shows details
of the feeding between trophic levels. This
idea can be enhanced by showing the many
food chains that comprise an entire ecosystem.
Since the various food chains overlap and
interconnect, this is called a food web.
food chain: the pathway along which food is
transferred from one trophic level to the next
food web: the interconnecting feeding
relationships within an ecosystem
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Freshwater Food Chain
algae

Producer

mosquito larvae

dragonfly larvae

northern pike
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You can see that the two food web diagrams that follow not only contain everything from the
previous food chains but also show the numerous interconnections.

Freshwater Food Web

algae

tadpole

mosquito
larvae
frog
waterflea
or Daphnia

snail

dragonfly
larvae
grebe

northern
pike
stickleback
perch
giant water bug

leech

all dead organisms
fungi

bacteria
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Prairie Grassland Food Web

yellow warbler

red-tailed hawk

goldfinch

swift fox

black-tailed
prairie dog

grasses

bacteria living
on roots
nematodes feeding
on bacteria
all dead organisms
fungi
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flies
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all dead organisms
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bacteria
Chapter 1: The Biosphere of Life

431

Science 20 © 2006 Alberta Education (www.education.gov.ab.ca). Third-party copyright credits are listed on the attached copyright credit page.

1.3 Questions

Practice
27. Suggest an explanation for the term food web.
28. Examine the “Freshwater Food Web.”
a.
b.
c.
d.

Identify the producers in this food web.
Identify the primary consumers or the herbivores.
Identify the secondary consumers.
Identify the tertiary consumers.

29. Examine the “Prairie Grassland Food Web.”
a. How does this food web communicate that
producers occupy the first trophic level and
generate the basic food that supports all
other levels?
b. How does this food web communicate that
herbivores occupy the second trophic level?
c. Relate which organisms have the greatest
number of links between themselves and the
producers.
30. Summarize your answer to question 28 by creating
an energy pyramid for the freshwater ecosystem.
Include a list of all the organisms that feed at each
trophic level within your pyramid.

1.3 Summary
Producers, such as plants, make nutrients that can be used
by other living organisms. Food chains are simple models
that show how energy and matter move from producers
to consumers and, eventually, to decomposers. Food webs
represent many interconnected food chains and illustrate
pathways in which energy and matter are exchanged in an
ecosystem. Matter is recycled through the trophic levels.
Energy flows through the trophic levels in a single direction.
Energy transfer in an ecosystem is inefficient. A great deal
of energy is transferred to the environment as heat while
moving through the different trophic levels. Ecological
pyramids allow quantitative data to be expressed in a visual
manner. The three types of ecological pyramids are energy,
numbers, and biomass.

Knowledge
1. Define the following terms.
a.
b.
c.
d.
e.
f.

primary consumer
secondary consumer
tertiary consumer
decomposer
food chain
food web

g.
h.
i.
j.
k.
l.

trophic level
ecological pyramid
biomass
pyramid of numbers
pyramid of energy
pyramid of biomass

2. In general, what percentage of energy is passed on
between one trophic level and the next trophic level in the
energy pyramid?
3. Concisely explain the meaning of arrows in a food chain.
4. Distinguish between producers and consumers.
Applying Concepts
5. Which group of organisms is always found at the starting
point of a food web?
6. Record the following diagram in your notes. Use it to
summarize the various relationships in a food chain.
Each box represents a trophic level. Write the name for
each trophic level in the proper box. Use these choices:
Producer, Primary Consumer, Secondary Consumer, and
Tertiary Consumer. Additional names can be attached to
the different trophic levels. Identify which boxes match
the names herbivore and carnivore.

a. Explain what is represented by the arrows that connect
the trophic levels.
b. Describe the significance of the decreasing width for
each pyramid box in terms of available matter and
energy at each level.
c. Predict where decomposers would be found in
the diagram.
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Figure D1.32: A field study could possibly take place at the shore of a lake such as this one.

Now that you have a sense of the roles different organisms play and how these roles interact in trophic levels and food webs,
it’s time to investigate these interactions in a local aquatic ecosystem.
Any successful field study requires careful planning. You will be working in teams to complete this investigation titled
“A Field Study of a Local Ecosystem.” With the help of your teacher or supervisor, the first thing you must do is locate a local
pond, lake, or slow-moving stream where you can safely conduct your field study.
After choosing a location, you will need to read through the entire investigation to become familiar with the abiotic and
biotic factors that you will be studying and identifying. A useful strategy is to utilize the expertise of a local expert, such as a
teacher, a fish and wildlife officer, or a local naturalist, as you prepare for this investigation.
Note: You won’t have to take the textbook with you as you go on the field study because this entire lesson is available
as a handout on the Science 20 Textbook CD.

• It is critical to choose a safe location—there must not be deep or
fast-flowing water. The type of organisms you will identify are best
found in shallow waters along the shore of a small pond or lake. It is
also important that you do not work alone—it is dangerous to work
by yourself in a remote location close to water. You will also find the
investigation more rewarding if you have partners to help interpret
the identification guides and to share in the whole experience.
• Be sure to wash your hands with soap and water, or clean them with
antiseptic wipes, before eating or drinking any snacks you might have
brought with you on the field trip. This is particularly important after
completing a study of the aquatic portion of your ecosystem.
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1.4 Conducting a Field Study
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Investigation
A Field Study of a Local Ecosystem
Purpose
You will conduct a field study that allows you to collect
quantitative and qualitative data for the biotic and abiotic
factors in an ecosystem. This data will allow you to
describe the ecosystem’s general structure. By learning
about the make-up of an ecosystem, you will have a better
understanding of the many factors that influence the
survival of organisms within it.

Pond

Part A: Preparation of the Site
Materials
•
•
•
•
•
•

hammer
map of the area to be studied
2 stakes for the base line
2 stakes for each transect
40-m length of rope for the base line
20-m length of rope for each transect

Pond

Transects
step 4: Each transect should be 20-m long, beginning at
the pond and extending away from the pond. Use
the two stakes for each transect to secure the
end points. An easy way to set out a transect is
to stretch a 20-m length of rope from the water’s
edge to the base line and, then, continuing into
the terrestrial part of the ecosystem. The rope
represents the transect along which you will be
taking measurements.

Part B: Collecting Data from the Terrestrial Section
of the Transect
Materials
Base line
step 1: Establish a base line using the 40-m length of rope
with two stakes to mark the endpoints. The base
line should run parallel to a boundary, such as a
shore line.
step 2: Mark these two end points on the map of your
area. If you do not have a map, you may need to
create a reasonably accurate sketch.
step 3: Your class will gather information along a series
of transects. Evenly space the transects along
the 40-m length of rope that formed the base
line. There should be one transect for each group
completing the field study.
transect: a straight line perpendicular
to the base line along which
ecological measurements are taken

•
•
•
•
•
•
•
•
•

field journal (notebook)
• pencils
soil thermometer
• bucket
anemometer
• compass
transect stakes
• pH paper
distilled water bottle
• glass vial
water thermometer
• tweezers
magnifying glass
appropriate clothing (e.g., rain gear, rubber boots)
Guide to the Common Native Trees and Shrubs of Alberta

Procedure and Data Collection
1. Carefully examine the terrestrial portion of the transect
that you and your partners have been assigned. Walk
along the line that represents your transect. As you walk,
describe the area you have been assigned in terms of
elevation, type of terrain, and exposure to sunlight.

Science Skills
� Performing and Recording
� Analyzing and Interpreting
� Communication and Teamwork
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2. Randomly select two locations somewhere along the terrestrial portion of your transect. Measure and record the
positions of these two locations in your field journal. Use your materials to complete the following data table.

ABIOTIC FACTORS
Measurement

Location 1

Location 2

Average

amount of cloud cover (%)
air temperature 1 cm above ground
soil temperature 10 cm below surface
exposure (direct sunlight or shade)
soil pH
soil characteristics (clay versus sandy, presence of organic matter)
wind speed (use anemometer)

Biotic Factors
overhead layer
Plant Growth Layers
canopy layer

understory layer
floor
layer

Figure D1.33: A canal built by beavers connecting
two ponds is evidence of animals in the area.

3. Walk along the rope marking your transect, and note the plants that appear within one metre on either side of the
transect. Identify two plants from each of the layers described in the “Abiotic Factors” diagram. For each plant
identified, record its name, the abundance, and the layer in the following table. Add as many rows as necessary.

TERRESTRIAL PLANTS
Plant
(Use the Guide to the Common Native Trees and
Shrubs of Alberta to assist with identification.)

Abundance of This Plant Along
Your Transect

Layer Reached by This Plant

(as a percentage of the total plants)

(Refer to the “Biotic Factors” diagram.)

4. Are the plants in your plot competing for sunlight? Identify other factors where the plants would compete.
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5. Take a small sample of the soil—about 20 mL—and carefully place it in a clean vial. This soil sample will be analyzed
back at your school when you return from the field trip. Be sure not to touch the sample with your fingers because you
will be assessing the types of fungi in the soil—fungi on your fingers would contaminate the sample.
6. Complete this table to describe the animal signs within one metre on either side of your transect.

EVIDENCE OF ANIMALS
Animal Signs

Description of Specific Animal Signs
(point-form summary or sketch)

droppings
feeding signs (animal remains, carcasses, etc.)
habitat signs (nests, burrows, etc.)
scratch marks on trees from claws or teeth
sounds
smells

7. Identify any animals you saw while making observations along your transect.

Part C: Collecting Data from the Aquatic End of the Transect
Materials
•
•
•
•
•
•
•
•

pencils
bucket
spoon
forceps
eyedropper
collection jars
wax pencil
enamel trays

•
•
•
•
•
•
•

field journal (notebook)
plastic vials
hand net
ruler
appropriate clothing (e.g., rain gear, rubber boots)
An Identification Guide to Alberta Aquatic Plants
Aquatic Invertebrates Identification Key to River Invertebrates

Procedure and Data Collection
8. Carefully examine the aquatic end of your transect. Describe this area in
terms of water flow (water moving or stagnant?), vegetation near the water’s
edge, the type of soil that forms the water/shore boundary, and other
features that generally describe the aquatic section of the transect.
9. Use your materials to complete this data table.

ABIOTIC FACTORS
Measurement

Value

air temperature 1 cm above water surface
water temperature 1 cm below water surface
water temperature 10 cm below surface
amount of cloud cover (%)
exposure (direct sunlight or shade)
soil pH
characteristics of bottom (clay versus sandy
versus gravel, presence of organic matter)
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Figure D1.34: Students observe and record
temperature data.

Name of
Organism

Figure D1.35: Canada waterweed (Elodea) is eaten by waterfowl. This plant
is an efficient oxygenator of water.

10. Complete the table that describes the aquatic plants
found in the aquatic end of your transect. Use
An Identification Guide to Alberta Aquatic Plants to
assist with identification. Add as many rows to this table
as necessary.

Point-Form Description
or Sketch

Once you have identified these organisms, return
them to the pond.

AQUATIC PLANTS
Name of Plant

Percentage of Plant Relative
to Total Number of Plants

Figure D1.36: This dragonfly nymph is a predator that feeds on other insects
living in the water.

11. Are the plants at the aquatic end of the transect
competing for sunlight? Identify other factors that plants
compete for.
12. Use a collection jar to take a small water sample from
the surface. Place a lid on the jar and carefully examine
the water sample for evidence of invertebrate and
microscopic organisms. Pour some of the jar’s contents
into an enamel tray, and use the magnifying glass to
identify as many organisms as possible. Use the Aquatic
Invertebrates Identification Key to River Invertebrates to
assist in identification. Record your findings in this table.
Add as many rows as necessary.

13. Use a collection jar to take a small sample of water
and sediment from near the pond’s bottom. A good
collecting technique is to place the jar upside down
in the water until it is positioned just above the
sediment’s surface. Slowly turn the jar. As air trapped
in the jar is slowly released, the top surface of the
sediment will be forced into the jar. Place a lid on
the jar, and carefully examine the water sample for
evidence of invertebrate and microscopic organisms.
Pour some of the jar’s contents into an enamel
tray. Use the magnifying glass to identify as many
organisms as possible. Use the Aquatic Invertebrates
Identification Key to River Invertebrates to assist in
identification. Record your findings in the table that
follows. Add as many rows as necessary.
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ORGANISMS FOUND NEAR
THE WATER’S SURFACE

Biotic Factors
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Organisms Found Near
Sediment Bottom
Name of Organism

Point-Form
Description or Sketch

Figure D1.37: Freshwater snails can be found in many Alberta lakes,
streams, and rivers.

Once you have identified these organisms, return them to the pond.
14. Identify any other animals (birds, mammals, amphibians) you observed in the aquatic end of your transect.

Part D: Cleaning the Site and Preparing to Leave
Local ponds are often used by many classes to complete a field study, so it is important to leave the area as clean and
undisturbed as possible. This means you should make sure the transect string is rolled up, the litter is collected, and you
have not left anything behind.

Part E: Back at the Classroom
This will be completed back at your school.

Analysis of Terrestrial Data
15. Summarize all the findings from your field study by creating an energy pyramid to describe the trophic levels for all
the organisms you discovered in the terrestrial section of your transect.
16. Summarize the findings from your field study by creating a food web for the organisms in the terrestrial section of
your transect. You may need to conduct some research to determine an organism’s energy source and trophic level.
17. Consider the many types of plants that you identified while studying the terrestrial part of your transect. You will
have noticed that some plants thrive in open spaces, while others prefer locations with denser vegetation. Describe
the differences in the vegetation observed in open spaces and areas with the types of plants observed in areas
with denser plant growth. List the differences in biotic and abiotic factors that you observed in these two spaces.
Comment on why it appears that some plants can grow in both open areas or in more densely populated spaces,
while other plants are only observed to grow in one area.

Analysis of Aquatic Data
18. Summarize your field study findings by creating an energy pyramid to describe the
trophic levels for all the organisms you discovered in your transect’s aquatic section.
19. Summarize the findings from your field study by creating a food web for organisms
in the aquatic section of your transect. You may need to conduct some research to
determine an organism’s energy source and trophic level.

Evaluation
20. Find another group of students in your class who collected data from a transect in
a location with abiotic factors that differed from your transect. For example, your
transect may have been in an area exposed to direct sunlight; other students may
have had a transect in a shady area. Compare your energy pyramids and food webs
with those of the other students.
a. Identify similarities and differences.

Figure D1.38: Many aquatic
invertebrates are quite large—some
are up to 70 mm in length.

b. Explain the role that the differing abiotic factors may have played in causing the different results.
21. Now that you have compared your work with that of another group, what changes would you make if you did this
investigation again?
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A field study is a wonderful first-hand opportunity to experience the intricate workings of an ecosystem. By using a base line
and a system of transects, you and your classmates had an opportunity to sample a number of different locations of an aquatic
ecosystem and the land that surrounds it. These experiences will provide a value context for the recycling of important
inorganic compounds that you will be studying in Lesson 1.5.

1.4 Questions
Knowledge
1. Concisely describe how a base line and transects can be used to allow a group of people to collect data from an ecosystem.
2. List the abiotic factors you observed and measured along your transect.
Applying Concepts
3. One approach to a field study is to let each group of students choose a location to collect data. This seems simpler
than setting up a base line and a transect. Explain why the system of the base line and transect yields data that is more
representative and accurate of the whole ecosystem than any other method.

Chapter 1: The Biosphere of Life

439

Science 20 © 2006 Alberta Education (www.education.gov.ab.ca). Third-party copyright credits are listed on the attached copyright credit page.

1.4 Summary
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1.5 The Recycling of Matter

Figure D1.39: A large wildfire releases a tremendous amount of energy.

One of the most powerful forces in nature is a large wildfire. The energy released by this dramatic chemical reaction can be
truly awesome. In some cases, updrafts created by the fire are so intense that cool air is sucked in from the surrounding area
to create winds that can gust up to 160 km/h. These winds can sometimes develop like a tornado and are capable of hurling
flaming logs great distances. In these cases, the fire is creating its own weather—this is why it’s called a firestorm.
Wildfires of this magnitude are clearly seen as uncontrollable menaces that represent a significant hazard to industry,
homes, public safety, and natural resources. You can see why preventing wildfires has been a top priority.
You might be surprised to know that the efforts made to prevent and suppress all wildfires—even smaller ones—may actually
be putting forests more at risk for a large, massively destructive fire. Low-intensity fires reduce the accumulation of fuel, such as
thick layers of pine needles, dead branches, and underbrush. An old forest that has not been subjected to a low-intensity burn is
more at risk for having a catastrophic fire that burns with great intensity and spreads rapidly over a larger area.

Figure D1.40: Firefighters take a well-deserved break after battling a stubborn fire.
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31. A wildfire has been described as a very large and
dramatic chemical reaction. What observations of a
wildfire support this claim?

Figure D1.41: Plants emerge from the ashes of fires.
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Recent studies of fire scars on trees, soil layers, and core
samples from lake beds reveal that in the 10 000 years since
the last Ice Age, fires have actually played an important role
in boreal forest ecosystems. Ecologists agree that the boreal
forest ecosystem depends upon fire to maintain a healthy and
diverse habitat for a variety of plants and animals.

Even though a forest fire can destroy lodgepole
pine trees, only the heat from a wildfire can melt the
resin that seals their pine cones shut. The parent trees
may die, but within a few years the blackened landscape
is dotted with lodgepole pine seedlings.

The prairie grassland ecosystem also depends upon
fire. Prairie fires destroy the seedlings of trees and shrubs
that would invade the prairie grasslands. And yet the fires
burn only the upper portion of the grass plants, leaving
the roots unharmed. Fire has a rejuvenating effect on both
boreal forest and prairie grassland ecosystems because it
encourages new growth and a healthy diversity in both the
plant communities and the animals that depend upon plants.
How can a destructive force like a wildfire trigger
a vibrant period of new growth in a diverse variety of
plant species? How can the growing conditions for these
pioneering plant species be enhanced by the fire? You will
have an opportunity to answer these questions as you gain an
understanding of the movement of matter through the trophic
levels of an ecosystem.

32. Prescribed burning is a practice in which forestry
personnel deliberately set small, controlled fires
under ideal weather conditions—low winds and
reasonably high moisture content. This strategy
attempts to mimic the historical pattern of more
frequent, low-intensity burns that are an integral
part of the forest ecology. Explain how this practice
may actually enhance public safety and ensure the
long-term health of the forest.

Energy Flows in One Direction But Matter
Is Recycled
Food chains, food webs, and ecological pyramids are models
that show energy moves in only one direction through the
trophic levels of an ecosystem.
Energy from the Sun is stored as chemical energy
in food at the first trophic level through the process of
photosynthesis with producers. Then about 10% of the
chemical energy is passed along to each of the higher trophic
levels. About 90% of the chemical energy is used by the
organisms at each level and is eventually passed into the
environment as heat. Since energy is continually flowing out
of the system, it must be constantly replenished in the form
of energy from the Sun. Without the continual input of solar
energy, the ecosystem would shut down.

Figure D1.42: Water vapour forms a cloud above a grassland ecosystem.

Matter, in the form of elements and compounds, also
moves through the trophic levels and within the environment.
As an example, water in the tissues of a plant can be eaten
by a prairie dog and then become incorporated into its body.
Some of the water may also be exhaled by the prairie dog as
water vapour.
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This exhaled water may add to a cloud above a grassland ecosystem and then could be carried by the wind for hundreds
of kilometres to eventually fall as rain on a boreal forest ecosystem. Even though the water can move between ecosystems,
it cannot leave the biosphere. It is a permanent part of the planet. Since water is neither added to nor subtracted from
Spaceship Earth, and because water is needed for so many processes essential to life, water molecules must be recycled.

The Water Cycle
transport
over the land

solar energy
net movement of
water vapour
by wind
evaporation
from the land
transpiration
from plants

precipitation
over the land

percolation
in soil
precipitation
over the sea

evaporation
from the sea

root
uptake

transpiration: the loss of water vapour from a plant
through its leaves
humidity: the atmosphere’s moisture content

run-off and
ground water

Figure D1.43: Water has a tremendous influence on ecosystems.

Of all the non-living components of an ecosystem, water has the greatest influence on life found in that ecosystem.
Natural processes constantly recycle water throughout the environment. The Sun’s energy evaporates water from land and
water surfaces, thereby adding gaseous water vapour to the atmosphere. As it cools, water vapour condenses and eventually
falls as precipitation. Plants pull water from the ground and lose water from their leaves through the process of transpiration,
which puts water vapour into the air. The addition of water vapour into the air makes local conditions more humid. Humidity
is the moisture content of the atmosphere.

Wildfires and the Water Cycle
As the organic matter in a forest burns, hydrocarbon compounds are distilled into their constituent parts. As these materials
move down into the soil, they condense on the cooler soil particles and create a waxy coating that tends to bring about a
waterproof layer just under the soil surface.
The impact on the water cycle is clear—the ability of forests to absorb and hold water is reduced, not only because soil is
a waterproof layer, but also because the vegetation that utilizes the water has been damaged. Heavy precipitation that happens
after a forest fire has a greater portion of the water flow directed to run-off. This erodes surface soil as the water moves more
directly to streams and bodies of water. Soil erosion after a wildfire is particularly noticeable on slopes. Surface vegetation
begins to return within about two years of the wildfire, the waterproof soil layer begins to break down, and the soil begins to
regain its ability to retain moisture.

Human Impacts on the Water Cycle
As you learned at the beginning of Chapter 1, water is a precious resource that will likely be in greater demand in years
to come. Some practices considered acceptable several years ago are now being rethought. For example, households are
switching to toilets that use only 6 L of water per flush instead of 18 L. If water is continually recycled, why is it important to
use less? The answer to this question has to do with the fact that when humans remove fresh water from the environment, it
is very difficult to return the water to the environment without a deterioration in quality. Not only does polluted water mean
there is less clean water available for human use, it also means there is less clean water to support aquatic ecosystems.
Deforestation is another major way in which people affect the water cycle. Trees play a vital role in regulating both the
temperature and moisture content of soil by providing shade from direct sunlight.
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33. Water is often applied to lawns and gardens to keep plants healthy and green.
a. Use your knowledge of the water cycle to explain why it is more effective to water lawns in the early morning
rather than the middle of the afternoon.
b. Use your knowledge of the water cycle to explain why it is better to use a soaker hose instead of a sprinkler to
water trees and shrubs.
34. Recall the process known as oilfield injection discussed in Lesson 1.1.
a. In the description of oilfield injection, one of the concerns stated was that the water used in this process was
permanently removed from the water cycle. Does this contradict the idea that the total amount of water on
Spaceship Earth is fixed?
b. Use your knowledge of the water cycle to explain why this use of water is of great concern to environmentalists
even though it represents only about 1% of fresh water used in Alberta.
35. For organisms that live in the forest floor’s soil, identify at least two abiotic factors significantly affected by wildfires.

The Recycling of Other Elements and Compounds
The idea of recycling applies to other elements and compounds. The atoms of carbon, nitrogen, oxygen, and other elements
that make up the bodies of living organisms are the same atoms present when life began on Earth. These materials must also
be recycled. The processes involved in recycling the essential elements and compounds are referred to as
biogeochemical cycles.
Although the word biogeochemical appears long, it is actually made up of three familiar
biogeochemical cycle: a
diagram representing the
parts: bio—referring to life + geo—referring to Earth + chemical—referring to elements
movement of elements and
and compounds. So, these cycles refer to the exchange between Earth and ecosystems of the
compounds between living
elements essential to life.
and non-living components
of an ecosystem

The Carbon Cycle
All life on Earth is based on molecules containing carbon. Atoms of carbon form the
framework for proteins, carbohydrates, fats, and other molecules important to biological
systems. The carbon cycle begins with producers taking in carbon dioxide from the
atmosphere. During photosynthesis, energy from the Sun is used by producers to convert
carbon dioxide gas into energy-rich molecules of glucose to be used by living organisms as a
source of food and energy. The simplified overall equation for photosynthesis is
Energy + 6 CO2(g) + 6 H2O(g) Æ C6H12O6(aq) + 6 O2(g)
Living organisms return carbon dioxide to the atmosphere by cellular respiration. The
simplified overall equation for cellular respiration is
C6H12O6(aq) + 6 O2(g) Æ 6 CO2(g) + 6 H2O(l) + Energy

photosynthesis: the
process by which plants
and some other organisms
use light energy to convert
water and carbon dioxide
into oxygen and
high-energy carbohydrates,
such as sugars and starches
cellular respiration: the
process by which cells
convert the chemical energy
stored in sugars into energy
that the cells can use
carbon sink: a system
that removes more
carbon dioxide from the
atmosphere than it releases
into the atmosphere

The movement of carbon through the carbon cycle is highly affected by carbon being
peat: deep layers of mosses
and plant remains unable to
stored in a variety of reservoirs, including fossil fuels, animal fossils, and the vast reserves
completely decompose due
of calcium carbonate in the world’s oceans. Reservoirs of carbon are called carbon sinks.
to the lack of oxygen in
Boreal forest ecosystems are now recognized as significant carbon sinks not only due to
water-saturated soil
the trees that live there, but also because of the accumulation of peat in these wetland
ecosystems. Peat bogs in Alberta are called muskeg. Recent studies of peat bogs in Siberia have revealed that some of these
bogs have been around since the last Ice Age, which makes them at least 10 000 years old. These studies have also determined
that these peat bogs absorb huge amounts of carbon—this makes them among the world’s top carbon sinks. Unfortunately, if
peat bogs are drained and decomposition is allowed to occur, the carbon stored there is released as carbon dioxide and these
ecosystems become a source of carbon instead of a sink.
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photosynthesis
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like C6H12O6
primary
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The Oxygen Cycle

Human activities that involve the burning of fossil fuels
have the effect of adding to the worldwide accumulation
of carbon dioxide. This amounts to reversing millions of
years of photosynthesis by releasing carbon back into the
atmosphere that had been stored in the remains of ancient
plants—the original source of fossil fuels. In recent years,
this has become a concern because increased atmospheric
levels of carbon dioxide have been linked to global warming
and climate change.
Deforestation also affects the carbon cycle by
eliminating trees that could absorb carbon dioxide through
photosynthesis. In addition, the removal of trees causes
dramatic changes to the microclimate, leading to an increase
in soil temperature extremes and a decrease in soil moisture.
If the peat bogs begin to dry out in boreal forests, the carbon
stored there starts to be released.

Each breath you take involves the essential process of
extracting oxygen from the atmosphere. Most living things
cannot survive without a source of oxygen. Even aquatic
organisms take in dissolved oxygen from the water. Why is
oxygen so essential? Oxygen reacts so intensely with other
elements in chemical reactions that significant amounts
of energy are released. Organisms can then use the energy
released in these oxidation reactions.
Given the reactive nature of oxygen, it is natural to
wonder why there is any oxygen left in the atmosphere.
After all, if it combines so readily with elements like iron
to form oxidized mineral sediments, why hasn’t it all
been used up? The answer is photosynthesis. According
to the fossil record, billions of years of photosynthesis by
cyanobacteria living in warm, shallow seas created Earth’s
current oxygen-rich atmosphere. Modern plants maintain
this atmosphere by adding to the reserve of atmospheric
oxygen. This is balanced by cellular respiration in which
energy is released from the combustion of food molecules
in the presence of oxygen gas.

Practice
36. Explain the following statement.
There is no need to memorize a separate
chemical equation for photosynthesis and
another one for cellular respiration. One equation
can describe both.
37. Decomposition, combustion of fossil fuels, cellular
respiration, volcanic activity, and wildfires all have
something in common when it comes to the carbon
cycle. Identify the common feature.
38. While driving through northern Alberta, you spend
hours travelling through a large section of
boreal forest consisting of muskeg and stands of
spruce trees. One of your passengers comments,
“It’s a shame that all this land can’t be put to better
use.” Respond to this comment by explaining the
value of Alberta’s boreal forests.
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It may seem obvious that wildfires will have a significant
effect on the carbon cycle because a burning forest switches
instantly from a carbon sink into a carbon source with
the addition of carbon dioxide to the atmosphere. What
is less obvious is that dried-out peat bogs are a huge fire
risk because of the large amounts of fuel that have been
stored in them. Fires in peat bogs have been known to burn
underground for months. This comes as no surprise to
geologists because ancient peat bogs are the original source
of current coal deposits.

ID

The Impact of Wildfires on the Carbon
Cycle

O
Y
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Human Impact on the Carbon Cycle

Some athletes sleep in hypoxic tents containing
only about 15% oxygen to improve their body’s ability to
absorb oxygen.

The oxygen cycle has much in common with the carbon cycle—the sinks for carbon are the sources for oxygen and vice
versa. In both cases, the main processes responsible for the cycling through ecosystems are photosynthesis and cellular
respiration. Despite these similarities, there are some important differences. Carbon dioxide comprises only about 0.03% of
the atmosphere, whereas oxygen accounts for 21%. This means that the dynamic between carbon and oxygen is only a small
part of the total oxygen system. Even though the total oxygen system also involves the cycling of other nutrients—such as
sulfur, phosphorous, and nitrogen—for the sake of simplicity, only the connection to carbon is shown in this illustration.
When you study the nitrogen cycle, you will see another example of a process that connects to the total oxygen system.

Human Impact on the Oxygen Cycle
Perhaps the most significant impact that people have on the oxygen cycle occurs about 10 km to
ozone: a molecule
50 km above Earth’s surface in a part of the atmosphere called the ozone layer.
comprised of three
atoms of oxygen—O3
Ozone forms when high-energy radiation from the Sun breaks apart oxygen molecules, O2, and
forms free oxygen atoms. A free oxygen atom can then react with an unbroken oxygen molecule
to form ozone, O3. Although ozone continually forms in the atmosphere, other compounds naturally present in the
atmosphere destroy the ozone through chemical reactions. This balance is upset through the release of pollutants, such as
chlorofluorocarbons (CFCs), that migrate to the ozone layer and cause more ozone to be broken down. The result is that the
ozone layer is getting thinner. This thinning layer is a cause for concern because it shields Earth from the Sun’s powerful
ultraviolet radiation. This radiation is harmful to crops, to fish larvae, and to humans.

The Impact of Wildfires on the Oxygen Cycle
Decomposers may take years to break down a tree branch into simple compounds. A wildfire can accomplish the same
thing in seconds. A wildfire is a powerful example of a number of oxidation reactions that rapidly release energy. Clearly, a
wildfire will remove oxygen from the atmosphere. However, a fire’s most significant effect may be related to the erosion that
often follows the fire—this is due to rains washing away soil no longer held in place by vegetation. Minerals that had been
locked up in the earth are now exposed and can chemically react with atmospheric oxygen. The chemical weathering of these
minerals further depletes atmospheric oxygen.

Practice
39. Sketch a unified diagram that identifies processes common to both the carbon cycle and the oxygen cycle.
40. Identify the key forms in which carbon and oxygen will occur within both the oxygen cycle and the carbon cycle.
41. Cellular respiration is said to be an exothermic reaction because energy is released. If photosynthesis is an
endothermic reaction because energy is required, identify the source of the energy for photosynthesis.
42. The fossil record suggests life did not colonize land until the atmospheric concentration of oxygen reached adequate
levels. Suggest two reasons why it was essential to have the atmospheric oxygen concentration at adequate levels
before life could begin on land.
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The Nitrogen Cycle

The Human Impact on the Nitrogen Cycle

Nitrogen is critically important to life because it is a key
component in biologically important molecules, such as
protein and DNA. Since the atmosphere is composed of 78%
nitrogen, it is reasonable to wonder why you can’t get your
nitrogen from breathing. After all, more than three-quarters
of every breath is nitrogen! The trouble with this idea is
that nitrogen gas, N2, is non-reactive; it takes a lot of energy
to break up N2 molecules so single nitrogen atoms can be
combined with other elements to form proteins. Plants and
other producers have the same problem—they can’t use
atmospheric nitrogen either. The plants rely upon bacteria
to convert nitrogen gas, N2, into forms they can use. These
other forms of nitrogen include ammonia (NH3), nitrate ions
(NO3-), and nitrite ions (NO2-). These nitrogen-containing
substances are found in the waste products of many
organisms and in dead and decaying organic matter.
Plants use nitrates or nitrites for their nutrients. For
nitrogen gas to be used by plants, the gas has to be converted
by certain types of bacteria into ammonia—this is done using
a process known as nitrogen fixation. The bacteria involved
in nitrogen fixation are found in the soil and in the nodules
on the roots of plants called legumes. Other types of bacteria
in the soil, known as nitrifying bacteria, convert ammonia
into nitrates and nitrites by a process called nitrification.
Since all cycles have to be able to return to the starting
point, another soil bacteria known as denitrifying bacteria
converts nitrates into nitrogen gas. This process is known
as denitrification. Other non-living processes—such as
lightning—may convert nitrogen gas into nitrates.

Human activities primarily affect the nitrogen cycle by
adding large amounts of nitrogen compounds to the water
or air. Excessive fertilizers applied to crops may run off into
nearby rivers or streams and result in harmful algal blooms.
People also affect the nitrogen cycle through emissions
from smokestacks and automobile exhaust pipes. The high
temperatures of combustion produce compounds of nitrogen
and oxygen (oxides of nitrogen) that may combine with
rainwater to form acid rain.

The Impact of Wildfires on the Nitrogen
Cycle
A wildfire breaks down organic molecules containing
nitrogen into simpler forms like nitrates, ammonia, and
ammonium compounds. In this respect, a wildfire has an
effect similar to the work of microbes in the soil. However, a
wildfire’s extreme heat also means that a portion of nitrogen
stored in the organic compounds of the burning vegetation is
returned to the atmosphere. In spite of these losses,
nitrogen-containing substances like ammonium compounds
and nitrates are more abundant in the soil after a fire. A fire
will also have a spinoff effect of making the soil warmer and
less acidic, which creates a more favourable habitat for the
many soil microbes responsible for fixing nitrogen.
An outcome of the greater availability of nitrogen in soil is
demonstrated by the vibrant growth of plants in the first year
after a fire. Wildflowers, especially lupins, thrive in post-fire
habitats because they have nodules that contain nitrogen-fixing
bacteria in their roots. These flowers take advantage of the
improved soil conditions.

nitrogen fixation: the process of converting
nitrogen gas into ammonia
nitrifying bacteria: a type of soil bacteria that
converts ammonia into nitrates and nitrites
nitrification: the process of converting
ammonia into nitrates or nitrites
denitrifying bacteria: a type of soil bacteria
that converts nitrates in soil into nitrogen gas,
releasing this gas to the atmosphere
denitrification: the process of converting
nitrates in the soil into nitrogen gas

Practice
43. Concisely explain why plants cannot use the air as a source of
nitrogen.
44. Explain why many plants thrive in a post-fire habitat.
45. Since you cannot obtain the nitrogen you need from breathing,
what is the source of your nitrogen?
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1.5 Summary
Biogeochemical cycles involve the movement of chemical elements among both the living and the non-living components
of Earth. Water in the water cycle falls as precipitation and either evaporates from bodies of water, is stored in ground water,
or cycles through plants and then evaporates. Carbon enters the living portion of the carbon cycle through photosynthesis,
and it leaves through cellular respiration. In the oxygen cycle, the roles of
photosynthesis and respiration are reversed. The nitrogen cycle involves
soil bacteria that help convert nitrogen gas into compounds of
nitrogen used by plants for growth and tissue repair.
The ashes that remain after a forest fire are rich in
nutrients. Therefore, ashes of former trees in a
burned-out forest act like a natural fertilizer.
In this way, forest fires accelerate
decomposition processes and provide
some benefits to the environment.

1.5 Questions
Knowledge
1. Define the following terms.
a.
b.
c.
d.
e.
f.

transpiration
nitrogen fixation
nitrification
denitrification
nitrifying bacteria
denitrifying bacteria

2. What is a biogeochemical cycle? Provide several examples.
3. Describe the relationship between the carbon cycle and the oxygen cycle.
Applying Concepts
4. If approximately 78% of Earth’s atmosphere is composed of nitrogen, explain how there is a shortage of nitrogen in some
soils.
5. Explain the advantage of alternating wheat crops with legume crops within the same field.
6. Sewage often contains high concentrations of nitrates that could be harmful if released directly into the environment.
Explain the role that denitrifying bacteria could play in sewage treatment plants.

452

Unit D: Changes in Living Systems

Science 20 © 2006 Alberta Education (www.education.gov.ab.ca). Third-party copyright credits are listed on the attached copyright credit page.

1.6 Biodiversity and the Heritage of Our Lands

Figure D1.44: People have many different connections with the environment.

Individuals and groups of people who live in towns, cities, and farms all interact with the
environment. Virtually every human activity will have a spinoff effect on the environment,
but it’s sometimes a challenge to understand all the connections. This is illustrated in the
following two stories that may, at first, seem to have very little in common. If you enjoy the
challenge of trying to guess endings to suspenseful movies, you may enjoy trying to discover
the connections between these two descriptions.
One story describes woodland caribou and the other describes a shopping trip to a large
urban shopping mall. As you read each description, try to identify as many connections as
possible between details of the two stories. Following the caribou tracks across this page will
hopefully get you off to a good start.
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Woodland Caribou

Shopping Trip
Imagine you just arrived at the home of a friend, Ravi, who
lives in Calgary. While sifting through the weekly pile of
flyers, you notice that many stores in the city’s largest mall
have huge sales. So, you and Ravi decide to drive to the mall
in search of bargains.

Figure D1.45: Both mature male and female caribou have antlers, but male
antlers are larger and have more points.

The woodland caribou is a member of the deer family.
The caribou have large, crescent-shaped hooves that are
ideally suited for travelling in the terrain of Alberta’s boreal
forests—deep snow in winter and the soft, spongy peat of
muskeg in summer. The winter diet of the woodland caribou
consists largely of tree lichens that are found in mature
boreal forests.
It takes at least 80 years for a forest to grow enough
tree lichens to support the caribou. In the summer, the
caribou diet includes willows and wildflowers, as well as
ground lichens.
These animals are considered to be an endangered
species in Alberta because their survival is in question.

Figure D1.47: It takes time to drive to the mall.

Since Ravi lives in a suburb on the city’s outskirts, it takes
about 35 minutes to drive to the mall and find a parking
spot. Once inside, the hunt for the best deals begins with
comparison shopping and lots of walking between stores.
After all this shopping, it’s time for lunch at a fast-food
restaurant. When finished, you empty your tray that’s full
of paper food wrappers, empty cardboard containers, and a
soft-drink cup. Now it’s time to carry all the shopping bags
loaded with your purchases to the car for the 35-minute ride
back to Ravi’s house.

lichen: an organism formed by the symbiotic
association of a fungus and a photosynthetic alga
endangered species: a species that may soon
no longer exist within certain regions and/or may
be threatened with imminent extinction

Figure D1.48: The materials used in packaging can be recycled.

Figure D1.46: Many people call this kind of tree lichen old man’s beard.
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Luckily, Ravi lives in a city with a recycling program;
so, once you’ve unpacked all your purchases you can put
all the paper, plastic, and cardboard packaging in the proper
recycling bins. As you sort through this, Ravi laughs and
says, “It’s crazy—this is just like eating fast food at the mall.
All this packaging seems to take up more room than the stuff
it was wrapped in.”

Now that you have read the two stories, how do they
interconnect? What does the endangered species status of the
woodland caribou have to do with a 35-minute ride to a mall?
How does a large pile of packaging materials connect to tree
lichen? In this lesson you will have a chance to see these
connections as you explore the powerful impact that people
have on the natural environment.

Practice

Alberta’s boreal forests are experiencing stress due
to human activities. Timber harvesting, roads, mining,
pipelines, power lines, and petroleum and natural gas
exploration all require the removal of trees and lead to
habitat fragmentation.
Habitat fragmentation in Alberta’s boreal forests usually
involves cutting corridors through the forest so that people
have access to natural resources. The idea of habitat
fragmentation is best understood through an examination of
aerial photographs.

46. In the definition of lichen, it was stated that a lichen
is formed by the symbiotic association of a fungus
and a photosynthetic alga.
a. Explain the meaning of symbiotic association.
b. The fungus in the lichen contains microscopic
fibres that provide the alga with a place to
grow. The fungus also supplies the alga with
water and minerals that these fibres filter from
dust particles and moisture in the air. Identify
the contribution that the alga makes to this
association.
47. In the mall story, references were made to the use
of paper products and to the consumption of fossil
fuels.
a. List the uses of paper products noted in the
story. Also, list those that were not mentioned
but that would likely still have played a role in
the shopping trip.
b. List the uses of petroleum and natural gas
mentioned in the story. Add other uses that were
not described but that would likely still have
played a role in the shopping trip.

Figure D1.49: Alberta’s Swan Hills forest ecosystem is shown in 1949 (left)
and 1991 (right).

One source of habitat fragmentation in the boreal forest
is seismic exploration conducted by companies searching
for new sources of petroleum and natural gas. To gather
information about subsurface rock formations, seismic
waves are sent through the ground to probe the structure of
underground rock formations.
The Seismic Exploration Process
powerful computer creates image of rock
formations based on sound-wave data
geophones
detect returning
echoes

Habitat Fragmentation
People are considered to be healthy if they are free of disease
and if they can readily heal themselves of minor infections,
small cuts, and bruises. In other words, assuming you have
access to adequate resources—like food, water, and shelter—
you are considered healthy if your body is both
self-sustaining and self-regulating.
In a similar way, an ecosystem is considered to be healthy
if it is free of stress sources and if it can recover on its
own from disturbances that disrupt its normal functioning.
Sources of stress for an ecosystem include things like
pollution, a loss of vegetation, a disruption of the water
flow, and the introduction of a new species. These events
are comparable to diseases in the human body because
they interfere with an
ecosystem’s ability to
habitat fragmentation:
the conversion of formerly
sustain itself and to
continuous habitat into patches
regulate all of its
separated by non-habitat areas
essential processes.
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Looking for the Interconnections

mobile
drilling
unit

shot hole

sound waves reflected
off layers and formations
in bedrock below surface

small explosion
sends sound
waves through
rock layers

The sound waves are usually generated by explosive
charges detonated at the bottom of shot holes drilled from
6 m to 20 m into the ground. The echoes of these waves
are detected by a long line of sensitive microphones, called
geophones. These geophones then send the collected data for
a computer analysis.
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Habitat fragmentation can occur as a result of seismic exploration. The company builds access roads to the area to be
explored, sets up an area to act as a camp for the seismic crew, and removes shrubs and trees to create seismic lines for
equipment and vehicles. This process is compounded by the fact that competing companies may conduct independent
seismic explorations over the same area. The result is that the forest landscape can become crisscrossed with a collection of
access roads and seismic lines that from the air look like a spider’s web. The impact of these seismic lines and access roads
is significant to the woodland caribou. Cleared areas generate more habitat for moose. As the moose population increases,
predators like wolves are attracted to the area, where they make effective use of the seismic lines to gain quick access and
spot potential prey. The caribou are most vulnerable to the wolves, so they suffer the greatest losses. The chain of events
responsible for the decline of the caribou begins with habitat fragmentation.

Practice
48. Explain the sequence of events that starts with habitat fragmentation and ends with a declining population of the
woodland caribou.
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Habitat Destruction
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49. List some of the advantages of hand-cut, low-impact seismic lines.
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Figure D1.50: From the air, a collection of access roads and seismic lines looks like a spider’s web.

• On average, each Canadian consumes about 335 kg of
paper every year.
• About 20% of all harvested wood is used to make paper.
• New technologies are being developed to produce paper
from non-wood fibres. These include fibrous plants,
like hemp and bamboo, as well as the waste products
that result from the production of food crops, like flax
and bananas.
Figure D1.51: Logging is a major industry in Alberta.

Almost 75% of the boreal forest in Alberta has been
leased to companies for drilling, mining, and logging.
Logging not only supplies lumber and solid wood
products for the construction industry, but it also supplies
the raw materials to make paper.
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habitat destruction:
the permanent
alteration of vital
characteristics in an
organism’s habitat

Figure D1.52: Clearcutting is one method of removing trees from an area.

CATEGORIES FOR SPECIES AT RISK IN ALBERTA
Category

Description

Examples

Extinct

species no longer exists anywhere

• Banff longnose dace
This tiny fish lived in only one marsh fed by a hot spring in
Banff National Park. Tropical fish were introduced to the marsh.
Chemicals leaked into the marsh from a chlorine pool, and this
changed the habitat.

Extirpated

species no longer exists in Alberta
but lives elsewhere

• black-footed ferret
This small member of the weasel family depended heavily on
the black-tailed prairie dog for food and habitat. This species
can still be found in the United States.

Endangered

species threatened with imminent
extinction or extirpation throughout
their range in Alberta

• woodland caribou
• swift fox
• burrowing owl
Both the swift fox and the burrowing owl have experienced a
loss in habitat as native prairie grasslands have been converted
to farmland. Both species often enlarge the abandoned
burrows of the black-tailed prairie dog to make their own dens.

Threatened

species likely to become
endangered if the factors that
caused its vulnerability not
reversed

• anatum peregrine falcon
In the 1970s, this species was extirpated from Alberta due to
the widespread use of DDT. Captive breeding programs have
helped the population recover. Current threats are related to a
low availability of quality habitat.

Vulnerable

species likely to become
threatened or endangered

• wolverine
The wolverine needs large areas of undisturbed northern
wilderness forests. Forest fragmentation threatens the
wolverine’s habitat.

There are large numbers of other species at risk throughout the world. People’s desire for natural resources are leading to
habitat destruction. Since no species can survive without a suitable habitat, it should not surprise you that habitat destruction
is the leading cause of species extinction.
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The timber preferred by sawmill operators to make lumber for construction comes from
old-growth forests. These trees are large enough to process through the sawmills. Unfortunately,
the old-growth stands of trees sought after by sawmill operators are the same ones that have grown
enough lichen to support the woodland caribou. When a stand of old-growth trees is removed, there
is a negative effect on the population of woodland caribou due to habitat destruction.
Habitat destruction is also part of the reason why the woodland caribou is classified as
endangered, as shown in the following table.
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Practice
Use the following information to answer questions 50 to 52.
In the middle of the nineteenth century, it was estimated that the population of prairie dogs in North America was
about four billion animals. Once prairie grassland was converted to farmland, the black-tailed prairie dog numbers
were dramatically reduced by farmers. The prairie dogs were thought to eat too much vegetation now reserved for
cattle, and the entrance holes to their burrows were considered a livestock hazard. To reduce their numbers, prairie
dogs were poisoned.
50. The swift fox and the black-footed ferret are two species that feed on black-tailed prairie dogs. Use your knowledge
of ecological pyramids to explain what effect the mass poisoning of black-tailed prairie dogs would have on each of
these animals.
51. Prairie dogs require a habitat of low grasses for good visibility and hard-packed soil to prevent their burrows from
collapsing. In much of southern Alberta, the original prairie grassland ecosystem was converted into farmland to
grow tall cereal crops. Explain why habitat destruction is listed as the key reason why the burrowing owl is on the list
of species at risk.
52. A keystone species is a type of organism whose disappearance will be followed by a decrease in many other
community species. Explain why the black-tailed prairie dog is considered to be a keystone species in prairie
grassland ecosystems.

Loss of Biodiversity
Once a web of seismic lines and access roads subdivides a section of boreal forest, other human activities can reduce
the ability of the forest to recover. Local residents who drive vehicles such as quads can use these seismic lines for
recreational purposes—in this way, the vegetation never has a chance to recover and fill in these gaps. As a result of habitat
fragmentation and disturbance, species like the woodland caribou and the wolverine experience a decline in numbers and,
eventually, are extirpated from that tract of forest. When these two species leave the area, the variety or diversity of life is
diminished. Ecologists would say that this area of forest has suffered a loss of biodiversity.
Biological diversity is important because areas like Alberta’s boreal forest are communities of organisms that not
only interact through food webs but also act in concert with geochemical cycles in complex ways that scientists are still
struggling to understand. If species are removed that other organisms depend upon, the ecosystem may no longer function.
This has serious consequences because the boreal forest cleans water, acts as a sink for carbon, and produces the oxygen
organisms breathe. It has been said that if the tropical rain forest is one lung of Earth, the boreal forest is the other.
The boreal forest stretches from northern Alberta to
Labrador and from northern Europe to
Siberia. Ten percent of Canada’s
boreal forest is in northern
Alberta. Although no one
really knows all the
long-term consequences
of the loss of biodiversity
from deforestation, the
fact that human activity is
inflicting serious damage
on the planet’s “lungs”
Boreal Forest
cannot be ignored.
Tropical Rain
Forest

Figure D1.53: The world’s boreal forests and tropical rain forests are highlighted on this map.
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biodiversity: the variety of
life in all its forms, including
ecosystem diversity, species
diversity, and genetic diversity

Figure D1.54: Some of the benefits of biodiversity are shown.

Practice
53. Outline the importance of Earth’s boreal forest to the entire biosphere.
54. Explain how biodiversity is linked to the health of boreal forest ecosystems.
55. Why is it in the best interests of people to maintain Earth’s biodiversity?

Invasive Species
People sometimes introduce a new species into an ecosystem, either
intentionally or unintentionally. Since these new species invade an
already established ecosystem, they are called invasive species.
These invading species often cause problems for native species.
For example, the zebra mussel was introduced into the Great Lakes
by the release of bilge water from ships that had travelled to Canada
from western Asia. The zebra mussel is actually a native of the
Caspian Sea. The ability of the zebra mussel to out-compete native
species of mussels for nutrients and a lack of natural predators
allowed the zebra mussel population to grow at a very fast rate. The
density of zebra mussels in some parts of the Great Lakes is more
Figure D1.55: Zebra mussels are an invasive species to the
than 20 000 individuals per square metre. The booming population
Great Lakes.
of these mussels affects the entire food chain because
invasive species: a species that does not normally occur in an
of this species’ intensive feeding on the photosynthetic
area, is introduced by human action, and then expands to become
micro-organisms forming the first trophic level for the
a breeding population that threatens the area’s biodiversity
Great Lakes ecosystem. This means that less food is left
for other organisms. Since native species suffer a decline in numbers, the presence of zebra mussels instead of native mussel
populations leads to a loss of biodiversity. In the next “Utilizing Technology” you will have an opportunity to develop a
profile of an invasive species in Alberta.
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What scientists do know about biodiversity is that more than 40% of all prescription drugs are based on compounds
discovered in natural species. The Pacific yew was once discarded and was often burned after clearcutting in the forests of
British Columbia. A substance in the bark of this tree, called paclitaxcel (under the brand name Taxol), has been identified as
a promising treatment for ovarian cancer and breast cancer.
Scientists also know biodiversity ensures that there is a genetic reservoir of plants. From this collection, other varieties
can be developed that are more drought and pest-resistant than those currently farmed. In the 1970s, a species of wild corn
growing on a hillside in Mexico was used to stop a leaf fungus that had destroyed 15% of the United States corn crop.
Biodiversity and the health of natural ecosystems are the basis of a multimillion dollar tourism industry that supplies
people with recreation, spiritual fulfilment, and quality of life. Clearly, it is in everyone’s interest to maintain biodiversity.
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Utilizing Technology
Purple Loosestrife—An Invasive Species
Purpose
In this investigation you and your partners will develop a concise
bulletin to inform the general public about an invasive species in
Alberta—the purple loosestrife. Your bulletin could take the form of a
poster, a multimedia presentation, or some other type of presentation
to your class.

Science Skills
� Initiating and Planning
� Performing and Recording
� Analyzing and Interpreting
� Communication and Teamwork

Materials
Assemble the necessary materials for the bulletin format that your group plans to develop.

Procedure
step 1: Read through the entire procedure, and then decide how you will divide the tasks.
step 2: The first task is research. Use the Internet and other resources to determine answers to the following questions:
•
•
•
•
•

What is purple loosestrife and how did it come to Alberta?
How can purple loosestrife be identified?
Which ecosystems in Alberta are threatened by purple loosestrife?
How does purple loosestrife contribute to a loss of biodiversity in Alberta?
What should you do if you come across purple loosestrife?

step 3: Plan how you can clearly communicate answers for the five questions of step 2 by using your chosen format.
Your bulletin should be concise and effective.
step 4: Carry out the plan you devised in step 3 by preparing your bulletin about purple loosestrife.
step 5: Share your bulletin with other students.
step 6: View the bulletins of other students.

Evaluation
1. Ask your classmates for feedback on the bulletin produced by your group. How effectively did your group’s bulletin
address the five key questions? What aspects of your bulletin could be improved?
2. What did you learn from the bulletins prepared by other groups? If you were to complete this activity again, what
would you do differently?

Two Different Systems: Economic and Ecological
You read about habitat fragmentation, habitat destruction,
and invasive species. These are serious problems. The prairie
grassland ecosystem—complete with bison, prairie dogs, and
burrowing owls—has been replaced by modern agriculture. The
original prairie grassland ecosystem is largely gone. The boreal
forest ecosystem in Alberta is suffering such stress that future
generations may never be able to see the same plants, animals,
and landscapes that made up the natural boreal forest ecosystem.
Why is all of this happening? Most ecologists trace the
source of these problems to a conflict between two very different
systems. The economic system provides people with employment
and the means to buy goods and services that have become a part
of modern life. The ecological system provides people with clean
air, water, and food—the life-support system for humans and for
every other organism on Spaceship Earth. As the upcoming table
comparing ecological and economic systems will indicate, it is
the fundamental differences between these two systems that is at
the heart of many debates concerning land use in Alberta.
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Figure D1.56: The traditional prairie grassland ecosystem—which featured
countless bison—has been replaced by modern agriculture. Note the
bison skulls from the 1870s. The bones were harvested for money, and this
resulted in the destruction of the huge bison herds.

Characteristic

Ecological System

Economic System

time frame

It takes thousands and sometimes millions of
years for a new species to emerge—this increases
biodiversity. During these long time intervals, species
develop intricate patterns of interaction described by
food webs.

Most businesses publish performance appraisals
every three months. Investors expect a return on
investment within a number of years. Government
economic policy is often tied to the cycle of elections,
which tend to be held every two to five years.

The physical environment in which an ecosystem is
located is a vitally important characteristic of that
ecosystem. The local climate and terrain have a huge
effect on the abiotic factors that, together with the
organisms, form the ecosystem.

The physical environment is not an important
consideration for many businesses. More important
characteristics are the availability of cheap labour
and low transportation costs. Production is frequently
moved from one location to another to take
advantage of these factors.

Ecological systems are measured in a variety of units
that include joules of energy, millimetres of rainfall,
biomass per square metre, and the kilograms of CO2
absorbed per hectare.

The fundamental unit of measure in the economic
system is money. The success or failure of a business
venture is measured in terms of dollars of profit
relative to the dollars invested.

physical
environment

basic units of
measurement

As this table indicates, ecological systems develop over a long time with the physical environment playing a critical role,
as measured by such key variables as millimetres of precipitation and joules of solar energy per square metre. By comparison,
economic systems develop over a short time with the physical environment playing a minor role in most cases. The biggest
difference between the two systems has to do with the units of measurement.

Practice
56. Some ecologists are suggesting that a dollar value be assigned to the ecological services that a forest provides.
Services like carbon storage, soil formation, and the maintenance of biodiversity would each be appraised as being
worth so many dollars for an area of forest.
a. Explain how this idea attempts to address one of the fundamental differences between the ecological system
and the economic system.
b. Explain how this system could promote a new style of decision making when it comes to economic development
in the boreal forest.
c. Identify some of the challenges of implementing this approach.

The Fourth R

Re

e

Rethink

-us

du

Re

ce

Practice
57. The story of the shopping mall trip, which you
read earlier in this lesson, began by sifting
through a large pile of advertising flyers.
a. Identify alternatives to printing
advertisements on paper.

Recycle
You have probably heard about Reduce, Re-use, Recycle. Some
people would argue that before beginning to reduce, re-use, or
recycle, they need to rethink many basic assumptions about the
modern lifestyle and the economic system that supports it. The
story of a trip to the shopping mall can be used to illustrate how
it is possible to rethink lifestyle choices that many people rigidly
assume are the only options.

b. What is the connection between paper
consumption and the loss of biodiversity?
c. Identify alternatives to the paper version of
this textbook.
58. The story included a 35-minute drive to the mall.
a. Describe how urban sprawl contributes to
habitat destruction.
b. Describe how urban sprawl increases
people’s dependence on fossil fuels.
c. Explain how urban sprawl leads to habitat
fragmentation.
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A COMPARISON OF ECOLOGICAL AND ECONOMIC SYSTEMS
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A Mass Extinction
Is it really necessary for a society to continually produce, consume, and then throw away so many things? Has consumerism
gone too far? When people begin to rethink many of the assumptions of modern living, the questions that emerge and the
new ways of living suggested by these questions may sometimes seem extreme and unreasonable. Ecologists would say that
these suggestions are tame compared to the extreme effect that human activity has already had on the environment. Since the
Industrial Revolution began in the 1700s, it is estimated that between 10% and 20% of Earth’s species have become extinct
due to human activity. If the current trends continue, about 50% of Earth’s species could be gone by 2100. This means that
people are currently living through a mass extinction event. The fossil record indicates that such events have occurred only
about five or six times in the past 600 million years. Although no one knows for certain, evidence suggests that previous mass
extinction events may have been caused by deep impact collisions between Earth and large meteors or comets.
Some people are critical of the suggestion that the modern consumer lifestyle needs to change. These critics might ask,
“Can we afford to make these changes?” Ecologists might respond by asking, “Can we afford not to?”

1.6 Summary
Biodiversity refers to the variety of life within an area. The most common measure of biodiversity is the number of different
species living within an area. Maintaining biodiversity is important because if a species is lost from an ecosystem, the loss
may have consequences for other species due to disruptions to the ecosystem’s food web. Habitat destruction and habitat
fragmentation have negative effects on the biodiversity of an ecosystem. The introduction of a new species may upset the
normal ecological balance in a given area because there are no natural predators or competitors in that area to control the
expansion of new species. Threats to biodiversity may be reduced by addressing some of the fundamental differences between
ecological and economic systems and by rethinking many assumptions of modern lifestyles.

1.6 Questions
Knowledge
1. Define each of the following terms.
a. habitat destruction
b. habitat fragmentation
c. invasive species
2. Concisely explain why habitat destruction is a threat to biodiversity.
Describe a situation in which a specific animal or plant might be at
risk.
3. Explain why maintaining biodiversity is so important.
Applying Concepts
4. List several changes you could make to your lifestyle that would help
reduce habitat destruction and habitat fragmentation.
5. Consider your answer to question 4 by taking into account the total
number of people on Earth. Explain how even small lifestyle changes
can have a profound impact.
6. When people look at photographs of an area covered in litter or of a
mountain of trash at an overflowing landfill, their personal reactions
to these images can vary greatly. On an emotional level, the responses
could include anger, sadness, frustration, or disgust. Among the many
possible responses, consider the following:
“As a society, if we feel the need to blame someone for these
problems all we have to do is look in the mirror.”
Use concepts from this chapter to explain this comment’s meaning.
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Chapter 1 Review Questions
Knowledge
1. Competition, transpiration, habitat, mutualism, population, trophic level, and producer were terms introduced in this
chapter. Determine what term best matches each of the following definitions.
a.
b.
c.
d.
e.
f.
g.

a group of organisms all of the same species
a division of organisms with a similar nutrition source
a symbiotic relationship in which both organisms benefit
a loss of water vapour from a plant through its leaves
an organism that uses solar energy to make food
an area in which an organism lives out its life
a struggle between organisms for limited resources

2. For each pair of terms, explain the differences in their meanings.
a.
b.
c.
d.
e.

biodiversity, biomass
abiotic, biotic
food chain, food web
producer, consumer
habitat destruction, habitat fragmentation

3. Identify three abiotic factors and three biotic factors that describe a forest ecosystem.
4. Why is a food web more realistic than a food chain?
5. Explain the importance of sunlight to an ecosystem.
6. What is a biogeochemical cycle?
7. Identify reasons why the transfer of energy and matter in a food chain is only about 10% efficient.
Applying Concepts
8. The “Interactions Between Species” table summarizes the interactions and relationships between organisms. Complete
this table by adding the required information to the missing boxes. Note that the following system is used to describe the
effects on a species:
• + means the species benefits from the interaction
• - means the species is harmed by the interaction
• 0 means the species is neither harmed nor helped by the interaction
INTERACTIONS BETWEEN SPECIES
Type of
Interaction

Effect on Species #1

Effect on Species #2

Description

Example

+

+

butterflies and purple
coneflowers

+

0

cowbirds and bison
tapeworms and bison

predation
• interaction where two or
more organisms compete
for limited resources
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Lemmings
A lemming is a small rodent. It is about 150 mm long with a mass of approximately 80 g. It resembles a hamster. Lemmings
live in the high Arctic where permafrost prevents them from digging burrows, so they use natural ridges and depressions in the
ground for burrows and travel routes. It is amazing that these tiny animals remain active throughout the Arctic winter, foraging
for food in spaces between the ground and the snow cover. As lemmings eat grasses and sedges, they generate wastes that are
consumed by bacteria, fungi, and insect larvae, which then return key nutrients to the soil. Lemmings play a significant role in
the Arctic ecosystem because they are the main food source for Arctic foxes and snowy owls. Other than human trappers, no
animals prey on Arctic foxes.
Other members of this ecological community include musk-oxen and caribou, which both feed on lichens and other small
plants. Mosquitoes, black flies, and a number of migratory birds also belong to the group. Musk-oxen and caribou encounter
natural predators outside the tundra ecosystem when they migrate south in search of food.

Figure D1.57: Musk-oxen are members of the ecological community in the high Arctic.

9. Sketch a simplified energy pyramid for this ecosystem.
10. Sketch a food chain for this ecosystem that includes the Arctic fox.
11. Suggest a reason why there are no tertiary consumers in this ecosystem.
12. This graph shows how the population of lemmings changes in an area of the high Arctic.
a. A graph of the annual changes within the population
of Arctic foxes is related to the graph in this question.
Determine the years in which you would expect the
population of Arctic foxes to peak. Support your
answer.

30 000

Number of Lemmings

b. No one really knows the reason for the four-year
cycle within the lemming population. One theory
has to do with the effect that the lemming population
has on the available vegetation. Describe a possible
mechanism for this theory.

Annual Changes Within the Lemming
Population for an Area of Arctic Tundra

25 000
20 000
15 000
10 000
5000

1990

1994

1998

2002

Year
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Use the following information to answer questions 9 to 14.
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13. Identify organisms that would be examples of
mutualism, competition, and parasitism.
14. The low temperatures of Arctic soils mean that the rate
of decomposition is very slow. This, combined with the
high water content of ground in the summer, means that
much of the tundra is covered in peat bogs or muskeg.
a. Concisely explain whether the tundra is considered to
be a sink or a source for carbon.
b. If global warming occurs, explain how your answer
to question 14.a. will change.

Use the following information to answer questions 17 to 21.
Biogeochemical cycles typically involve four
general steps:
step 1: assembling complex organic compounds
from non-living or abiotic parts of
environment through process of
photosynthesis

Use the following information to answer question 15.
Three people gather for lunch. Here’s what each person eats.
• The first person eats a piece of chicken. The chicken
was fed only plant material.

step 2: transferring essential elements and
compounds to other organisms through
trophic or feeding levels

• The second person eats a vegetable salad. The salad
contains no animal products.
• The third person eats tuna from a tin. The tuna was a
high-level predator in its ocean environment.

step 3: breaking down complex organic molecules
into simpler organic and inorganic forms
through process of decomposition

step 4: supplying photosynthetic organisms
with raw materials for photosynthesis so
process can continue

For the purposes of this question, assume that this one meal
allows you to categorize the ecological role and trophic level
for each person.
15. a. Describe each person’s ecological role.
b. Determine the trophic level for each person.
c. In reality, you can’t accurately classify a person’s
ecological role based on just one meal. Explain why
most people would be classified as omnivores. Refer
to the food in a typical lunch to support your answer.
d. Concisely explain why it is not possible for someone
at the lunch to have the ecological role of a producer.
16. Use an energy pyramid to explain why it would be very
rare for an ecosystem to have a sixth or seventh trophic
level.
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17. Identify which type of organism assembles complex
organic compounds from elements and simple
compounds. Support your answer by providing two
examples and by describing the process by which this
happens.
18. Identify which type of organism feeds on other living
organisms as its source of essential elements and
compounds. Support your answer by providing three
examples.
19. Identify examples of micro-organisms that feed on dead
and decaying organic matter as their source of essential
elements and compounds. Support your answer by
providing two examples.
20. Consider your answer to question 19. Micro-organisms
that feed on dead and decaying organic matter return
simple compounds to the soil, air, and water. Which
group of organisms uses these simple compounds?
Support your answer by providing two examples.
21. Describe the carbon cycle in terms of this four-step
process.

a. Describe how the fragmentation of the boreal forest habitat could allow the population of cowbirds to expand their
range farther north.
b. The fragmentation of the boreal forest habitat has reduced the number of songbirds that prefer the habitat of the forest
interior to that of the forest’s edge. This is because fragmentation creates more edge habitat. Concisely explain why
there are also drops in the populations of songbirds that prefer edge habitat in forests where agricultural expansion
has fragmented habitats.
23. Late one summer, ecologists discovered that fish were dying in a stream running through some farmland where nitrogen
fertilizer was used to improve crop growth. Suggest an explanation for these events.
24. Compare and contrast the relationships of predation and parasitism.
25. Use your knowledge of the energy pyramid to describe the advantages to global ecosystems if more people switched to
vegetarian diets.
Use the following information to answer questions 26 to 28.
Locate the video clip called “Career Profile: Rehabilitating Injured Wildlife” on the Science 20 Textbook CD.
Play the video. Use the information provided to answer the following questions.
26. Define the word raptor. Support your answer with examples.
27. Describe the biomagnification of DDT through the food chain, and outline the resulting negative impact on the
population of peregrine falcons.
28. Describe the potential impact on an ecosystem if the population of raptors within that ecosystem begins to decline.
Ecological Footprint Calculator
In order to live, people consume natural resources for food, transportation, and housing. How much biologically productive
land and water is required to provide you with the resources you consume and to absorb the wastes that you generate? The
answer to this question is called your ecological footprint.
The ecological footprint is measured in global hectares or hectares of biologically productive space with world average
productivity. In 2001 it was estimated that there were 2.3 billion global hectares of biologically productive water surface,
made up of ocean shelves and fresh water. At the same time, there were 9.0 billion global hectares of biologically productive
land, made up of crop land, grazing land, forest land, and built-up land. Note that the total of 11.3 billion global hectares of
biologically productive area on Earth does not include deserts, ice caps, and deep oceans.
The average number of global hectares available for each person is determined by dividing the total number of biologically
productive global hectares on the planet by the total number of people. Using data from 2001, the world population was
6.15 billion people, so the average is about 1.8 global hectares per person. Even though this is an estimate—based on many
approximations—it is a very useful indicator both for charting trends over time and for comparing the demands put on Earth
by people living in different countries.
How does your footprint compare to this value? Are you taking more than you should? You can determine answers to these
questions by using the Internet to find an ecological footprint calculator. The ecological footprint calculator is simply an
online questionnaire that uses your responses to produce a rough estimate of your ecological footprint.
If you use the key words ecological footprint calculator and Canada, you should be able to use the Internet
to find an ecological footprint calculator.
29. Determine your ecological footprint in global hectares.
30. How many times larger is your ecological footprint than the global value of 1.8 global hectares? If everyone lived like
you, how many planet Earths would it take to support the world’s population?
31. Return to the ecological footprint calculator. Experiment to see what lifestyle changes you can make to lower your
ecological footprint.
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22. You learned earlier in Chapter 1 that cowbirds lay their eggs in the nests of other birds. These other birds then
unknowingly raise cowbird chicks at the expense of their own young, who usually starve or are kicked out of the nest by
the larger and more aggressive cowbird chicks. Originally, cowbirds were found on the prairie landscape because they
followed bison herds. Cowbirds prefer open spaces to dense forest.
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Chapter 2 Changing Populations
A large chunk of space rock, called a meteorite, sped toward Planet Earth. Upon impact with the planet, it caused a fiery
explosion comparable to thousands of nuclear warheads detonating. The meteorite’s deep impact threw so much dust up into
the air that the planet would be dark—sunlight would have a hard time reaching Earth’s plants for years. What effect would
this event have on the organisms living on Earth?
The fossil record suggests that such an event may have occurred at least once in Earth’s history. The evidence suggests the
environmental changes that resulted were so massive that mass extinctions occurred, eliminating most of
Earth’s species in a very short time. Why did some organism populations
survive while others disappeared? How could life reclaim the
devastated landscape and eventually transform it into vibrant
and healthy ecosystems?
Mass extinction events are thought to be followed by
a period of recovery in which the global ecosystems go
through extensive changes. Again, the fossil record provides
evidence that the mass extinction event that brought about the end
of large dinosaurs was followed by an explosion of biodiversity with
the rise of the mammals. If the fossil record provides evidence that life forms
change over geological time, what process explains how these
changes occur? Is this process of change at work today?
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Try This Activity
Coloured Toothpicks
Imagine a species that lives on a small, grassy island. Members of this
species are either yellow, red, green, or blue, and they inherit this colour
from their parents. There is an equal number of each
colour.
Your teacher, or a member of your class, will scatter an
equal number of coloured toothpicks (or similar small,
coloured items) in a grassy area or on a piece of green
carpet. You will play the role of a predator introduced to
the island and will feed by collecting toothpicks. Pick up
as many toothpicks as you can of any colour. However,
you have a limited time (one to two minutes) to feed
before you must migrate to a warmer destination. Count
the number of each colour of toothpicks collected during
the time limit. Record them in a class data table.

Discussion

Science Skills
� Performing and Recording

Figure D2.1: Coloured toothpicks play the part of an island’s prey.

1. In this activity, what do the collected toothpicks represent?
2. Describe predation effects on the prey population’s size in both the immediate future and the long-term future.
3. Infer some reasons for differences in the numbers of prey (toothpicks) collected by the predators.
4. List members of the toothpick population that were least able to cope in the island ecosystem due to the predator’s
presence.
5. Describe characteristics of the toothpick population many generations after the predator has started visiting the
island on its migration route.

Chapter 2: Changing Populations
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The collision of a massive meteorite with Earth is a large-scale event that affects the entire biosphere. Smaller-scale events
that affect only local ecosystems occur on a daily basis. Examples include a piece of land being cleared of its vegetation
and topsoil to make a gravel quarry or a massive forest fire destroying all vegetation in a forest. Because events like these
are fairly common, scientists have been able to study how ecosystems respond when a significant number of life forms are
removed or destroyed.
What patterns have been observed as ecosystems re-establish themselves in these circumstances? Are some observations
from these small-scale events transferable to large-scale events? How do long time frames allow a different set of biological
processes to occur?
By the end of Chapter 2 you will be able to describe the process of succession in a new or disturbed habitat, examine the
factors affecting population numbers, and compare some observable adaptations demonstrated by a variety of organisms.
You will also be able to outline the major concepts of the theory of evolution. Throughout the chapter you will be asked to
examine the influence of humans on the environment and the role of people in species change and loss.
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2.1 Primary Succession

Figure D2.2: Steaming lava runs into the Pacific Ocean from Hawaii.
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primary succession: the process of changing—in
successive stages—an environment from an area of
bare rock and few species to a complex community
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Figure D2.3: Ferns manage to grow through cracks in volcanic lava.

A popular destination for people visiting the Hawaiian
Islands is Volcanoes National Park. The park features two
active volcanoes, Mauna Loa and Kilauea, that regularly
erupt. The eruptions are rarely violent, and the lava
produced flows slowly. This allows tourists to get close to
this 1000°C molasses-like fluid. As molten rock reaches the
Pacific Ocean shore, it transfers its thermal energy upon
contacting the water. This produces steam and new rock.
Each year, with the continual eruption of these volcanoes,
Hawaii’s Big Island gets bigger. New rock formed from
solidified lava is exposed to seeds and spores of simple,
tough plants, such as ferns. These seeds and spores are
carried to the new rock by wind, insects, or on the feet and
bodies of birds. The germination of seeds and spores on the
new rock—as shown in Figure D2.3—demonstrates that the
process of primary succession has begun.

Molten rock—from 50 km to 250 km deep within Earth—can rise through cracks in the outer crust. When this molten
rock reaches the surface it is called lava. Since molten rock has a temperature between 800°C and 1000°C, a lava flow can
completely destroy nearly everything in its path. Things can get knocked over, surrounded, buried, or ignited. If lava encounters
a body of water, the water may start to boil suddenly—this can result in an explosive splatter of extremely hot material.
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Primary succession occurs in places where soil has been
removed or where it never existed. Examples include bare
land—such as cooled lava, sand dunes, and mountain slopes.
Primary succession is a slow process because few plants
are able to grow on bare rock without soil, with little water,
or without protection from the sun and wind. Tough plants
first invade or colonize this new territory. Lichens growing
on these rocks exposed by a retreating glacier or ferns that
can grow on lava rock, described in Figure D2.4, are called
pioneer species.
Pioneer species—ferns, lichens, mosses, and some
bacteria, etc.—pave the way for more complex organisms as
their life processes change the original habitat. For example,
bacteria and lichens produce acids that break down the rock.
Minerals are released to provide areas that trap water. Mosses
can then grow in the sparse soil made by lichens and they
trap dust and water against the rock. The dead bodies of
lichens and mosses add material to the soil when they decay
and become the organic component of soil called humus.

Figure D2.4: Lichens thrive while growing on glacial rocks.

pioneer species: simple and hardy plants that first invade or
colonize barren ground and change the environment to support
more complex life forms
humus: the organic component of soil created from the
decomposed bodies of organisms

Investigation
Succession on Land
Purpose
You will determine if there is a difference in the characteristics of
plant seedlings grown in potting materials exposed to succession
(and that have humus), compared to seedlings grown in pre-succession
potting materials.

Science Skills
� Performing and Recording
� Analyzing and Interpreting

Prediction
Read though the entire procedure.
1. List the variables, in addition to the amount of potting material and water, that you will need to ensure accurate
results.
2. State the substrate—potting mix—you think will produce seedlings with the best appearance. Support your answer.

Materials
•
•
•
•
•

4 equal potting containers
approximately 15 tomato seeds (or other garden seeds)
potting materials—garden soil, clay, sand, and rock chips
water
bright, well-lit location

Procedure: Setting Up Your Succession Garden
step 1: Fill four containers with equal amounts of different types of potting materials—sand, clay, garden soil, and rock
chips.
step 2: Plant three tomato seeds (or other garden seeds) in each container.
step 3: Water each planted container with an equal amount of water that sufficiently wets the potting material. Continue
to water the containers in equal amounts at consistent intervals throughout the experiment’s length.
TIP: For the purpose of this investigation, consider complete
germination to be two visible and completely open leaves on a seedling.
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Succession Begins

Date

Sand

Clay

Garden Soil

Rock Chips

Analysis
3. Which potting material produced seedlings with the fastest germination?
4. Which potting material produced seedlings with the greatest height and vigour?

Evaluation
5. If you repeated this investigation with seeds from a hardier plant, how would you modify the design of this experiment
to produce more reliable data? Identify the reasons for the changes you would make.
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Figure D2.5: The process of boreal forest succession is continuous.
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Once enough humus-rich soil is produced by the
pioneer species, the habitat is ideal for grasses to grow.
Grass roots bind and protect the soil and work their
way into cracks, breaking apart the underlying rock
even further. The taller grass plants shade the moss that
grows closer to soil level—this causes the mosses to
die off and results in a meadow. In this progression, the
grasses have replaced or succeeded the lichen and moss
communities. The process of succession in northern
Alberta’s boreal forest continues as broad-leaved shrubs
succeed grasses, deciduous trees follow shrubs, and
coniferous trees succeed deciduous trees. The final,
stable community produced through the process of
succession is called a climax community. The
change from bare rock to the end product of a
climax community can take thousands of years.
Once reached, a climax community remains
stable until there is an ecosystem disturbance.
Different species make up the climax
community in different climates. In an ecosystem
like Alberta’s southern prairies, grasses are
the climax community. In an ecosystem like
Arizona’s Sonoran Desert, even the resilient and
distinctively tall saguaro cactus needs to begin
climax community: the stable community
growing in the shade of a shrub.
that results from the process of succession

aspen,
black spruce,
jack pine

Succession Continues

exposed
rocks
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step 4: Make an observation table and, if possible, daily observe and record any germination (sprouting) of seeds
for about two weeks. Make notes on your table about the quality of seedlings, including the relative height of
seedlings and the number of leaves. Your table will require approximately 14 rows.

Researching Primary Succession on Mars
Background

Science Skills

Could people live on Mars one day? Some people have
proposed that future missions to the red planet should
include the introduction of hardy pioneer species so
that these organisms can begin to change the planet’s
raw soil and prepare it for more complex organisms
and, eventually, human colonization. One challenge to
overcome is the unfavourable abiotic conditions that
exist on Mars.
The process of transforming a planet to be more like
Earth has been called terraforming. Some scientists
are even researching what kind of bacteria would make
good candidates for the first Earth life form to pioneer the
colonization of Mars.

� Analyzing and Interpreting

Research Activity
Using the Internet and/or other resources,
determine answers to the following questions.

Figure D2.6: A robotic probe gathers data from Mars.

1. What are some of the major obstacles to the terraforming of Mars?
2. What would be some of the particular challenges these first species would have to
overcome in terms of abiotic conditions on Mars?
3. Are there some ethical, societal, or scientific concerns with the idea of terraforming? If so,
what are they?

terraforming:
the process of
transforming a planet
to be more Earth-like

4. After completing your research, perform a risk-benefit analysis to determine if terraforming Mars is worth the
investment of time, money, and other resources.
5. Use the results of your risk-benefit analysis to decide if terraforming Mars is a project you would support.

Aquatic Succession
Succession happens both on land and in aquatic ecosystems.
When water from rain and run-off first collects in a ground
depression, called a basin, it is poor in nutrients (e.g.,
nitrogen). A basin could be formed in many ways. For
example, the crater left by the impact of an ancient meteorite
fills with water, or a farmer digs a dugout for her cattle. The
lifeless water of the dugout is soon colonized by algae, which
will provide food for other organisms. Frogs, salamanders,
and insects will lay their eggs in the dugout. Seeds and fish
eggs might find their way to the dugout by being attached to
body parts of a bird that visits the dugout.
The sediment from run-off that drains toward the dugout
Figure D2.7: Succession occurs in aquatic ecosystems.
and the decomposing bodies of the dugout inhabitants will
add to the dugout’s bottom layer. This creates an aquatic soil that provides aquatic plants with a place to anchor and grow.
As the sediment continues to be created, the dugout slowly gets smaller in diameter and becomes shallower.
Later, along the water’s edge, you will see plants, like cattails and reeds, begin to grow. Increased vegetation could turn
the area into a marshy bog. At this stage, the transition from an aquatic ecosystem to a terrestrial ecosystem has begun.
Plants from the surrounding ecosystem will begin to grow in the bog and increasingly transform the aquatic environment
into surroundings that look more terrestrial.
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Investigation
Aquatic Succession
Background
Primary succession happens very slowly. It would be impossible to carry
out an experiment to observe all the succession stages from bare rock
to a climax community and get the results during the span of one science
course. However, you can simulate some succession stages by using a small
experimental model.

Science Skills
� Performing and Recording
� Analyzing and Interpreting

Purpose
You will determine the changes in population and the stages of succession that can be observed in a body of water over
a short time period.

Prediction
1. Read though the entire procedure. What differences do you think will be observed between the two flasks?

Materials
•
•
•
•
•

2 Erlenmeyer flasks with rubber stoppers
distilled water
plastic cling wrap or closed rubber stoppers
latex gloves
2 eyedroppers

•
•
•
•
•

compound microscope
microscope slides and coverslips
methylene blue stain
quieting solution
small amount of mud from a local pond, slough, or stream

Procedure
Your teacher may prepare steps 1 and 2 ahead of time.
step 1: Partially fill two small flasks with distilled water and cover them. Covering the flasks will prevent evaporation
and the entry of unwanted pioneers into your microhabitats. You have now created two mini-ponds where
succession is ready to begin.
step 2: Choose one flask to act as a control. In the other flask, simulate pond succession by adding a small amount of
soil and vegetation, or even water from a local pond. Ensure you re-cover or re-stopper the container. Place both
containers in a well-lit area (e.g., a window sill).

It is important to wear latex gloves and to use proper techniques in the next
steps because the succession flask may contain harmful bacteria such as E. coli.
step 3: Make an observation table and, if possible, daily observe and record any apparent overall changes in the two
mini-ponds. Add as many rows as necessary.
Control Flask

Date

Physical
Changes

Number of Types
of Organisms
Observed

Succession Flask
Number of
Organisms
Observed

Physical
Changes

Number of Types
of Organisms
Observed

Number of
Organisms
Observed

step 4: Once you have made your overall daily observation, remove a sample of water from each mini-pond by using an
eyedropper. Prepare a microscope slide of each sample. Be careful to use a separate dropper for each flask to
avoid cross-contamination. Add some methylene blue stain to the slide to better see any organisms. For better
observations, a quieting solution may be used to slow down swimming micro-organisms.
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Analysis
2. Did you observe any physical changes in the mini-pond during the investigation?
3. Was there a noticeable change in the number of organisms present in your mini-pond? Describe the changes.
4. Were you able to notice a change in the types of species present?
5. Was there any invasion of species into your control flask? State a possible reason or explanation for the presence of
organisms in your control.

Evaluation
6. Does this experiment accurately simulate the process of succession? Describe changes to the experimental design that
could be incorporated if this experiment were to be repeated.

2.1 Summary
Primary succession occurs in places where soil has been removed or where it never existed. This process continues as one
community succeeds another until a stable climax community is reached. Since primary succession is a very slow process,
it can take thousands of years to go from bare rock to a climax community. The first group of hardy species to grow or live
in an area is called a pioneer species. These species play a particularly important role because without them soil would not
be created for more complex plants and the organisms that follow. Primary succession also occurs in aquatic ecosystems and
produces its own distinctive climax community.

2.1 Questions
Knowledge
1. Why do you think scientists chose the term pioneer species for certain
organisms? What characteristics do these pioneer plant species possess
that allow them to be categorized as pioneer species?
2. List the benefits that a pioneer species would experience.
3. Place the following stages in the correct order in which they would
be observed during primary succession: deciduous trees, bare rock,
grasses, lichens, deep humus-rich soil, coniferous trees, mosses,
shrubs, thin soil.
Applying Concepts
4. Examine the photo in Figure D2.8.
a. State an event that might have caused the soil to be removed in this
habitat before primary succession began.
b. List the stages of succession that you can see in the photograph.
Refer to the diagram of succession shown in Figure D2.5.
c. State a reason why the area in the rock cracks seems to be at a later
stage of succession than the area on top of the flat rock.
d. Identify which organisms in this photo would be most productive in
terms of capturing energy from the sun to carry out photosynthesis.

Figure D2.8: Stages of succession can be seen in this
photograph.
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step 5: View and compare the two slides using the compound microscope. Record on your observation table the sightings
of any organisms that you find. You may even want to sketch the new inhabitants of your mini-pond on your table.
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2.2 Secondary Succession

Figure D2.9: Helicopters often play major roles in dousing forest fires.

A helicopter with a cargo of brave firefighters circles close to a blazing forest fire. The inferno has been burning for weeks in
the unusually hot spring weather, and no rain is forecast for many days. Nearby homes have had to be evacuated. The cause of
the fire is uncertain—perhaps it was lightning or careless campers. Thousands of hectares of thick coniferous forest have been
charred, which means valuable timber and animal habitat have been destroyed. A forest fire is an awesome destructive force.
Recall your work with biogeochemical cycles in Chapter
1. If you visited the blaze site even just a few months later,
you should not be surprised to see lush, green shoots in the
blackened ground. You might see deer and other herbivores
taking advantage of the soil’s higher nitrogen content by
grazing on the tender new vegetation. Since the soil was
not removed, the process of succession in a burned-out area
proceeds much more quickly.
In the following year the area would continue its rapid
change and you might find yourself standing in a grassy
meadow with bright purple fireweed growing as tall as your
waist and lodgepole pine seedlings just beginning to poke
their way through the ground. In this meadow, only a few
Figure D2.10: Succession in a burned-out area is highlighted.
blackened poles would serve as a reminder of the inferno.
A forest fire can be both destructive and regenerative.
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secondary succession:
the return in stages to a
stable climax community
from an area that has
had its vegetation—but
not its soil—removed

Investigation
Observing Primary and Secondary Succession
Purpose
You will find evidence of succession in and around your local area.

Procedure

Science Skills
� Performing and Recording
� Analyzing and Interpreting

step 1: Take a walk around your school grounds, around a parking lot, around the block, or to a nearby park or forest.
Your teacher may have a route planned for you or may assign the first two steps of this procedure for homework.
step 2: While you walk, look for any examples of primary and secondary succession. This could include plants growing
through cracks in the sidewalk, an empty lot overgrown with weeds, or mosses and lichens growing on objects.
Create a map of your walk, and record where you observed the different types or stages of succession. You may
want to make more detailed sketches from the different succession evidence you find.
step 3: Share with your classmates an example of primary succession and one of secondary succession that you
observed on the field study.

Analysis
1. Using examples from your walk, explain what impact people have on the process of succession in your community.
2. List at least three possible ways that you directly affect the succession process in your community.
3. Describe any collected evidence that demonstrates succession directly occurring on houses or buildings observed on
your walk.

Extension
4. Picture an area of lawn on the school grounds. Can you find any examples of succession there now? How would the
lawn look different if it were not maintained for five years? How about after 10, 50, and 100 years?
Use the following information to answer questions 5 and 6.
This temple in Figure D2.11 was part
of a great Mayan city found in presentday Central America. It is estimated that
thousands of people lived in the city more
than 1000 years ago. This site would have
been considered sacred by those people.
5. a. Infer some of the things that the
Mayans would have done to the site
around the temple to support such a
large city.
b. How has the process of succession
changed what the Mayans did to the
area?
6. Prepare a representation of what your
Figure D2.11: At one time, thousands of people lived around this Mayan temple.
community would look like if it was
abandoned for several hundred years and natural succession was allowed to take place. You can present your project
as a poster, diorama, model, computer presentation, or some other suitable form.
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The progression to a climax community after a disturbance that does not remove the soil is
called secondary succession. If the soil has not been removed, the area can often be quickly
colonized by plants that are more complex than lichens and mosses. Secondary succession occurs
quickly in the freshly tilled soil of a garden. If not maintained, the garden will soon be overrun
with grasses and weeds that grow quickly in the soil. Soil presence makes a secondary succession
process much faster than a primary succession process, but the end result is the same: the
development of a climax community.
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Secondary Succession in National Parks
For most of the last 100 years, forest fires have been strictly
controlled in most of Alberta’s provincial parks and Canada’s
national parks. Forest fires caused by lightning strikes, by
sparks from passing trains, or by humans were quickly put
out to preserve the climax communities of these parks. As
a result of human intervention, the climax community of
conifers expanded to take over the parks to a greater degree
than might naturally be found. The density of thick tree
growth provided even more fuel available to be burned—this
resulted in more massive and dangerous fires. Larger areas
of coniferous forests also meant that grazing deer and elk
had fewer grassy meadows to feed in. A number of animal
species in parks were inadvertently threatened because of
policies that were designed to preserve the majestic habitat.
Researchers have found that First Nations people living
in the area practised controlled burning of forests. They did
this to promote the growth of meadows for medicinal
plants and berries, and for vegetation to attract
deer and elk so they could hunt these
animals. An analysis of tree rings from
these traditional areas shows regular
burn scars. The burn scars observed
occurred during wet months when
Figure D2.13:
natural fires were unlikely to
Prescribed burns
have ignited by natural means.
have been used to
maintain plant and
This evidence has led researchers
animal diversity.
to hypothesize that these people
encouraged these blazes.
Park officials have discovered that
to maintain plant and animal diversity,
they could manage the forest ecosystem
by mimicking practices similar to those
of First Nations people who helped shape the
park ecosystem. For example, human-made fires—
prescribed burns—have become a practice in Elk Island
National Park. Controlled burns have been used to benefit the
park’s elk and bison populations by creating new grazing areas.

Practice
Use Figure D2.14 to answer the following questions
about the town of Banff and Banff National Park.
1. Where are the open areas that would be good for
grazing elk and deer? What problems can you
predict might occur in Banff due to a lack of wild
meadows for grazing elk and deer?
2. Given that thick evergreens grow right up to the
edge of town, how would the community of Banff
be affected if a large, uncontrolled fire broke out
in Banff National Park?
Figure D2.14: Banff townsite and its surrounding area is highlighted.
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Figure D2.12: The climax communities of conifers have expanded in Canada’s
national parks.

Alberta’s forests are an extremely important resource. The
forest industry creates jobs and essential products that range
from lumber for building homes to the paper and pencils you
take notes with. Alberta’s forest industry is responsible for
the generation of about $8 billion each year.
When trees are harvested, companies are required by law
to participate in reforestation programs within two years
of harvesting the trees. Many ecologists argue that some
reforestation practices interfere with naturally occurring
secondary succession because replanted trees lack the
biodiversity of the natural forest.
You can learn about forest harvesting practices in Alberta
in the next activity.

Figure D2.15: Alberta’s forest industry is worth about $8 billion annually.

Utilizing Technology
Forest Harvesting
Purpose
You will use the applet called “Forest Harvesting” on the
Science 20 Textbook CD to investigate different methods of
harvesting trees from Alberta’s forests.

Science Skills
� Performing and Recording
� Analyzing and Interpreting

Procedure
step 1: Copy a large, full-page version of the following summary table into your notebook.
step 2: Use “Forest Harvesting” to complete the table by recording point-form notes under each heading after watching
the applet.
Forest
Harvesting Method

Description
of Method

Advantages
of Method

Disadvantages
of Method

selection cut
clearcutting
shelterwood cut
seed tree cut

Analysis
1. Determine which method of forest harvesting causes the least damage in terms of habitat fragmentation and
habitat destruction.
2. Determine which method of forest harvesting causes the most damage in terms of habitat fragmentation and
habitat destruction.

Sustainable Development
There is a debate within the province of Alberta regarding
sustainable development: development that meets the needs of
techniques of harvesting forests. At issue is whether these
the present without compromising the needs of future generations
techniques balance economic progress with the need
for environmental protection and stability. Many environmentalists would say that some harvesting techniques, such as
clearcutting, are not following the principles of sustainable development.
Representatives of the forest-products industry claim that in stands of trees like lodgepole pines, clearcutting is a sound
practice because lodgepoles need light and disturbed soil to regenerate a new forest.
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Forest Harvesting Practices in Alberta
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As you dicovered in Chapter 1, differences between ecological and economic systems are the sources of many disputes
over land use in Alberta. Few topics can spark as much debate between the groups of people supporting each of these systems
as clearcutting. In the next set of questions you will explore this issue from several points of view and research the latest
findings on this topic.

Practice
3. Consider the following list of stakeholders. Concisely describe the point of view that each stakeholder
might have about the practice of clearcutting in an area close to where the stakeholder lives.
a.
b.
c.
d.
e.

a logging company truck driver
an environmental protection group
a pulp and paper mill owner
a First Peoples group
a supporter of the deer population

4. Use the Internet or other resources to research forestry practices in Alberta and to answer the
following questions.
a. Describe the climax community in Alberta’s boreal forests.
b. A volume of new growth is added to Alberta’s forests every year. Meanwhile, another volume of
Alberta’s forests is harvested every year. Compare these values.
c. Identify what circumstances make clearcutting a favourable option for the forest industry.
d. Determine the number of jobs in Alberta dependent on the forest industry.
e. How effective or desirable is the practice of replanting trees into clearcut areas?
f. List some environmental effects of clearcutting.

Finding Common Ground
Many consumers are demanding forestry companies adopt policies that reflect sustainable development.
This means that companies can only harvest amounts of wood that forests can provide
on a long-term basis. This also means that companies conserve soil and water
quality and protect wildlife habitat, as well as protect rare plants and animals.
To meet this need, many retailers are selling only wood products certified
by the non-profit Forest Stewardship Council (FSC). Forestry companies
that use extensive clearcutting techniques cannot become FSC certified.
Other certification programs are being developed that address the
ecological concerns of consumers. Many companies in the forest
industry have embraced the notion of some kind of certification
process because they are already practising sustainable
development, and certification helps to make this
information known to the public. Some people within
the forest industry see certification as a competitive
edge over non-certified competitors. It is also
viewed as a genuine way to improve public
relations with environmentally conscious

Figure D2.16: Furniture made from wood is
popular for many shoppers.
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5. In Chapter 1 you read that there are fundamental differences between the economic system and the ecological
system. Concisely explain how initiatives like FSC certification attempt to build links between these two systems.
6. Suppose you are shopping for some new apartment furniture. You happen to notice that one retailer sells only
furniture made from wood supplied by FSC-certified forestry companies.
a. Rank the importance of the following factors when making your furniture purchase: price, selection, convenient
location, and FSC certification.
b. Suppose a majority of consumers start insisting that the wood products they purchase be FSC certified. Suggest
how this might affect the forest industry.

Summarize Your Learning: Succession on Display
Use images from the Internet, from a camera, or from a sketch pad to develop a series of images that illustrate the
different stages of succession in your area. Label each image with a description of the succession stage, and describe
the dominant species shown in each stage. Create a portfolio or poster for a class display.

2.2 Summary
Secondary succession occurs where soil already exists and, therefore, is much faster than primary succession. In this case,
species like lichens and mosses are not required to create soil, so secondary succession on land begins with grasses and
broad-leaved plants. In northern Alberta the end result of both primary and secondary succession is a stable climax forest,
whereas in southeastern Alberta, the climax community is prairie grassland.
Any disturbance of an ecosystem can set in motion the process of secondary succession. In moderation, forest fires and
other natural disturbances that begin secondary succession serve as means to promote species diversity in an ecosystem and
regenerate ecosystems.

2.2 Questions
Knowledge
1. The results of primary succession and secondary succession are the same—both result in the development of a climax
community. Why is secondary succession a faster process than primary succession?
2. Other than forest fires and logging, list at least three other disturbances that could cause secondary succession to begin.
Explain how each of these disturbances could lead to secondary succession.
Applying Concepts
3. Many species of pine trees require intense heat from a fire so their cones will open fully and release the seeds inside.
Explain how cones opening in response to intense heat provides some pine species with an advantage.
4. Monoculture is a term used to describe reforestation projects that replant a single species of desirable tree into logged,
clearcut areas. Describe how reforestation projects change both species diversity and the direction of secondary
succession.
5. Consider the following scenario. Eduardo accidentally spilled a litre of gasoline on his lawn while filling up his
lawnmower. The affected grass turned yellow and died. Despite Eduardo adding fertilizers, raking away the dead grass,
and planting new grass seed, in the following year only clover and dandelions grew in that spot. In terms of succession,
explain what Eduardo has done.
6. In the Amazon rain forest, tree roots and other plants hold the thin soil in place. When a section of rain forest is clearcut,
heavy rains wash away much of the topsoil. Using what you learned about the processes of primary and secondary
succession, explain why—in terms of sustainability—deforestation is a topic of greater concern in a rain forest than it is in
a boreal forest.
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2.3 Populations

Figure D2.17: Many Roman ruins are still standing.

If you were to go back in time and visit Rome 2000 years ago at the height of its empire, you would see a huge, advanced
city. As this great capital grew and became the first metropolis to reach a population of one million people, so too did its need
for resources. Aqueducts were built to bring in water, land was cleared for farms, culture expanded, and wars were fought
elsewhere to gain control of enough food and other resources. For example, the Romans conquered Cleopatra’s Egypt because
of Egypt’s ability to produce large quantities of grain.
However, the size of Rome caused problems: the city experienced overcrowding, there were outbreaks of disease, and
huge fires destroyed sections of the city. The ever-growing need to supply water, food, and other resources to support its
population stretched Rome’s resources. There were repeated invasions and food shortages. Rome was not able to sustain itself
as a city. As a result, both the city and its empire shrank in size and power to a population of only 20 000 people as the period
of history called The Dark Ages began. Cities would not again reach the size of Rome until the Industrial Revolution of the
1800s, when London’s population grew to 1.5 million people.
Continual advances in health technology and improved nutrition mean that people of your generation will—on average—
suffer from fewer diseases, grow taller, and live longer than their parents. Technological advances, such as vaccines and
pesticides, have enabled the human population to increase in numbers at an enormous pace. Cities of a million or more people
are now common on all populated continents.
As the worldwide human population grows, people will soon face even greater problems meeting the demand for
resources than the ancient Romans did. What modern examples can you think of where shortages of resources have caused
increasing evidence of wars, disease, and famine? Do you think the human population can continue to grow at its current rate
without a Roman-like decline?
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Graphing Populations
Year

Canada
(millions)

Alberta
(thousands)

1901

5.4

73

1921

8.8

588

1941

11.5

796

1961

18.2

1332

1981

24.3

2238

2001

30.0

2975

Science Skills
� Analyzing and Interpreting
Purpose
You will create line graphs to show how the populations
of Alberta and Canada have changed in the past 100
years.

Materials
You may generate the graphs using a pencil and graph
paper, a graphing calculator, or a spreadsheet.

Procedure
step 1: Set up the axis of each graph so that Year is
on the horizontal axis and Population is on the
vertical axis.
step 2: Plot the data and draw best-fit curves.

Analysis
1. A quick glance at the data table might lead you
to the mistaken conclusion that the population of
Alberta is and was larger than the population of
Canada. Identify the source of this error.
2. Describe the trends for overall population for both
Alberta and Canada.
3. List similarities between the two population graphs
you created. List some differences.
4. Infer some possible reasons for the large increase
in the number of births, called the baby boom, in
Canada during the period from the mid-1940s to the
mid-1960s.

Figure D2.18: Many types of bacteria reproduce rapidly.

Counting the number of individuals is not limited to people
living in cities or countries. In biological terms, the total
number of a certain species found in an area at a particular
time is called a population.
Studying the populations of other organisms can help you
understand human population trends. Many types of bacteria
reproduce rapidly and, therefore, make good populations
to study. Bacteria are simple organisms that reproduce by
dividing into two new cells
doubling time: the amount of
after they have reached a
time it takes for a population to
certain size. If you placed
double its size
one bacterial cell in a
exponential growth: the rapid
test tube with plenty of
growth in population caused
by a constant increase
nutrients, along with ideal
exponential curve or J-curve:
temperatures and moisture,
the distinctive shape of the
the cell would divide and
graph for a population that
become 2 cells after a
is regularly increasing and
growing exponentially
certain time. The 2 bacterial
cells would soon both
divide, giving you a test tube population of 4 cells. Four cells
become 8 cells, 8 become 16, 16 become 32, and so on. The
amount of time it takes for a population to double is called
the doubling time. The rapid increase caused by constant
doubling—noted with the bacteria population—is called
exponential growth. You will see why this trend is called a
J-curve in Practice questions 7 to 11.
When you graph the data for a population that regularly
increases without restriction, the shape of the line is called an
exponential curve or J-curve.

5. Are the growth rates for Alberta’s and Canada’s
populations a cause for concern? Support your
answer.
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Practice
Use this table to answer questions 7 to 11.
Time (min)

0

20

40

60

Number of Bacteria

1

2

4

8

7. a.
b.
c.
d.

80

100

120

140

Copy and complete the table in your notebook.
Use your table to plot the points on a graph with time on the horizontal axis.
Connect the data points on your graph with a smooth curve.
Explain why this graph is called a J-curve.

8. Determine the doubling time for the data in this table.
9. Estimate the number of bacteria in the population after 12 hours.
10. List the factors that would allow the bacteria population to grow exponentially.
11. List factors that would eventually prevent the bacteria population from
continuing to grow exponentially.

Factors Affecting Populations
The number of individuals in a population is affected by four major factors:
the number of births, the number of deaths, immigration (movement into
the population), and emigration (movement out of the population). In
a population living in artificial conditions, like a laboratory test tube of
bacteria or a fenced game preserve like Elk Island National Park, immigration
and emigration do not occur. Only the number of births and deaths affect a
population’s overall size. A population affected only by the number of births and
deaths is called a closed population. Closed populations are different from most natural
populations, or open populations, because open populations can be affected by all four factors.
closed population: a group of organisms that exists in a natural or artificial setting where
immigration and emigration do not occur, and numbers are only affected by births and deaths
Figure D2.19: Population numbers,
including those of elk, can be
affected by four major factors.

open population: a group of organisms that exists in a natural setting where births, deaths,
immigration, and emigration affect the population numbers

Practice
12. Describe what effect the following changes would have on the size of an elk population.
a. The number of births and the number of immigrants into an area are greater than the number of deaths and the
number of emigrants out of an area.
b. The number of deaths and the number of emigrants out of an area are greater than the number of births and the
number of immigrants into an area.
c. The number of births and immigrants are equal to the number of deaths and emigrants.
Use the table information to answer questions 13 to 17.
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Year

Initial Size

Number of Births

Immigration

Number of Deaths

Emigration

2000

100

15

1

10

1

2001

105

16

1

10

3

2002

109

17

2

11

2
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14. Calculate the population change for the year 2000.
15. a. Determine the total number of individuals added to this population in the three-year study.
b. Use the answer to question 15.a. to calculate the average annual population change for the three years shown in
the study.
16. Assuming the average annual population change remains constant, the predicted size of the population in 2010
would be
organisms.
17. Is the growth pattern described in these questions an example of exponential growth?

Population Explosions and Population Crashes

gro
wth

on
en
tia
l

Number of Individuals

crash

Imagine that two pairs of rabbits are introduced to a small island.
Exponential Growth
The rabbits feed on vegetation, which is also eaten by insects and a
few small birds. No predators eat the rabbits. In this situation, the
closed rabbit population grows exponentially. Sudden exponential
growth is called a population explosion. However, vegetation cannot
grow quickly enough to keep up with the amount of grazing from
the large rabbit population. The rabbit population overwhelms the
island’s resources, and the rabbits soon run out of food. The resulting
starvation causes the population to drop suddenly and dramatically.
p
A rapid drop in population size is called a population crash.
ex
Caterpillars, rodents, and insects are other organisms whose
populations regularly go through explosion and crash cycles of
exponential growth followed by a crash in numbers.
Time
In 1859, 24 rabbits from Europe were introduced to Australia. The
slow-breeding native marsupials, such as wombats and kangaroos,
could not successfully compete for food with the quick-eating
rabbits. The non-native rabbits had few natural predators. As a result
of these conditions, the rabbit population in Australia increased exponentially. Biologists state that Australia witnessed the
fastest colonization by any mammal anywhere in the world. This phenomenon of rabbit growth in Australia was dubbed the
grey blanket.

Practice
18. Identify the term for a species that does not normally
live in an area but is introduced by human action and
expands to become a threat to an area’s biodiversity.
19. Provide two possible reasons for the introduction of
the rabbit to Australia.
20. Explain why a crash occurred for the imaginary
rabbit population on the island but has not occurred
in Australia’s rabbit population.
21. Predict the environmental and economic effects of
a continued increase in the population of rabbits in
Australia.
22. One possible solution to the rabbit problem is
the introduction of a natural predator, such as the
lynx, to control the rabbit population. Evaluate this
solution from a variety of perspectives.

Figure D2.20: A closed population of rabbits can grow exponentially until a
population crash occurs.

23. Describe other methods, apart from the introduction of predator species, that could be used to limit the size of
Australia’s rabbit population.

Chapter 2: Changing Populations

485

Science 20 © 2006 Alberta Education (www.education.gov.ab.ca). Third-party copyright credits are listed on the attached copyright credit page.

13. Determine whether the data represents an open population or a closed population.

The exponential growth of a population cannot continue
forever. For many organisms, factors such as disease,
predators, natural disasters, and competition for resources
(including light for plants) help limit the size of a population
before it surpasses its carrying capacity.

S-Curve Growth
Number of Individuals
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Carrying Capacity

Malthus expressed his concern that while the human
population was growing exponentially, the amount of food
produced was not. He predicted that shortages of food and
resources would cause famine and war. Malthus might be
surprised to see that the human population has doubled
several times without a drastic crash.
Malthus was not able to account for the impact of science
and technology that has enabled greater food production
and an increase in the human population’s doubling time.
Few people predict that the human population will continue
to grow in its present pattern, but will Malthus prove to be
correct or will people reach a carrying capacity and level off
into an S-curve?

carrying capacity

Practice

Time
Rather than experiencing a population crash and
beginning to rise exponentially again, most populations
level off at a size that defines the carrying capacity for an
ecosystem. The graph of a population being limited by these
factors looks like an S-curve, rather than a J-curve.
carrying capacity: the maximum number of individuals that
can be sustained for an indefinite period in a given ecosystem
S-curve: the distinctive shape of the graph for a population
limited by factors such as disease, competition, and famine

Thomas Malthus
Many of the factors that affected natural populations
were identified and described by Thomas Malthus.
In 1789, Robert Thomas Malthus published a
famous and controversial theory called Essay on
the Principle of Population. This essay stated that
there are natural checks and balances in nature—like
famine and diseases—that keep population numbers
constant. In unchecked populations, the growth will
exceed the amount of food available and a crash in
numbers will occur.
24. Identify the main message the cartoonist is trying
to get across in each of these cartoons. In each
case, select details from the cartoon to support your
assessment.
Figure D2.21: Thomas Malthus wrote an
essay on the natural checks and balances
that keep population numbers constant.
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Populations are affected by four major factors: births, deaths, immigration, and emigration. A population affected only by the
number of births and the number of deaths is classified as a closed population, whereas a population that also experiences
immigration and emigration is considered to be an open population. When organisms are introduced into a new area, their
population growth often becomes exponential. This exponential growth—represented graphically as a J-curve—results in
either a crash as resources are depleted or a levelling off at the carrying capacity, which is represented graphically as an
S-curve. The fact that the human population is growing exponentially is causing concern about the supply of resources.

2.3 Questions
Knowledge
1. Demonstrate the essential features of exponential growth by constructing a simple graph that illustrates its key features.
2. Use examples to distinguish the differences between a closed population and an open population.
3. Sketch and label a graph to illustrate the idea of a population boom followed by a population crash.
Applying Concepts
4. Describe some of the effects on your area’s environment caused by the process involved with obtaining and/or using
natural resources to produce products for large and growing populations.
5. You buy a sea monkey kit—actually, brine shrimp—and set it up. In a few days, the eggs have hatched and the tank is
teeming with at least 50 swimming creatures. You follow the directions and feed them exactly the same amount of food
every few days. After a week you have only ten large living sea monkeys and many dead sea monkeys are scattered on
the tank’s bottom. The next week the population is back up to 70 sea monkeys. A few weeks later there are only about ten
adult sea monkeys again. The cycle of population size repeats itself.
a.
b.
c.
d.

Is the population of sea monkeys an example of a closed or an open population?
Use the observations made to estimate the carrying capacity of the tank.
List some of the limiting factors that affect the population of sea monkeys.
Describe a change that could increase the carrying capacity of the sea monkey population.

6. In Chapter 1 you were introduced to some differences between the ecological system and the economic system. Yet
another difference concerns ideal patterns of growth. In economic systems, the ideal situation is continual growth—each
year production and profits are supposed to increase above previous levels.
a. How does the ideal model of economic growth in ecological systems differ from the ideal model of population growth?
b. Explain what eventually happens to populations in ecological systems that attempt a model of continual growth.
c. Given that the economic system depends upon the ecological system for raw materials and the storage of wastes, is the
model of perpetual economic growth sustainable?
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2.3 Summary
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2.4 Adaptations

Figure D2.22: A snail moves by creeping on a single “foot” located under its body.

If you’ve ever gone backpacking, you know how difficult it can be to carry your tent, sleeping bag, and other supplies on your
back. This may help you appreciate snails—they carry their shelter on their backs all the time! What is even more remarkable
is that snails hike around on just one foot. The band of muscles in the “foot” expand and contract in a rippling movement that
propels the snails forward.
Despite being the origin for terms like “a snail’s pace,” these little animals have many interesting characteristics. For
example, a snail’s eyes are located on the top of its tentacles. Many land snails have an additional pair of tentacles equipped
with sense organs that help them locate food. Once food is found, it’s mashed between a hard ridge on the roof of the mouth
and the tongue. What makes this extraordinary is that a snail’s tongue contains from hundreds to thousands of tiny teeth.
Since most snails prefer a moist environment, snails in
Alberta are found in freshwater ponds, lakes, streams, and
creeks. If you’ve gone swimming in one of these places,
you may have seen some freshwater snails. The five thermal
springs on Sulphur Mountain form the only habitat for the
Banff Springs snail, which is the most endangered species
in Banff National Park. These snails are only found in these
locations because they depend upon a steady supply of
thermal spring water, which has a high mineral content and
sufficient hydrogen sulfide.

Figure D2.23: The Banff Springs snail has a limited habitat.
Mark & Leslie Degner
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25. Identify the proper term to describe a group of organisms, like the snails in Figure D2.23, which exist in a setting
where immigration and emigration do not occur and numbers are affected only by births and deaths.
26. The Banff Springs snails are only about 5 mm long and live near the water’s surface at the thermal springs. These
tiny animals can be found clinging to rocks, branches, and leaves. Describe how people bathing in the water of the
thermal springs could adversely affect this fragile population of snails.

A Wonderfully Beautiful and Delicate Architecture
In other parts of the world, where there is a warm and moist climate, different species of
land snails can be identified by the intricate patterns on their shells.
Snail shells like these have been admired for centuries. The combination of colours,
textures, and overall shape gives each shell its own character. Despite the artistic appeal
of a snail’s shell, these structures function as protection against predators and help to
retain moisture.
Earth has gone through dramatic changes over geological time. You have also seen
many examples of how organisms that are abundant life forms have changed throughout
Earth’s history in response to different environments. You may be surprised to learn that the
characteristics of snails have allowed them to survive in a wide variety of environments for
nearly 500 million years.

Figure D2.24: Snails can be identified
by the patterns on their shells.

Fossil Evidence of Some Abundant Life Forms on Earth Throughout Geological Time
Millions of Years Ago
Era
Abundant Life Forms on Earth

590
Precambrian

250
Paleozoic

Trilobites

Compared to the fossil evidence left by other organisms,
snail fossils are quite common because their shells tend
to be well preserved. The fact that land snails are
slow-moving and tend to be restricted to a particular
habitat is advantageous to the study of snail fossils: in one
location it’s possible to find the remains of hundreds—if not
thousands—of generations.
While exploring an outcropping of rock near a beach on
Grand Bahama Island, a paleontologist happened to notice
that snail fossils preserved in the rocks provided a wonderful
example of how snails in that area changed over a period
of about 15 000 years. In the next investigation you will
examine sketches of actual fossils from this site. You will see
how the morphology of these shells changed over thousands
of years. You will also be challenged to find patterns in the
changes that have been preserved in the fossil record.
You can find sketches of the fossils in “The Desktop
Fossil Record,” which is a handout on the Science 20
Textbook CD.

65
Mesozoic

Ammonites

Present Time
Cenozoic

Dinosaurs
Snails

Mammals

generation: a single step in the line of descent—grandmother,
mother, and daughter represent three generations
morphology: the detailed shape and form of an animal
fossil record: the record of all life on Earth as preserved by all
fossils that exist, whether dug up or still in the ground
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Investigation
Investigating the Fossil Record: Plotting Changes Over Time
Purpose

Science Skills

You will work with a team of students to develop a chart to show how
� Performing and Recording
the shells of land snails found in a rock outcrop have changed over
� Analyzing and Interpreting
time. The fossil record is not an easy thing to interpret—just like real
�
Communication and Teamwork
fossils, the ones you’ll be using from “The Desktop Fossil Record” lack
definition. It is essential that you discuss any differences of opinion
encountered within the group. Try to reach a consensus. Once you have
completed your chart, you will display it alongside the charts completed by other groups.

Materials
•
•
•
•
•

handout of “The Desktop Fossil Record” on the Science 20 Textbook CD
scissors
transparent tape
coloured pencils
large piece of poster paper or Bristol board (at least 60 cm ¥ 50 cm)

Background
An outcropping of rock has recently been exposed on Grand Bahama Island.
Several layers of fossils have been exposed. The fossils, arranged in the same
layers where they were found, have been replicated on a separate sheet of paper
known as “The Desktop Fossil Record.” The top layer (closest to the surface) is
labelled 1, and the oldest layer is labelled 5.

Procedure

Figure D2.25: The shells of land snails are used
for protection.

step 1: On “The Desktop Fossil Record,” carefully colour the shells in each row a different colour (e.g., red for layer 1,
blue for layer 2, and so on). It is important to stay between the lines as you colour because you will be comparing
the shells in one layer with the shells in other layers. Messy colouring will make this task more difficult. Colour the
background behind the number of each row the same colour as the fossils in that row.
step 2: Cut out each shell and its letter as a small rectangle. Also cut out a square for the number of each row.
step 3: Place the oldest fossils, from layer 5, across the bottom of your poster paper. Place the number 5 on the far left;
then place each fossil from layer 5 in alphabetical order, equally spaced across the bottom of your poster paper.
See Figure D2.26. Since you are going to compare each shell in this row to shells in the next layer, it will be helpful
to have your shells all oriented the same way—this includes having openings at the top. When your group is
convinced that the arrangement of level 5 is satisfactory, attach the number 5 and each of the shells in layer 5 with
transparent tape.

Figure D2.26: This graphic represents a partially completed chart.

step 4: The fossils from the other four layers will be placed above layer 5 one layer at a time. You must leave some space
between the layers so the chart will fill the entire poster paper. Begin with layer 4. Paste the number 4 above the
number 5 with a space in between.
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step 6: Repeat steps 4 and 5 for layers 3, 2, and 1.
step 7: Now all shells should be attached to the chart. The next task is to add lines to show the vertical pattern of
development of a shell. The lines go from older forms in lower levels to younger forms in higher levels. The table
that follows describes how to draw the lines.
Type of Development Between Shells

Type of Line to Draw Between Shells

A shell in one layer leads to a nearly identical
shell in the next higher level.

Draw a vertical line between the shells.

A shell in one layer leads to a slightly
different shell in the next layer.

Draw a slightly slanted line from the lower
shell to the higher shell.

A shell in one layer leads to a shell in the
next layer that is only slightly similar with
some new characteristics.

Draw a more slanted line from the lower shell
to the higher shell.

A shell in one layer seems to lead to a shell in
the layer above the next one. A layer appears
to be skipped in this case.

Draw a dotted line from the lower shell to the
shell in the layer above the next one.

Example

step 8: Post your finished chart in an area that displays the finished work of the other groups. Examine the charts
produced by the other groups. Ask what criteria they used for deciding where a shell in a new layer was to be
placed. Be prepared to defend your organization of these fossils.

Analysis
1. Assume that the youngest layer, layer 1, contains fossils that are determined to be 3000 years old and that the oldest
layer, layer 5, contains fossils that are 15 000 years old. If the rate of sedimentation was constant over the entire time
it took to build all these layers, give an approximate age of each other layer.
2. How can your chart be thought of as a graph with Time on the vertical axis and Morphology on the horizontal axis?
3. Describe an example from your chart where a shell in one layer clearly did not lead to any shells in the higher layers.
Identify the proper name for the disappearance of species from a geographical area.
4. Describe an example from your chart where a long, nearly vertical line occurs that connects shells in adjacent layers.
Use your answer from question 1 to help interpret the meaning of such a line.
5. Describe an example from your chart where a dotted line seems to show that a type of snail seemed to skip over a
layer. Use your answer from question 1 to help interpret the meaning of such a line.
6. Despite the fact that each group produced a different chart, you should have noticed that shell a from layer 3 was not
very similar compared to the other samples from layer 2. Is it correct to conclude that shell f from layer 3 suddenly
disappeared? Justify your answer.

Communication and Teamwork
7. Compare your team’s chart with those produced by other groups. List the similarities and differences.
8. Given information collected from other groups, if you were to chart the fossils again, what would you do differently?
9. Posting your chart is similar to a scientist publishing her findings. Based upon your answers to questions 7 and 8, is it
possible for different scientists to interpret the same data differently?
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step 5: Take one of the shells from layer 4 and decide which of the shells it most closely resembles from layer 5. If the shell
from layer 4 is very similar to the shell in layer 5, place it vertically above the shell it matches from layer 5. If a shell
in layer 4 is only slightly similar to a shell in layer 5, shift it slightly to the left or to the right but still above the shell
it matches in layer 5. The greater the differences, the greater the amount of shift. Remember, if the shell is virtually
identical, don’t shift it at all. Not all shells in layer 5 have a corresponding matching shell in layer 4, while more than
one shell in layer 4 may match a shell in layer 5. Review the placement of shells in layer 4. Do the shells line up to
form a new horizontal row with the number 4? Is the vertical arrangement of the shells showing a similar alignment
between layers 4 and 5? When your group is satisfied with the shell arrangement in layer 4, tape this layer into place.
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Changes in Populations
As you saw in “Investigating the Fossil Record: Plotting Changes Over
Time,” the appearance of shells for a population of snails changes over time.
Changes to the shape of shells sometimes occurred gradually between layers.
Since these changes were slight, shells in the higher layer were only slightly
shifted to the left or the right. Diagonal lines were used to show the slight
changes in shape between layers. Very gradual changes within a population
are called gradualism. In some cases, major changes to the shape of the snail
shells occurred between adjacent layers. Since this more rapid change did not
occur gradually over many layers, the shells in the higher layer were shifted
a larger amount to the right or left. Horizontal lines were used to show these
transitions. Since the shells in this model may remain relatively unchanged
between layers and then suddenly diverge into forms with different shapes,
this model is called punctuated equilibrium.
The key difference between gradualism and punctuated equilibrium
is the rate of change. Gradualism explains that big changes within a snail
population are the result of an accumulation of many slight alterations
that occur over a long time. The sudden appearance of new forms with
different shapes, after a period where no change was observed, demonstrates
punctuated equilibrium.
gradualism: the theory that changes to the organisms in
a population occur slowly and steadily over Earth’s history
punctuated equilibrium: the theory that changes to
the organisms in a population can occur in rapid spurts
followed by long periods of little change

Figure D2.27:
This is a
representation
of gradualism.

Figure D2.28:
This is a
representation
of punctuated
equilibrium.

Punctuated Equilibrium and the Bighorn Sheep Population
Alberta’s Rocky Mountains are the home of the largest bighorn sheep in North
America. Hunters are only allowed to shoot rams if the animal’s horns have
curved to make almost a complete circle—a trophy sheep. The largest
and strongest male sheep are the ones with the fully-curved horns. Since
these sheep are being systematically removed from the population by
hunters, the male sheep left to breed are the smaller and weaker ones
with horns that never mature to trophy status. You can see why male
sheep in the next generations tend to have reduced body mass and
shorter horns. Hunting is inadvertently encouraging these characteristics
by removing the larger males from the population before they can breed.
Data collected over the past 30 years have confirmed these changes in
male sheep morphology. Thirty years may seem like a long time to
Figure D2.29: This combined graphic
shows a photo of a male bighorn sheep
you, but compared to geological time this is a rapid rate of change;
and a graphic revealing the criteria for a
that’s why this is an example of punctuated equilibrium.
trophy ram. It is illegal to hunt bighorn

Genetics

sheep with less curl than that noted by
the green dotted line.

Regardless of whether changes in shell appearance between the levels in your chart—as shown in Figures D2.27 and D2.28—
showed a pattern of gradualism or punctuated equilibrium, changes in the physical characteristics of snails occur due to
changes in genetic information that the organisms possess.
Subtle changes in genetic information account for the variation in traits seen within a population. These traits can be
physical, behavioural, or biochemical. Larger changes in genetic information result in the development of new species.
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The development of the scientific discipline of genetics
The DNA Molecule
has resulted in a better understanding of both how and
why the variation of a trait occurs within a population.
Each organism has two sets of genes found in each cell.
Genes determine most of an organism’s characteristics.
cell
One set of genes present in each cell comes from each of
the offspring’s parents. Genes are instructions encoded in
the larger sections of the DNA molecule that result in an
organism’s traits—they are the basic units of inheritance.
Each offspring contains one copy of genes from each
parent and, therefore, has a mixture of traits. Mixing traits
DNA
results in the many varieties of a trait seen in a population
and the variation of that trait within an entire population.
Genes are a set of instructions coded in a chemical
form—they tell an organism’s body how to look, when to
grow, and what things to make. At times, such as before
gene: the basic unit of inheritance passed from parent to offspring
cells reproduce or create sex cells, the genetic instructions
mutation: a change in a genetic instruction
need to be recopied. During this recopying of the set of
chemical instructions, mistakes can be made that result in
the gene delivering a slightly different instruction. A change in instructions from a gene is called a mutation. The change in
genetic information caused by mutations is another reason why variation occurs in a species.
In the mass media, the word mutation is often associated with images of horrible science-fiction creatures or green
superheroes; but these kinds of enormous changes rarely, if ever, happen. Most mutations are harmless and have no effect on
an individual or its offspring, but sometimes they result in harmful characteristics. Exposure to ultraviolet (UV) rays, X-rays,
radioactive substances, and cigarette smoke are all examples of things that have been found to increase the occurrence of
mutations that could result in diseases like cancer.
Mutations can sometimes be beneficial. The development of a new characteristic—or one variety of a trait—might
increase an organism’s chances for survival.

Snails Can Multiply
You can gain a deeper understanding about how a mutation might increase an organism’s chances of survival by returning to
the example of land snails you studied earlier. Up to a month after mating, two snails can produce about 100 eggs. This means
that if you start with only two snails, and none of the newly hatched snails die, in one month you will have about 100 more
snails. These newly hatched snails are quite small and take about two years to reach maturity.

Practice
27. If the original two snails bred every month for two years, determine the total number of offspring created.
28. Approximately 25 months after the original pair began breeding, the 100 snails from the first hatching would be
mature enough to start breeding.
a. Determine the number of snails that could be created by the first 100 hatchlings in the 25th month.
b. Why are there 5000 more snails created in the 26th month as compared to the 25th month?
c. According to this arithmetic, if you begin with only two snails, at the end of two years you’d have thousands
of snails, at the end of four years you’d have millions, and at the end of six years you’d have billions of snails.
Identify the factors omitted from this simplistic analysis that explain why this trend is not observed in nature.
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The Mechanism of Inheritance

Practice
29. Refer to the photographs in Figure D2.30, as well
as the illustration of the “Banded and Unbanded
Snails” as you answer this question.
a. The photograph of a forest floor shows that
this area receives very little light—this makes it
a dark environment. Which snail would have a
better chance of avoiding predators if its habitat
consisted of the leaf litter and debris on a forest
floor?

Figure D2.30: The photos show a forest floor and a grassland ecosystem.

In a stable ecosystem the population of land snails is usually
stable. This is partly because the resources needed to support
a population are limited. This means that there is a struggle
for survival among the individuals in the local population of
land snails. Only a tiny fraction of snails survives from each
generation. Snails also have to avoid predators. Predation on
snails is especially intense during the nesting season for birds
because snails are an excellent source of calcium for birds
preparing to lay eggs.

Banded and Unbanded Snails
unbanded snail:
zero bands of lighter colour

banded snail:
lighter-colour bands
on largest section of shell

b. The photograph of the grassland area shows a
more open environment where sunlight could
penetrate the ground to leave distinct shadows
from the vegetation. Which snail would have
a greater chance of avoiding predators if its
habitat consisted of the ground under tall
grasses and ferns?
Use the following information to answer questions 30
to 32.
This graph shows the distribution of shell-banding
characteristics for a snail population.

Shell-Banding Characteristics
Number of Individuals
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Camouflage for Snails

Average

0

1

2

3

4

5

Maximum Number of
Lighter-Coloured Bands

Figure D2.31: This graph shows a population
of snails in a mixed vegetation area.

An important characteristic that helps a snail avoid
predators like birds is the snail’s ability to blend into its
surroundings. As you saw in an earlier activity with
“The Desktop Fossil Record,” snails can show considerable
variation in terms of band patterns on their shells.
Researchers studying current populations of land snails have
determined that the colour and patterns of banding on snail
shells are traits that offspring
inherit from their parents.
variation: a difference in the
frequency of genes and traits
These patterns have a direct
among individual organisms
impact on the snail’s ability
within a population
to avoid being preyed upon.
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The habitat for this population of snails is an area
of mixed vegetation containing low shrubs, small
trees, and open areas of tall grasses.
30. Use the graph in Figure D2.31 to describe the most
common shell pattern found in this population of
snails.

a. Explain what advantage in avoiding predators banded snails
have over unbanded snails because the environment is entirely
composed of grassland.
b. If more banded snails survive predators, what effect will this have
on the number of banded snails seen in future generations?
c. What does the graph in Figure D2.32 suggest might have
happened to unbanded snails if there was no variation in the
population and all the snails in the original population were
unbanded?
d. Suppose a mutation introduced into the population produced
snails that were a solid dark-brown colour with no banding.
Would the snails resulting from the mutation be at an advantage
or a disadvantage in the new tall-grass environment?

Number of Individuals

Shell-Banding Characteristics
Average

0

1

2

3

4

5

Maximum Number of
Lighter-Coloured Bands

Figure D2.32: This graph shows an adjusted number
of snails after low shrubs and trees have died.

32. Another possible change to this environment is that the process
of succession acts on this ecosystem by changing it from the mixed vegetation of the low shrubs, small trees, and
grassland to a climax forest consisting of a dense canopy of trees. For this scenario, during hundreds of years the snail
habitat would become much darker with very little light reaching the forest floor.
a. Describe the effect that this environmental change would have on future generations of this snail population.
Answer by modifying the original graph presented in Figure D2.31.
b. Explain your answer to question 32.a. by referring to the role played by genetics.
c. What does the graph you sketched in question 32.a. suggest might have happened to this species of snail if there
was no variation in the population and all snails in the original population had many light-coloured bands?
d. Suppose a mutation was introduced into the population that produced snails of a solid dark-brown colour with no
banding. Would the snails resulting from this mutation be at an advantage or a disadvantage in the dense forest
environment?

Adaptation
As your answers to the practice questions indicated,
variations made it possible for the snail population to adapt
to changes within the environment. This is why a change
within the snail population—such as having more
light-coloured bands or fewer light-coloured bands—is called
an adaptation.
If you refer to “The Desktop Fossil Record” constructed
earlier, you may note that each row contains snail shells that
are different in appearance. Each different type of snail shell
represents a new snail species.
Can you think of a reason why the appearance of snail
shells has changed over time? Why did new species of snails
appear in some layers? Can you think of reasons why some
species seem to appear in many layers and then no longer
appear?
In the next lesson you will see how Charles Darwin
answered these questions by proposing a theory that explains
how adaptations over time can lead to new species.

adaptation: any structural trait or behavioural trait
that improves an organism’s success at surviving
and reproducing in a particular environment

Figure D2.33:
The patterns
on these snail
shells are an
example of
adaptation.
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31. Suppose that many years of climatic changes caused the low
shrubs and trees to die off, leaving only tall grasses. The population
of snails inhabiting this same area is now represented by the graph
in Figure D2.32.
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2.4 Summary
Genes are the basic units of inheritance. They are passed on from parents to offspring and they determine the organism’s
characteristics. Among other things, genes can determine the physical characteristics or traits of the organism. Mutations are
changes that occur to a gene—these changes can be either harmful, beneficial, or neutral. Individuals within a population
can have differences with respect to a trait. These differences are called variations, so mutations are responsible for variations
within a species.
Adaptations are inherited characteristics that allow an organism to survive better in a particular environment. The
adaptation can be either physical or behavioural and help the organism reproduce, find food, or not become food. Successful
organisms are always well adapted to the habitat where they live.

2.4 Questions
Knowledge
1. Define each of the following terms.
a. fossil

b. gradualism

c. punctuated equilibrium

d. gene

e. mutation

f. adaptation

Applying Concepts
2. Processes that occur over time as a species adapts to its environment are adaptation, mutation, and variation.
a. Design a flowchart that shows the order in which these processes occur.
b. Concisely explain the flowchart you constructed.
Use the following information and key ideas from this lesson to answer questions 3 to 6.
Due to mutations, the European land snail shows significant variation in the colours and patterns on its shell. The shells
can be yellow, brown, or pink; and they may be unbanded or banded, with the banded shells having 1, 2, 3, 4, or 5 bands
or stripes. Figure D2.34 shows two examples of variation in the shells of these snails.
Birds, like the song thrush, rely on land snails
as a source of food. The snails most unlike their
surroundings are the easiest ones for these
birds to locate. Once captured, the song thrush
holds the captured land snail in its beak and
flies to a favourite rock. The song thrush then
hammers the snail’s shell against the rock until
it breaks open. These rocks, known as thrush anvils,
tend to be littered with broken snail shells by the end of the summer.

Figure D2.34: These are two examples of European land snails.

3. What process is responsible for the variation seen in the colouring and banding of snail shells?
4. Explain why it is a useful adaptation for snails to blend with their surroundings.
5. Explain why it is a useful adaptation for snails living in a grassland habitat to be both yellow and banded.
6. Dark-coloured shells tend to heat up more in direct sunlight than do light-coloured shells. In the cooler parts of northern
Europe, dark-coloured snails tend to be found at vegetation locations higher above the ground than lighter-coloured snails.
These higher locations increase the chances of being warmed by direct sunlight.
a. Explain how the darker colour is an advantage for snails living in the cooler northern climates, in terms of the
regulation of body temperature.
b. Explain how the advantage of being a darker colour also becomes a disadvantage in terms of predation for these same
high-climbing snails.
c. Is it always so clear-cut that a trait is an advantage or a disadvantage? Refer to questions 6.a. and 6.b. to justify your
reasoning.
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Figure D2.35: Charles Darwin and the HMS Beagle sailed around the world. The most famous stop they made was at the Galapagos Islands.

In 1831, Charles Darwin set sail on the British survey ship HMS Beagle for a round-the-world voyage. As the ship’s
naturalist, Darwin, then 22 years old, collected a huge number of species of plants and animals and made detailed drawings
and written observations of the enormous variety and adaptations he observed.

The Galapagos Finches

Figure D2.36: These are examples of different beaks on
Galapagos finches.

Darwin was particularly fascinated with the organisms he observed on a
chain of volcanic islands off the Pacific coast of South America. These
grasping, probing
were called the Galapagos Islands. Along these uninhabited islands are a
bill to eat insects
variety of different climatic regions, each with its own unique ecosystem.
The Galapagos have a variety of food sources in their different climatic
regions. In each different region, Darwin found strong similarities between
large crushing
organisms living there, but he noticed that animals had adapted differently
bill to eat seeds
to take advantage of the local conditions. For example, because he found
several varieties of finches that demonstrated so many similarities, he
hypothesized they must be related. However, each species had a different
parrotlike bill
beak type that appeared to be adapted for a diet specific to its particular
to eat fruit
region. Some finches had thick beaks best suited for crushing hard seeds;
some finches had parrotlike beaks suitable for eating fruit; and some
finches had slim beaks for catching insects.
To explain the existence of so many finch species with unique traits—in this case beak types—Darwin suggested that
the variety of finches on the islands all came from a common seed-eating finch ancestor. He believed that some seed-eating
ancestral finches were blown to the islands from the mainland. Once on the island their populations soared because they were
able to find abundant food and had no predators. As a result, many offspring were produced in their new habitat. Following
this population explosion, the habitat soon lacked enough seeds to support the large finch population. As with all populations,
there was variation in many traits including the beak characteristics of finches native to the island.
Chapter 2: Changing Populations
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Those finches best suited to consume available food sources on the island would have survived to breed with other
successful birds with similar beaks. As a result, the genes for their beak type were passed on to their offspring. Over
generations, this gave rise to lines of birds that were each adapted to collecting a specific food source. Each line would be
distinct in terms of beak shape, food eaten, mating behaviour, and other differences. The pressure of limited food enabled
organisms with a variety of traits to exploit new food sources. Over many generations, several new finch species developed
that were well-adapted to eating different foods than their ancestors did.

Practice
33. What is the most likely cause for variation in beak characteristics within the finch population native to the island?
34. Large, wide beaks are better suited for cracking open the hard shells of some types of seeds. Smaller, narrow beaks
are better suited to catch insects.
a. Suppose an original population of seed-eating finches was blown to an island that had a limited supply of
hard-shelled seeds but an abundance of insects. Describe what characteristics of finch beaks would enable
greater survival.
b. Describe what effect a lack of variety of food sources would have on the bird population.
c. Since beak shape is an inherited trait, describe changes within the population of finches on this insect-rich island
after many generations.
d. Identify the term that describes a structure, like a small, narrow beak, that improves the probability of a finch
successfully reproducing and surviving in this particular island environment.

Investigation
Investigating Natural Selection: A Simulation
For this activity, forks with varied numbers and placements of tines
represent variations in bird beaks.

Purpose
You will determine what effect a variation in beaks has on the success
of individuals and the possible characteristics of a bird population’s
next generation.

Science Skills
� Performing and Recording
� Analyzing and Interpreting
� Communication and Teamwork

Materials
• large bowl
• small, soft candies or O-shaped cereal (e.g., Cheerios
or Fruit Loops)
• several plastic forks with varied numbers and
placements of tines
• small cups or containers (e.g., Dixie cups or
Styrofoam cups)

Prediction
Look at the variations in the number and arrangement
of fork tines. Which variation do you think will be most
successful at acquiring food?

Figure D2.37: This represents a parent bird feeding its chicks.

Procedure
step 1: Your teacher will divide you into groups and place you around the classroom. The spot where you have been
placed will represent your nest. One of you will be the parent bird, and the others will be chicks. Each chick gets
a small cup to represent a hungry chick mouth. Each parent bird gets a unique fork. Note that each fork has
been modified, in terms of the number and placement of tines, to represent a type of beak for getting food.
step 2: A single bowl will be filled with candy or cereal and placed in a central location an equal distance away from all
groups. The bowl of cereal will represent the island’s food source.
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step 4: Count the number of food items placed in your cups. Your teacher will let you know how many food items in a
cup are needed for a chick to survive to adulthood.

Analysis
1. Was your prediction correct? Which fork variation was the best at getting food? Which beak variations were least able
to cope in the island ecosystem as a result of the available food source?
2. Explain how competition affected the success of the parents and chicks.
3. Why was the food source approximately the same distance from each nest?
4. Describe some adaptations that would make the chicks more successful at acquiring food brought from the parent.
5. If conditions remained the same, how would the bird population characteristics have changed after several
generations? Keep in mind that beak variations are inherited from parents.

Evaluation
6. Describe how this investigation could more accurately simulate a natural population.

Extension
7. Think back to the coloured toothpick activity from the beginning of Chapter 2. How is this investigation similar?
How is it different?

Darwin’s Theory of Evolution
In 1859, Charles Darwin published his book, On the Origin of Species by Means of Natural Selection, in which he described
his theory of evolution. Darwin did not invent the word evolution (it literally means unrolling or opening out), but he
used it in a biological sense to mean a change in the characteristics of a population over time. He said that all life on Earth
shared a common ancestor. The entire first printing of his book sold out on its first day of publication. His writing was very
controversial because it went against the common belief of the time that organisms were fixed in their present form and
had remained unchanged since Earth was created. As you have seen from your previous work with fossils, organisms have
changed over geological time. This is an observable fact. What continues to be a controversial issue is the explanation as to
how these changes occurred.
Based on his experiences and observations, Darwin described his theory of natural selection. This theory is based on
three observations.
Observation 1: Organisms usually produce more offspring than can survive.
Observation 2: There is variation among individuals with respect to any trait in a population.
Observation 3: Organisms within a population compete for limited resources.
Darwin’s theory stated that since resources for the group are limited, only those individuals with the variety of the trait
that makes them best adapted to out-compete others for resources in their environment are most likely to survive. The
best-adapted individuals in the population are considered to have greater Darwinian fitness because they will be able to
survive, breed, and pass on their traits to their offspring. Darwinian fitness is not a measure of speed, strength, or health,
although these things may influence reproductive success.
theory of evolution: a theory stating that the nature of a population gradually changes form over time
theory of natural selection: a theory stating that evolution takes place because more organisms are
produced than can survive, and that only the organisms best suited to their environment survive to
reproduce and, in turn, pass on their advantageous traits to their offspring
Darwinian fitness: the reproductive success of an organism
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step 3: Your teacher will indicate when to begin. At this time, parent birds will move to the food source using only the
forks to retrieve food for their chicks. Any food dropped cannot be picked up. It must stay on the fork until it is
put into the mouth of a chick (the cup). You may not actually eat the cereal unless your teacher has told you to
do so. The chicks must stay in the nests. Your teacher will tell you when feeding ends.

• There must be a genetic basis for the variation observed in some trait.
• There must be differences in the rate of survival and reproduction associated with the possession of a certain trait.
Darwin’s theory of natural selection defines success in terms of what organisms live to reproduce and pass along their
traits to their offspring. Successful organisms will have their traits determine the characteristics seen in the future population.
These changes to the population could occur in small, gradual steps over a long time frame (gradualism), or as larger changes
over a shorter time (punctuated equilibrium). The ability of Darwin’s theory to explain both scenarios is the reason the theory
continues to be used.
The environment has a crucial role in natural selection. The environment establishes the criteria for determining which
organisms will be successful. Observe the photo of the meteorite striking Earth in the chapter introduction. Although no one
can say for certain whether a deep-impact event occurred, the geological evidence suggests that some kind of catastrophe
triggered a sudden change in Earth’s climate about 65 million years ago. In cooler environments, large dinosaurs were unable
to survive and did not reproduce to pass on their genetic traits to future generations. By comparison, the small, warm-blooded
mammals were more successful in these changed environments. The more successful mammals had physical traits that
allowed them to survive in the new environment, enabling them to reproduce and pass on favourable genetic traits.

Practice
35. Recall the several populations you studied earlier in Chapter 2. How are these two criteria for natural selection
demonstrated by changes within the snail population?
Use the following information to answer question 36.
Natural selection can also be described graphically. The left graph shows study results on an island in which data
was collected on beak widths in finches. This graph shows variety in the finch population from the narrow-beaked
finches (6 to 7 mm) that ate caterpillars to the wide-beaked finches (9 to 10 mm) that ate large seeds.
The right graph shows how the population changed after years of drought on the same island. During drought years,
the plants produced few leaves, which resulted in a dramatic decline in the food source for caterpillars. This, in turn, had
an effect on the finch population.
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Over many generations of breeding, the traits that provide the most advantages to an organism will become those traits
more frequently seen in offspring, while the less-useful varieties will be seen less often. Darwin hypothesized that over time
this process, which resulted in the change in traits seen within the population, could result in the development of a species
that appeared different from its ancestor. This theory also became known as the survival of the fittest.
Biologists maintain that there are two essential requirements necessary for natural selection to occur:
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36. Explain how these graphs describe the process of natural selection occurring over time within the finch population
on this island.
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Jean-Baptiste Lamarck
Before Darwin and Wallace proposed the theory of evolution, a
French biologist named Jean-Baptiste Lamarck had proposed a
different reason about why populations changed. He hypothesized
that organisms changed during their lives to meet the challenges
of their environment and then these changes were passed on to
their offspring. Organisms could produce new or improved parts to
better adjust to their environment. Parts not used would eventually
disappear.
Lamarck used his model for change to explain how giraffes got
such long necks. He said giraffes started out with short necks, but
when lower leaves on the trees were removed, they had to stretch
to reach higher leaves. All this neck stretching meant that the next
generation of giraffes was born with longer necks. The stretched-neck
trait was passed on until long-necked giraffes were able to reach even
the highest tree leaves. There was no proof for Lamarck’s idea of the
inheritance of acquired characteristics, so his ideas were dismissed.
Although Lamarck turned out to be wrong, he is considered to be
important because he got people thinking about how species change
over time.
Recent advances in the understanding of genetics show that unless
there is a change in the genes responsible for a trait, there will be no
resulting change to that trait. In the case of the giraffe, stretching to
reach higher leaves will not mean a change in its genes, so it will not
result in a new trait for its offspring to inherit.

Figure D2.38: The long necks of giraffes are due to genetics, rather
than stretching.

Practice
37. Using Darwin’s theory of natural selection, explain how giraffes acquired long necks.
38. A bodybuilder spends a lot of time at the gym lifting weights to acquire a muscular body. He is convinced that this
behaviour will cause him to have muscular children. Is his opinion consistent with Darwin’s theory or Lamarck’s
theory?
39. Certain dog breeds have their tails cut short (or cropped) at birth. What would Lamarck predict would happen to this
breed’s tails after several generations?
40. In the oral traditions of many First Nations people, stories are told of how many plants and animals came to possess
their special features. There are several versions of a legend that tells the story of how the beaver once had a round
and fluffy tail but acquired a flat tail by having a rock or tree fall onto it.
a. Is this explanation more like Lamarck’s theory of change or Darwin’s?
b. Explain how the beaver may have developed its flat tail. Use Lamarck’s theory of inheritance of acquired
characteristics.
c. Use Darwin’s theory of natural selection to explain how the beaver may have developed its flat tail.
41. Research and summarize another legend that explains why an organism has an adaptation. For example,
read “How the Bear Lost Its Tail” or “How Raven Got Its Black Colour.” Use Lamarck’s theory and then
Darwin’s theory to explain how this organism acquired the adaptation. Share the two different explanations
in an oral presentation. You can find these legends on the Internet or in various book collections.
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In the two decades after his voyage, Darwin spent time developing his theory and continued to collect further evidence.
However, Darwin didn’t publish his theory until a colleague, Alfred Russel Wallace, sent Darwin a paper called
The Struggle for Existence. In his paper, Wallace came to a similar conclusion. Darwin and Wallace presented their work
together to the scientific community in 1858. The next year, Darwin published his famous Origin of Species. Darwin is given
greater credit than Wallace for developing the theory of natural selection because Darwin spent so much time researching and
then writing his book.
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More Evidence for Evolution
The geological record clearly shows Earth has undergone dramatic changes over time, and the fossil record indicates
organisms did not remain static. The theory of evolution provides an explanation of how such changes to organisms
would have taken place. The theory of evolution is well-supported by many pieces of evidence. Each piece alone is not
proof of the theory, but together they make a strong case for its validity. Note these examples.

human
bat

Figure D2.39: Homologous structures—a human arm, a whale flipper, and
a bat wing—are all just variations in size and shape of the same number
of bones. These structures appear to have a similar origin and, therefore,
suggest a shared ancestor.

fish

salamander

chick

rabbit

cow

whale

human

Figure D2.40: Similarity among embryos—in the embryo stage,
most vertebrates (organisms with backbones) look similar
and follow a comparable development. For example, human
embryos have gills at one stage of development and then
lose them at a later stage. This similarity seems to suggest a
common ancestor among vertebrates.

Figure D2.41: Vestigial structures—
Tiny, useless wings on an insect and
the dew claws on a dog have no
apparent function. The presence of
these vestigial structures suggests
that the organism’s ancestors had a
more useful version of the body part.
Through adaptation over time the role
for these structures has been lost.
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Figure D2.42: Biochemical
evidence—The proteins in all
organisms are produced from the
same set of 20 amino acids. This
unity of composition and function
suggests that all forms of life are
related to some extent, having
common ancestors in the earliest
organisms.
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Figure D2.43: Evolution of
behaviour—Some behaviours have
a genetic basis. If these inherited
behaviours affect an organism’s
fitness to the environment, then
behaviour can evolve by natural
selection. The calling songs of
crickets meet this criteria and,
therefore, are an example of an
evolved behaviour.

Figure D2.44: Biogeography—
Organisms separated by
geographical barriers like oceans
and mountain chains that show
related characteristics suggests a
common ancestor migrated long ago.
It also suggests the two populations
changed in different ways to become
distinct species.

One of the best examples of the process of natural selection
affecting a population is that of the peppered moth. The
moth is called peppered because it looks like someone has
sprinkled pepper on its white wings. This moth is only active
during the night—it’s nocturnal—and spends its days resting
on the bark of trees where its peppered colour blends in well
with the colour of trees to camouflage it from predators. Pure
black members of this species are only spotted very rarely.
Manchester, England, was at the heart of the Industrial
Revolution in the 1800s. In Manchester, the machines
of numerous factories used energy produced by burning
massive amounts of coal. The combustion of coal resulted in
large amounts of soot being created from the chimneys, and
this in turn began covering the buildings and trees around
Manchester. With the black soot covering many surfaces,
including trees, the once well-camouflaged, light-coloured
moth stood out on the black background. The rare black
variation was then better camouflaged. Birds easily found the
light-coloured peppered moths because they stood out on the
black trees. Because of increased success in predation, fewer
white moths were able to survive. Over about 100 years, a
majority of the peppered-moth population living in the
soot-covered forests near Manchester were black. In
unpolluted forests, the black form was still rare.

Each of your cells carries all the information to make an
exact copy of you. Could any cell in your body be used to
develop a replica or clone of you? Advances in technology
may have made this possible. In 1996, scientists in Scotland
successfully cloned a sheep named Dolly. She was an exact
copy of the adult sheep whose cell she was cloned from.
Many plants reproduce naturally by cloning or by
asexual reproduction. Detached cells grow into new
identical plants. Gardeners take advantage of this ability by
taking cuttings from plants.
asexual reproduction: the production of identical offspring from
a single parent cell by budding, by the division of a single cell, or
by the division of the entire organism into two or more parts

ROSLIN INSTITUTE EDINBURGH

Figure D2.45: The peppered moth is a great example of natural selection.

Why Sex?

Figure D2.46: The world was introduced to a
cloned sheep named Dolly in 1996.

Asexual reproduction requires only one parent—this
makes it a quick and efficient process. So why do most
organisms reproduce sexually? Imagine a population
of identical organisms. When environmental conditions
change, the population may not be able to cope with the new
environment.
Now imagine a population in which each individual is a
little bit different. With sexual reproduction, each offspring
receives a different combination of the parents’ genes.
Practice
As seen in this chapter, variation within a population,
whether it be snails or peppered moths, is a result
42. What caused the appearance of the rare black form of the
of sexual reproduction. This process allows for the
peppered moth?
mixing of parental traits. The overall effect is to
43. Explain how a variety in coloration was beneficial to the
increase the degree of variation within the population.
population.
The environment selects the varieties with traits
44. Describe a change in conditions over time that would cause
that make them fittest for survival in that set of
a decline in the number of black moths and a corresponding
conditions. The result of the breeding of successful
increase in the peppered moths around Manchester.
organisms is to change the population’s appearance.
45. If predators like birds were removed from the area, how
As the population shifts to have more organisms
might this affect the coloration of moths over time?
possessing certain traits, the population adapts to
46. Does the peppered moth’s situation support Darwin’s theory
remain successful in its environment, and the process
of natural selection?
of evolution is observed.
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2.5 Summary
Evolution is the slow and gradual change in the characteristics of population over time. Darwin proposed that natural
selection is the mechanism that drives evolution. Lamarck proposed the idea of the inheritance of acquired characteristics.
This proved to be incorrect.
Selective breeding, vestigial structures, look-alike embryos, and the geology and paleontology of Earth are examples of
pieces of evidence that support Darwin’s theory of evolution.
Sexual reproduction creates variation and improves the chances of success in a population.

2.5 Questions
Knowledge
1. Define the following terms.
a. theory of natural selection
b. Darwinian fitness
2. List the two requirements necessary for natural selection to occur.
Applying Concepts
3. Cheetahs have evolved over millions of years to be the fastest land organisms on Earth. Use the theory of natural selection
to explain how the cheetah became so fast.
4. Through selective breeding, a horse has been sired to be a great runner. He becomes a champion racing horse and breaks
several track records. When the owner goes to breed the horse, it is discovered that the horse is sterile and cannot sire
offspring.
a. In biological terms, describe the fitness of this horse.
b. Why is the chance of mutation high in purebred animals such as racehorses?
c. What would be the benefit of using this horse as the parent for many clones? What would be the disadvantage?
5. A pod of dolphins is placed in an aquarium. They are fed a large amount of fish, are given vitamin supplements, and
receive regular medical checkups. The pod members are larger and more active than the wild members of their population.
Is this an example of evolution? Explain your answer.
6. A common variety of banana reproduces by cloning rather than by sexual reproduction—tiny seeds in the banana are
sterile. A disease has been infecting banana trees and has destroyed many plantations. Why would banana growers be
more concerned about the future of this popular banana variety than they would about other types of fruit that experience
disease?
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This chapter has explored the effects of environmental change on communities, populations, and individual organisms.
Environmental change is both the reason for and the result of the process of succession. A population of organisms can
change in both number and characteristics in response to its environment. The process of change within a population allows
some organisms to live and others to perish. The survival of certain organisms within a population drives the process of
evolution.
Human intervention in ecosystems is the leading cause of environmental change. The disturbances caused by human
development make it difficult for organisms to obtain the resources necessary for survival. Making choices about how
you use and develop natural resources can have both positive and negative effects on other organisms, ecosystems, and
environments.

Summarize Your Learning
In this chapter you learned a number of new biological terms, processes, and theories. It will be much easier for you to recall
and apply the information you have learned if you organize it into patterns.
Since the patterns have to be meaningful to you, there are some options about how you can create this summary. Each
of the following options is described in “Summarize Your Learning Activities” on pages 552 and 553. Choose one of these
options to create a summary of the key concepts and important terms in Chapter 2.
Option 1:
Draw a concept map
or a web diagram.

Option 2:
Create a point-form
summary.

Option 3:
Write a story using key
terms and concepts.

Option 4:
Create a
colourful poster.

Option 5:
Build a model.

Option 6:
Write a script for a skit
(a mock news report).

Chapter 2 Review Questions
Knowledge
1. Describe the process of primary succession.
2. List four examples of disturbances that could cause the process of secondary succession to begin.
3. Explain two ways in which the process of secondary succession differs from the process of primary succession.
4. Explain the difference between an open population and a closed population.
5. Define carrying capacity.
6. Use a labelled graph to describe the exponential growth of a population.
7. Use a labelled graph to describe a population that has reached its carrying capacity.
8. An owl is well adapted to a nocturnal hunting lifestyle. Explain how each of the following traits is an adaptation that
makes the owl a more successful hunter.
a. the ability to fly
c. huge eyes

b. a sharp beak and talons
d. feathers that muffle the sound of flying
Chapter 2: Changing Populations
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9. What are the three main concepts of Darwin’s theory of natural selection?
10. Define fitness as it applies to biology and the theory of natural selection.
11. Define mutation. Compare how mutations can be beneficial, harmful, or neutral.
12. Many people are reluctant to accept Darwin’s theory of natural selection. Suggest a possible reason for this reluctance.
13. Explain how the finches that Darwin studied on the Galapagos Islands provided evidence for his theory of natural
selection.
14. List a disadvantage and an advantage of reproducing asexually.
Applying Concepts
Use the following information to answer questions 15 to 17.
The Beavers of Tierra del Fuego
Chile
Argentina

Tierra del Fuego
Figure D2.47: Beavers were introduced to Tierra del Fuego in 1946.

Figure D2.48: Tierra del Fuego
is at the tip of South America.

Tierra del Fuego is a large island at the very tip of South America. Its closeness to Antarctica
means that the climate is much cooler than most of South America. There were 25 pairs of
Canadian beavers introduced to the island in 1946 to create a fur industry for the local people.
Unfortunately for the people—but perhaps fortunately for the beaver population—the demand
for fur coats dropped. By 1966 there were an estimated 2500 beavers on the island, by 1986
there were 30 000, by 1998 there were about 50 000 beavers, and some biologists currently put
the estimated number of beavers at close to 125 000. There are more beavers living on Tierra
del Fuego than there are people in its major cities.
The exploding beaver population has started to cause significant environmental damage.
Beavers cut down stands of 100-year-old trees in weeks. This reroutes streams to cause an
interruption of trout migrations, and it floods forests and roads. As a result, there is significant
concern that some members of the Tierra del Fuego beaver population will find their way to the
mainland of South America and cause similar problems.

15. Describe what conditions exist on Tierra del Fuego that permitted the exponential growth of the beaver population.
16. Identify similarities between the beaver situation in Tierra del Fuego and Australia’s rabbit situation.
17. Describe differences between the rabbit situation in Australia and the beaver situation in Tierra del Fuego.
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Use the following information to answer question 18.
Cold Adaptations
Canada’s Arctic region is an example of a habitat where the
extreme cold presents a huge survival challenge. The other
big challenge is that snow melts in the short spring and
summer. This means that white-coloured animals lose the
advantage of camouflage.
To cope with these harsh environmental obstacles,
Arctic organisms have acquired several adaptations. Some
organisms, such as caribou or humpback whales, only
spend summers in the Arctic and migrate to warmer winter
climates. Most organisms have thick layers of fat, called
blubber, fur for insulation, and tiny ears to reduce heat loss.
Some animals—such as the Arctic hare, Arctic fox, and a
bird called a ptarmigan—are pure white in winter and brown
or grey in warmer months to stay camouflaged in their
changing surroundings.

Figure D2.49: Arctic animals—such as caribou—have developed
adaptations.

18. A polar bear is an example of an organism that has adapted well to the cold Arctic. It’s a carnivore that eats primarily
seals. Polar bears usually hide and wait near breathing holes in the ice to capture the seals when they come up for air.
How do the following polar-bear adaptations help them survive in their icy environment? Complete the table.
Adaptation

Reasons For Advantage

slightly webbed toes
white fur
a thick layer of fat and black skin underneath fur
female polar bears hibernating in dens with cubs until spring
ability to stand up on hind legs
covers its black nose when stalking a seal

19. The climax community for Alberta’s boreal forest is mainly coniferous trees, like spruce and pine. When these evergreens
drop their needles and the dead needles decay, they cause the soil to become acidic. Coniferous seedlings grow best in
acidic soils, whereas other types of plant organisms—like grasses—have difficulty growing in acidic soil.
a. How is this strategy advantageous?
b. How might this strategy affect succession in the boreal forest?
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Five Years After Mount St. Helens’ Eruption
The force of Mount St. Helens’ explosion in
1980 caused plant and animal communities
to be destroyed in much of the area around
the volcano. Lava and ash hardened into
solid rock over the area’s soil. Biologists
selected a small sample area and recorded
the numbers and types of plant species
growing in that area five years after the
volcanic eruption. The biologists prepared a
bar graph of their results.

Number of Organisms
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Use the following information to answer questions 20 to 22.
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Type of Organism

20. Is this disturbed area around the volcano going through the process of primary succession or secondary succession?
Explain your answer.
21. Draw three labelled bar graphs that would represent the likely numbers and types of species in the same area if biologists
came back to record data 50 years, 100 years, and 200 years after the explosion.
22. Why would it be unlikely for you to see an equal number of each type of organism in the sample area?
Use the following information to answer questions 23 to 25.

Kristy is a scientist studying two different species of insects. These insects are considered to be garden pests because
they eat cabbage and lettuce. She starts with five male insects and five female insects of each species in two separate
terrariums. Kristy labels these Terrarium #1 and Terrarium #2. She places a dish of water and 3 kg of a lettuce and
cabbage mixture in each terrarium at the beginning and at the end of week one. Kristy records the number of insects
in each terrarium over a period of seven days.
Day of Experiment

Number of Insects in Terrarium #1

Number of Insects in Terrarium #2

1

10

10

2

12

22

3

14

41

4

15

80

5

17

163

6

17

330

7

20

8

23. Sketch a graph of the two populations by using Kristy’s data.
24. Describe and compare the two populations. Use biology terms from Chapter 2.
25. How would the results differ if both types of insects were placed in the same terrarium for the study?
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Sickle cell anemia is a disease that results from a mutation.
This mutation affects the red blood cells that carry oxygen. The
mutation can be passed onto offspring. Carriers of sickle cell
anemia have difficulty obtaining oxygen—this causes fatigue and
blood flow complications. Figure D2.50 compares the red blood
cells of an individual afflicted with the disease and a person who
does not suffer from the disease.
Malaria is an infectious parasite carried by mosquitoes in
warm countries. Untreated malaria causes rapid death. The
malaria parasite lives in red blood cells but cannot infect cells that
are sickled due to sickle cell anemia.

normal cell

sickle cell

Figure D2.50: A normal cell and a sickle cell are highlighted.

26. After looking at the diagram comparing the sickled red blood cell to the normal red blood cell, explain why sickle cell
anemia makes the sufferers so ill.
27. Hypothesize why sickle cell anemia is found in greater numbers in populations where malaria is found.
28. What environmental change would cause a reduction in the number of individuals born with sickle cell anemia?
Use the following information to answer question 29.
Monkeys found in South America and Central America are called New World monkeys. They differ
from the Old World monkeys of Africa and Asia because their noses are broad and flat with the
nostrils facing outwards. Many New World monkeys have a prehensile tail that can wrap around a
branch and support the animal’s weight as it hangs—this tail acts like a fifth limb.

29. Use Darwin’s theory of natural selection to explain how the New World monkeys developed a prehensile tail.
Use the following information to answer questions 30 and 31.

August Weismann was a German experimental
biologist who, in 1893, was investigating
Lamarck’s ideas of acquired characteristics.
Weismann cut off the tails of 22 successive
generations of mice and looked for offspring
that had shorter tails or no tails at all. Since the
offspring did not have shorter tails, the results of
his experiment did not support Lamarck’s ideas.

30. Explain why the trait of not having a tail is not passed along to the offspring.
31. Why is it still reasonable to study Lamarck’s ideas in spite of his incorrect conclusions?
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Use the following information to answer questions 26 to 28.
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Unit D Review Questions
1. Complete the table by comparing the processes of primary and secondary succession.
Description

Primary Succession

Secondary Succession

relative speed of process
starting conditions
events causing process
to begin
resulting community

2. Match each definition with its correct term from the following list.
a. the total number of certain species that occupies a particular habitat at a
particular time
b. a distinctive shape of a graph for a population that is increasing and growing
exponentially
c. the amount of time it takes for a population to double in size
d. a group of organisms that exists in a natural setting where births, deaths, immigration,
and emigration all affect population numbers
e. a rapid rise in population caused by ever increasing numbers
f. the maximum number of individuals sustained for an indefinite period in a given
environment
g. a group of organisms existing in an artificial setting where immigration and
emigration are not permitted and numbers are only affected by births and deaths

• doubling time
• exponential growth
• J-curve
• closed population
• open population
• carrying capacity
• S-curve
• population

h. a distinctive shape of a graph for population limited by factors such as disease,
competition, and famine
3. Complete the following table of adaptations.
Type of Adaptation
speed

How It Makes Organism
More Successful

Example of Organism
with Adaptation

easier to catch prey and
escape predators

cheetah or pronghorn

camouflage
bright colours
sharp spines
produces poison
thick fur or hair
horns or antlers

Conclusion
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Researcher

Scientific Contribution

Malthus
Lamarck
Darwin

5. Match each statement with its correct term in the following list.
a. This takes place because more organisms are produced than can survive and only
the organisms that are best suited to the environment survive to reproduce.
b. This idea is that the nature of a population gradually changes form over
geological time.

• theory of evolution

c. Human-directed change is caused in a population as a result of breeding
organisms that only have characteristics desirable to the breeder.

• fitness

d. This produces identical offspring, called clones, from a single parent cell without
first sharing genetic information with another organism.
e. The reproductive success of an organism is not a measure of an individual’s
strength, speed, or health, although this may influence it.

• theory of natural selection
• selective breeding
• gene
• mutation
• asexual reproduction

f. This is a change in the genetic instructions.
g. This basic unit of inheritance is passed down from parent to offspring.
6. Close to where you live, a strip mine was started 100 years ago. The miners removed all the soil and exposed the raw
bedrock as they removed the mineral ore. The soil and much of the broken rock were trucked away to be used for
construction materials. The miners worked progressively outward from a central point over a period of 50 years to create a
huge, bare, circular area. Imagine that you visit the site and make some observations. Make a sketch to show the following.
a. What type of organisms would you expect to find at the centre, or oldest, part of the mine?
b. What type of organisms would you expect to find at the outer edges, or youngest part, of the mine?
c. What type of organisms would you find in the surrounding area that was not mined?
Use the following information to answer questions 7 to 10.
Elk Population over Time in Game Preserve Area
Population of Elk Area
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4. Complete this table by filling in the contributions that each scientist/researcher has made to the field of biology.

5000
4000
3000
2000
1000

1910

1920

1930

1940

1950

Time
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1960

1970

1980

1990

2000

7. What effect did the predators have on the elk population prior to 1925?
8. Predict what happened to the elk population after 1925 when the area was fenced in and predators were removed.
9. As illustrated in the graph, state one possible reason for the elk population’s decline after 1945.
10. Infer what action the park biologists could have taken in 1955 to re-establish a more natural balance to the elk population.
Use the following information to answer question 11.

Figure D2.51: To survive in the
desert, camels must conserve water.

Hot Adaptations
Deserts and other arid regions are difficult habitats
to live in because water is so scarce. Deserts can be
extremely hot in the day, but because there is little
water to absorb and hold the heat, they can also be
freezing cold at night.
Desert animals must conserve water and cannot
afford to sweat to cool themselves because it would
waste too much water—instead, they have developed
other adaptations. Many animals sleep in cool burrows
during the day and are active only in the mornings and
evenings when the temperature is moderate. Desert
creatures are usually small with short fur or thin fur
and large ears or wrinkles to give them an increased
surface area from which to lose heat.

11. A camel is an example of an organism that is perfectly adapted to the desert. How do the following camel adaptations
help it to survive in the desert environment? Complete the table.
Adaptation

Reasons for Advantage

two sets of long eyelashes
wide, padded feet
nostrils that can open and close
a hump located on its back that is a
reservoir for fat
thick, tan-coloured fur
a tough mouth and strong teeth

12. Hypothesize why so many plants that first colonize in open areas of secondary succession might have sharp thorns, barbs
(like thistles or stinging nettles), or a noxious taste.
13. Some scientists predict that as human populations grow, freshwater resources will become an increasingly important
export for Alberta. A pipeline to move this water could be built that would run directly from Alberta to dry cities in the
United States, such as Los Angeles and Las Vegas. Justify the concerns you have regarding the possible export of
fresh water from Alberta to the United States.
Conclusion
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Predators like wolves, cougars, and coyotes lived in the area with the elk until it was made into a game preserve in 1925. After
1925, the area was fenced in and predators inside the preserve were completely eliminated through hunting.
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Use the following information to answer questions 14 to 21.

A biologist is studying the habitat of a small, isolated Arctic island. The island has populations of
carnivorous Arctic foxes, a herbivorous bird called a ptarmigan, and a few insects in the summer. Because
of the extreme wind, this island is much colder than the mainland. The only vegetation that grows well are
small shrubs, lichens, and grasses.

Figure D2.52: On this island, ptarmigans are herbivores and Arctic foxes are carnivores.

14. List the abiotic factors that may affect survival on the island.
15. List the island’s biotic factors.
16. Describe a relationship that may exist on the island.
17. Sketch a likely food chain for the island.
18. Sketch a likely energy pyramid.
19. Explain why the Arctic fox is white/grey.
20. Suppose hunters kill island Arctic foxes to the point of extinction for their valuable, thick, white pelts.
How would this affect the population of remaining island species?
21. A hunter’s campfire gets out of control and burns a large section of vegetation on the island.
a. What form of succession would take place following the fire?
b. How does fire affect the carbon cycle?
Use the following information to answer questions 22 to 28.
A recent study suggests a link between global warming and the predator-prey
relationship of the Canadian lynx and the snowshoe hare. Scientists found that
the fluffy snow from cold winters causes the lynx to sink into the snow, while
the hare can escape more easily with this type of snow. Warmer winters melt
and thin the snow. This provides an advantage for the lynx. Potential changes in
the ecosystem’s climate due to global warming may affect normal cycles of the
predator-prey relationship between the lynx and hare. The main herbivore in the
ecosystem is the snowshoe hare. The lynx feeds almost exclusively on the hare.
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22. How would a reduction of the hare population affect the
lynx population?
23. How would a reduction of the hare population affect
other ecosystem populations?
24. Other than predation by the lynx, what other factors
may affect the hare population size?
25. Sketch the population change for the hare if the lynx
population is decimated by disease.
26. The snowshoe hare’s fur colour changes from white in
the winter to brown in the spring and summer.
a. What is the advantage of this change?
b. Use the theory of natural selection to describe how
the hare developed two fur colours.
27. The global warming that benefits the lynx is linked to
excessive amounts of carbon dioxide being released into
the atmosphere. Relate three activities that add carbon
dioxide to the atmosphere.
28. Global warming has also caused hot, dry summers with
several resulting forest fires. A biologist was surprised
to see that the numbers of both hares and lynxes were
greater in these burned-out areas a few years after the
fires than they were in thick stands of coniferous trees.
a. Explain why hare and lynx numbers would be higher in these recently burned-out areas.
b. Predict the implications of human intervention that prevents future forest fires in the area.
Use the following information to answer questions 29 to 31.
A particular weed has been infesting crops in nearby fields. The weed has also
spread into pastures and natural meadows, where it has had a negative effect on
the native plants and animals. You are asked to conduct a field study to better
understand this weed and the conditions that support its growth.
29. Infer specific tests you will want to carry out to determine what abiotic factors affect the weed’s survival.
30. Design an experiment in which you change one of the abiotic factors identified in question 29. Determine the impact of
this change on the weed’s growth.
a. List the manipulated, responding, and controlled variables.
b. Describe the procedure.
c. Predict the expected results. Explain why you expect these results.
31. A herbicide manufacturer studied the effectiveness of four of his herbicide spray products in terms of killing the weed.
A crop was divided into five equal sections. Four of these sections was each sprayed with one type of herbicide.
a.
b.
c.
d.

Why was the fifth section not sprayed?
What is the manipulated variable for this experiment?
What is the responding variable?
List three controlled variables that would ensure accurate results.

32. Mosquitoes can be so annoying that it’s tempting to wish they could somehow be completely eliminated from the
environment. Comment on the possible negative consequences of removing mosquitoes from the biosphere.
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Use the following information to answer questions 33 to 38.
The Biosphere II project was a huge containeddome structure built in the Arizona desert. It was
designed to simulate the processes of a natural
ecosystem. More than 3800 species of plants and
animals, including four male and four female
scientists, were sealed in and meant to live there
for one year. The scientists sealed inside were to
study the interactions in the artificial environment
that they built. In this closed system, all materials
were to be recycled and no outside materials were
to be brought in.
Despite careful planning and monitoring,
carbon-dioxide levels inside the dome continually
Figure D2.53: The Biosphere II project ended up as a failure.
increased and air had to be pumped in before
two months had elapsed. The failure of the project demonstrated a lack of a complete scientific understanding of
ecosystems.
Imagine that you have been hired as a consultant to help design an improved self-contained habitat for humans
to live off Planet Earth, on an orbiting space station, or on another planet like Mars.
33. Identify essential organisms you would add to the environment, along with the people living there. Explain why you
chose these essential organisms.
34. Sketch a food web for the organisms you selected.
35. Describe several important considerations you would incorporate into the habitat’s design.
36. Explain how you would ensure that levels of carbon, oxygen, nitrogen, water, and wastes were maintained at
appropriate levels.
37. If the populations in your biosphere are isolated for a long period, how might this affect them from an evolutionary
point of view?
38. People already have a self-contained habitat on Earth.
a. How is your artificial environment similar to Earth?
b. How is your artificial environment different from Earth?
c. Given the challenges involved in creating a second habitat for humans, what does this suggest about people’s
stewardship of their current habitat?
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