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Science, T
and the

Chapter Preview

Science influences our daily lives far more than most of
us realize. Do you use scientific knowledge every day?
How many technological devices do you use in an
average day? Our everyday lives are filled with examples
of science and technology. In fact, many aspects of our
lives are determined or controlled by technology.

KEY IDEAS

Science and technology are
different, but related, fields and

: g ften interdependent.
Science and technology can be found everywhere—in are O

a satellite orbiting Earth, in a beam of sunlight, in your
cell phone, in the equipment you use in the science
laboratory, in your resemblance to your parents, and even
in today’s weather!

Scientific discoveries and
technological developments affect
society, and society influences the
direction of scientific and technological

research.
The topics studied in this text will help you recognize () Science and technology have both positive and
examples of science and technology, and understand how negative effects on the natural environment.

they influence your everyday life.

TRY THIS: What in the World Isn‘t Science?

Skills Focus: analyzing, communicating

Think about all of the objects, events, and phenomena that you A. List the objects, events, or phenomena tnat your group agreed
have encountered since you woke up this morning. did not have a science connection.

1. In a small group discussion, identify an everyday object, event, B. Did most objects, events, or phenomena suggested by your

or phenomenon that you believe is not connected to science. group have a science connection? Explain.

As ideas are presented by your group members, challenge C. Write a short paragraph describing the influence of science on
yourself to identify a science connection. If a science your everyday life.

connection cannot be made, a point is awarded to your

group. Follow the time limit set by your teacher.

This material has been created under the Canadian
Copyright Act (CCA) Section 32(1) for individuals with
perceptual disabilities. Further distribution or reproduction

of this material must comply with this act. All rights

BrltlSh COIumbla reserved. For more information see www.arc-bc.org.
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Science and Technology

What Is Science?

Science is a way of learning about the natural world by making observations,  STUDY TIP
asking questions, proposing answers, and then testing those answers. Study smarter, not harder. As you read
Scientists describe nature by using the knowledge they gain through f;g:nsaicgt;:;’o lfofgufrosrtzr:;rswiusgozps "
experience. This knowledge, known as empirical knowledge, can be thought They will offer you practical tips on
of as knowledge gained by the five senses (touch, smell, taste, vision, and effective study and exam techniques.
hearing), and by tools and devices that extend the senses (e.g., microscopes,
telescopes, sensors). Empirical knowledge (Figure 1) includes the knowledge
gained by scientists in the process of scientific inquiry, as well as the
knowledge gained by Aboriginal peoples, often referred to as Traditional
Ecological Knowledge and Wisdom. Traditional Ecological Knowledge and
Wisdom (TEKW) is the knowledge, experiences, and wisdom gained over
many generations of close interaction with the living and non-living
components of the environment.
Empirical knowledge is generally incomplete. It could be argued that
complete knowledge is not achievable. We seldom know everything there is
to know about a natural phenomenon, but we continue to learn as scientific
inquiry progresses. Sometimes what we think we know is incorrect, so
empirical knowledge is continuously being updated as new information
becomes available.

(b)

Figure 1 Empirical knowledge that helps us understand the natural world comes from different
sources. (@) A botanist uses scientific inquiry to learn more about plant life. (b) A Lillocet tribe member
lands a sockeye salmon from the Fraser River using traditional Lillooet fishing techniques.

NEL 1.1 Science and Technology




STUDY TIP »

You'll notice that Chapter 1 includes
many new terms. To get a head start
on your studying, make vocabulary
cards. On one side of the card, write
the word (e.g., discovery). On the
other side, write a brief definition
(e.g., an observation no one has made
before).

LEARNING TIP «

Set a purpose for your reading. As you
read this section, read to answer the
question posed in the heading. Share
your answer with a partner.

Science is often thought of as facts, laws, and theories. While this is
partially true, science is much more than that. The main goal of science
is to understand the natural world, and the result of this understanding is
knowledge in the form of facts, laws, and theories. For example, we know
that Earth revolves around the Sun. This is accepted as a scientific fact. It
came from repeated observation and analysis of the Sun and the night sky.
Science also refers to the processes that are used to gather knowledge about
the natural world and organize it. Science, then, is both our present
understanding of the natural world and the processes. that lead to this
understanding.

An observation of nature that no one has made before, or that no one
has made in the same way before, is called a discovery. Scientists make
discoveries by looking for patterns and regularities in nature (natural
phenomena). These regularities are sometimes called laws of nature and, in
some cases, laws are described mathematically. For example, Isaac Newton
discovered a mathematical relationship between the force, F, and the
acceleration, g, of an object whose mass is m. In general, if the force used to
push (or pull) an object increases, its acceleration increases as well. This law
is commonly known as Newton’s Second Law of Motion, and it can be
expressed mathematically as F = ma. The scientific community accepts
Newton’s Second Law of Motion because it is simple, understandable, and
supported by empirical evidence.

Unlike a scientific law (which is determined by careful observation), a
scientific theory, or scientific explanation, is the product of creativity and
inventiveness. Scientists use scientific theories to try and explain natural
phenomena whose root causes are not easily identifiable. To develop a
theory, a scientist may first suggest an untested explanation, or hypothesis.
For example, many years ago people noticed that certain diseases are
contagious, but there was no satisfactory explanation for this observation.
With the invention of the compound microscope in the seventeenth century,
scientists discovered micro-organisms and hypothesized that some of these
micro-organisms (called germs) might be the cause of infectious diseases.
After conducting many experiments and gathering evidence to support this
hypothesis, the transfer of germs was accepted as an explanation for the
spread of infections, and the germ theory was developed.

Scientific theories, such as the germ theory, are tentative explanations.
This means that they are subject to change when new scientific evidence
indicates that a change is required. For example, the germ theory was
changed once viruses were discovered. Viruses are non-living entities that are
much smaller than bacteria and other micro-organisms, so that they cannot
be seen under a typical light microscope. When viruses were discovered,
many scientists hypothesized that they too could cause infectious diseases.
After obtaining experimental evidence to support this hypothesis, the germ
theory was revised to include viruses as potential causes of infections.

Chapter 1 Science, Technology, Society, and the Environment NEL




Classification of Science

There are many ways of classifying the activities that we refer to as science.
Science tries to understand nature, which really means the whole universe.
Science is usually divided into three main branches—life science, physical

science, and Earth and space science (Figure 2).

Physical Science ] = Earth and Space Saam;e]
= e
- = e

Figure 2 There are many separate branches of science, but there are also many interactions among the various branches.

—

Life science is the study of living things and is often referred to as biology.
It has many branches, including botany, the study of plants; zoology, the
study of animals; and ecology, the study of the natural environment.
Medicine and agricultural science are also branches of life science because
they deal with the study of living things.

Physical science has two main branches—chemistry and physics.
Chemistry is the study of matter and its changes, and physics is the study of
forces and energy.

The branches of Earth and space science include geology, the study of the
physical nature and history of Earth; meteorology, the study of the
atmosphere and weather; astronomy, the study of celestial objects (galaxies,
stars, planets, comets, etc.); and oceanography, the study of oceans and

ocean life.
This classification of the branches of science appears very simple and LEARNING TIP «———
neat, like the drawers in which nuts and bolts are arranged in a hardware Check in with your learning. Discuss

with a partner how “what science is”
has evolved dramatically over the last
hundred years.

store. In reality, science is not quite so simple. As science progresses over
time, the branches of science expand and collaborate so that they no longer
fit into the neat categories. For example, chemists began to study chemicals
(such as DNA) that make up living things. This resulted in the science of
biochemistry, the study of the matter of living things. It is both a life science
and a physical science. In the same way, geophysics, the study of forces that
affect Earth, is both an Earth science and a physical science.

NEL 1.1 Science and Technology




TRY THIS: Identifying Sciences

Skills Focus: analyzing, classifying, inferring, communicating

The branches of science and their interactions are too numerous to
identify in this text. However, you can get an idea of the nature of

a branch of science from its name.

1. Examine the following list of science branches and classify
them as either a life, physical, and/or Earth and space science.
(Some branches can fit into more than one category.)

A. For each of the sciences, analyze the name and write a one-
sentence description that you think matches the science.

Did You ‘)

Technology at Home

Liquid Paper was invented by Bette
Nesmith-Graham in 1951, while
working as a typist. Using her kitchen
and garage as a laboratory, she
developed a paint-turpentine mixture
she called “Mistakes Out” to hide her
typing mistakes at the office. She later
changed the name of her product to
Liquid Paper and sold it out of her
home for 17 years. In 1979, the
Gillette Company purchased Liquid
Paper for US$47.5 million.

Chapter 1 Science, Technology, Society, and the Environment

B. Compare your definitions with those of your classmates, and
then, using a dictionary or the Internet, find a formal
definition for each of the sciences. Compare your definitions
with the formal definition.

aerobiology
analytical chemistry
astrobiology
astrochemistry

genetics
geochemistry
marine biology
materials science

biophysics microbiology
electrostatics mineralogy
environmental science optics

fluid dynamics sedimentology

What Is Technology?

Technology is the process by which humans develop ways to satisfy some of
their needs and wants. People use skills and resources to develop processes
and equipment that help them solve problems in everyday life. Professionals
such as technologists, technicians, and engineers develop technologies
through invention and innovation.

The term invention describes the creative development of a new device or
process that helps people meet their needs or satisty their wants. For
example, people have invented beds to satisfy their need for comfortable
rest. They have invented microwave ovens, refrigerators, freezers, and the
canning process to meet their needs for cooking and preserving food. They
have invented radios, televisions, telephones, computers, and the Internet to
help them satisfy their desire for efficient communication. In general,
inventions can be described as newly found solutions to problems in
everyday life.

Some technological devices combine existing inventions in new ways to
solve new problems. The modification of an existing technology to serve a
new purpose is known as innovation. For example, the use of circular
devices to facilitate movement originated in prehistoric times, and over
many years has developed into the wheel. The invention of the wheel has led
to its use in many innovative ways. It is now used in gears and pulleys; on
trains, bicycles, carts, and automobiles; and as the rotating base of dials on a
radio. You have probably innovated many times in your everyday life. If you
have ever used a piece of chewing gum to stick a note on a wall, you've
innovated!
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TRY THIS: New Uses for Old Technology

Skills Focus: observing, analyzing, communicating

Many everyday devices are used for purposes other than those 2. After 10 min of brainstorming, refine your list of possible uses
they were designed for. For example, a butter knife can be used as by eliminating duplication or combining ideas.
a screwdriver, a plaster knife, a scraper, or as an artist's knife. 3. As a group, share the list of alternative uses for your object
1. In a small group, select one of the items from the following with the class.
list and think “outside the box” to come up with at least A. Explain what “thinking outside the box” means to you.
15 alternative uses for the object. Follow the brainstorming B. Did you learn new ideas from other groups? What does this
guidelines provided by your teacher. tell you about the nature of invention and innovation?
cardboard box  bath towel nail C. Suggest things you can do to improve your skill of looking at
spoon sheet of paper  spoon old ideas in new ways.
candle craft stick toothpick
fan marble old newspaper
pencil drinking straw 2 L pop bottle
paper clip rubber band roll of cash register paper

In 1959, Canadian inventor Joseph-Armand Bombardier combined a
number of existing technologies to produce the world’s first recreational
snowmobile, called the Ski-Doo (Figure 3). While unique in its overall
design, the snowmobile used a number of existing technologies in
innovative ways. A pair of modified skies allowed the front end of the
machine to slide over the snow, while handlebars (like those on a
motorcycle) were used for steering. A rubber track, like that used for farm
and military equipment, gripped the snow and allowed the vehicle to move
forward. These features have been modified and improved over the years;

notice the features of modern snowmobiles, shown in Figure 4. Figure 3 Early models of the Ski-Doo
snowmobile incorporated several
innovations to produce a unique vehicle.

Science and Technology Work Together

Science and technology are very different activities, but we often hear about
them together. This is because they are highly interrelated and often go hand
in hand. Scientists rely on technologies to further their research and gain an
understanding of natural phenomena. Technologists and engineers look for
ways to use this knowledge for practical applications. For example, scientists
want to know how certain kinds of materials, called superconductors,
conduct electricity with almost no loss in energy. Technologists and
engineers focus on how that knowledge can be applied in the design and
construction of high-speed computers.

In some cases, technological inventions and innovations occur before the .y et
scientific principles are.known. Alessandro Vol'ta} invented the battery in e 5. Whie s e N 4
1800, well before theories about current electricity were developed. same as the original vehicle, new
Sometimes scientific discoveries are made because of technological features and materials have vastly
inventions. For example, the invention of glass lenses led to the development  improved the modern snowmobile.

el
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Did You ‘)

The First Telescope

Contrary to popular belief, the first
telescope was not invented by
Galileo. A spectacle maker, Hans
Lipperhey, invented the telescope
when he put a convex and a concave
lens together to produce threefold
(3x) magnification. In 1609, Galileo
learned of the invention and
immediately saw its potential. He
began experimenting with different
lens curvatures and arrangements,
and achieved a magpnification of
9x—an invaluable asset to scientific
and military endeavours.

To learn more about the early
development of the telescope, visit

o Www.science.nelson.com @

of telescopes, which allowed astronomers to observe and learn more about
our solar system and the universe. The telescope, in turn, led to more
accurate astronomical observations and measurements. This contributed to
the change from an Earth-centred scientific model of the universe to a Sun-
centred model. You can see how science and technology often support each
other.

Sometimes, technological inventions follow scientific discoveries. For
example, the television was invented after scientists had created theories
to explain the structure of the atom, and understood electrons, current
electricity, and electromagnetism. The relationship between science and
technology is mutually beneficial; scientific discoveries lead to technological
advances, which lead to further scientific discoveries, and so on (Table 1).

Table 1  Examples of the Science—Technology Relationship

Science Technology Example
Physicists explain how | Structural engineers suspension bridge
forces act on an object | and technologists

under a load. design buildings,

bridges, roads, and
tunnels that can
support specific loads.

Physiologists discover | Technologists design astronaut suit

the biochemical life-support systems
reactions that keep for astronauts and
organisms alive and space stations.
healthy.

Plant biologists learn Engineers and

how roots absorb technologists design

nutrients from water hydroponic systems for

and soil. efficient crop
production in areas
with poor soil.
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In most cases, scientists do not foresee or predict how their discoveries
will be used in the development of technologies. For example, in 1831,
Michael Faraday found that if you push a magnet toward a wire, a current
is generated (or induced) in the wire. When Faraday demonstrated this
phenomenon to his peers, someone asked, “All this is very well, but of what
use is this discovery?” He replied, “It is a newborn child. Of what use is a
newborn child?” He had discovered electromagnetic induction. This
discovery led to the development of electric motors and generators, and
made possible all of the devices that use or produce electricity. But that was
not the reason Faraday discovered electromagnetic induction; he was simply
trying to better understand nature. He could never have imagined how
dependent on electricity society would eventually become.

The development of plastics is a good example showing the relationship
between science and technology. In 1928, X-ray technology enabled
confirmation of the theory that polymers are long chains of chemical units
(molecules). This theory had been proposed by German chemist Herman
Staudinger in 1920, but was not accepted until the technology to observe
and confirm his idea was available. With this new understanding of
polymers and their molecular structure, technologists began producing a
new class of polymers called “plastics.” This included materials such as
nylon, Teflon, polystyrene (e.g., Styrofoam), and acrylic—all of which are
widely used in science and society today.

Medical researchers use biodegradable polymers to deliver drugs in
situations where the drugs cannot be administered orally or by injection.

To achieve this, the drugs are embedded within a polymer structure, and are
gradually released as the polymer breaks down (Figure 5).

Many scientific discoveries and technological inventions occur by chance,
or serendipity. Serendipity is the act of discovering or inventing something
useful by accident. One famous example of serendipity in science is the
discovery of background radiation. While tuning a powerful antenna used
for astronomy experiments, American physicists Arno Penzias and Robert
Wilson noticed a constant, low-level noise coming from the antenna. The
noise was being formed by an invisible type of light energy (radiation),
which was detected regardless of what direction the antenna was facing.
Soon Penzias and Wilson realized that the radiation was present everywhere.
They also discovered that they had stumbled on the best evidence to date
supporting the Big Bang theory—a theory that explains how the entire
universe was created in a huge explosion of matter and energy.

Serendipity can also occur in technology, as shown by the invention of
Velcro (Figure 6). In 1948, George de Mestral, a Swiss engineer, returned
from a walk in the woods and noticed that some burs were stuck to his cloth
jacket and pants. He examined a bur under his microscope and noticed that
it contained little green hooks that clung to fabric and fur. De Mestral
immediately recognized the potential for a practical new fastener. After
eight years of experimentation and development, he created Velcro, the first
synthetic hook-and-loop fastener.

NEL 1.1

Step 1

Figure 5 Drugs are embedded in
biodegradable polymer particles (step 1).
As the particles biodegrade, or break
down, the drugs are released (step 2).

(b)

Figure 6 Technologies are often
modelled after structures in nature.

(a) The hooks on a bur were the model
for the design of Velcro. (b) The
magnified view of Velcro shows how the
hooks get caught in the loops when the
two strips are pressed together.

Science and Technology




in Society

Science and Technology

Science and technology have both had an immense impact on society. The
houses we live in, the food we eat, the vehicles we drive, and the electronic
gadgets we use to communicate and to educate and entertain ourselves, are
all products of scientific and technological achievement (Figure 1).

Many important discoveries and inventions have occurred within the last

century—yvaccinations against diseases, antibiotics, tranquilizers, organ
transplants, reproductive technologies, genetic engineering, microwave
heating, computers, lasers, plastics, television, and the Internet. You don’t
have to look far to find an example of the impact of science and technology

on society.

(a)

Figure 1 Examples of science and technology in our daily lives: (a) the smart car, (b) the Apple iPhone, and (c) portable DVD players

TRY THIS: The Greatest Discovery or Invention of All Time

Skills Focus: observing, analyzing, communicating

Of the numerous achievements in science and technology, most do
not have a profound effect on society. Some achievements,
however, stand out because they fundamentally change our
culture.

1. In a small group, brainstorm a list of discoveries or inventions
that have significantly changed our culture. Consider
discoveries or inventions such as the heliocentric model of the
solar system, the printing press, the telephone, antibiotics, and
the internal combustion engine. Follow the brainstorming rules
provided by your teacher.

. After the brainstorming period, discuss each of the discoveries

and inventions you came up with and identify the ten most
important.

. Rank the top ten from most important (1) to least important

(10).

. Explain why the number one ranked discovery or invention

was considered by your group to be the most important.

. Did your group unanimously agree on which discovery or

invention was ranked number one? What arguments were
made for or against ranking it number one?
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One area in which the combination of science and technology has had
a large impact is in the medical field. Medical knowledge and technologies
have increased life expectancy, particularly in developed countries. On
average, we are living longer and healthier lives because science and/or
technology have found cures for diseases and treatments for illnesses.
Similarly, as the field of molecular biology develops, this knowledge is used
to develop new technologies and applications. Genetic engineering was
possible only after the structure of DNA was understood.

Recent developments in tissue culture have made it possible to “grow”
replacements for organs that have been damaged by injury or disease. In
2006, it was announced that an American research team had successfully
grown bladders from patients’ cells in the laboratory, and successfully
transplanted the organs back into the patients (Figure 2). Researchers are
continuing work on growing different tissues and organs, including blood
vessels and hearts, in the laboratory. Research is also being conducted on
new protein-based drugs that encourage damaged organs to repair
themselves. In animal trials, new drugs that stimulate the re-growth of
muscle tissue that has died after a heart attack have been tested successfully.

(b)

Figure 2 (a) Muscle and bladder cells are extracted from a small piece of the patient’s own bladder.
(b) They are grown in a Petri dish and (c) then layered onto a mould shaped like a bladder. (d) In a few
weeks, the cells reproduce to grow a new bladder, which is then transplanted into the patient. The
new bladder continues to grow to a normal size and starts functioning.

The development of communication technologies, including television,
telephones, and satellites, has “shrunk the world.” While the physical Earth
has not changed in size, achievements in transportation and communication
technologies have made us more aware of what is going on around the
world. In less than a day, we can travel to the other side of the world. In an
instant, we can see what is happening on the other side of the world. We can
see and talk to friends and family in distant countries as if they were in the
next room.

The invention of the telephone and all of the related innovations that
followed have significantly changed our culture. With cellular and satellite
telephones, communication is possible from any location on Earth. The
influence of the telephone has been largely positive, and has led to the
development of technologies such as handheld and vehicle GPS devices.
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Figure 3 Handheld and vehicle GPS
devices are convenient and accurate
enough for everyday use.

LEARNING TIP »

Approach text with a critical eye. As
you read the section Society Affects
Science and Technology, ask yourself,
“Does this information reinforce,
contradict, or add new information?”

These devices are accurate enough to pinpoint locations to within 10 m
(Figure 3). This is more than adequate for establishing your location in the
wilderness and finding your way back home or navigating in a busy
unfamiliar city. The cost of these devices has decreased so that they are
affordable for many people. Some would argue, however, that the telephone
and related technologies have also had a negative influence on society. We
have technology that enables us to work anywhere and anytime, so that our
work lives and our personal lives are no longer separated.

Science and technology have been described as a double-edged sword.
This expression is used to describe anything that can both help and hinder,
or anything that has both risks and benefits. There are both risks and
benefits associated with many scientific discoveries and technological
inventions. While most technologies are developed with the intention of
solving problems, there are often unintended consequences associated with
their use. For example, the chemical DDT is an effective pesticide that
controls the populations of disease-carrying insects, but it has been more
recently found to have a devastating effect on the eggs of peregrine falcons
and bald eagles. Another example of a technology with unintended
consequences can be seen in chlorofluorocarbons (CFCs), a common,
non-toxic chemical that was commonly used as a refrigerant. After many
years, it was discovered that CFCs were contributing to the reduction of
Earth’s ozone layer, a layer in the atmosphere that protects us from harmful
radiation. Similarly, the radioactive wastes produced in nuclear generating
stations also create a serious environmental concern and potential health
risks because we do not have a satisfactory disposal method. However, the
benefits of the radiation-related medical technologies that enable diagnosis
and treatment are immeasurable.

It is difficult, if not impossible, to foresee all of the consequences that
might arise from using specific technologies. Furthermore, new applications
of scientific knowledge and technological inventions are often developed
long after the discovery or the invention occurred. In many cases, it is not
science or technology itself that is to blame; it is the human use of the
knowledge or technology that has negative impacts on society and the
environment.

Society Affects Science and Technology

That science and technology influence society is obvious. But do you know
that the values and priorities of society at a particular time can also
influence the direction and progress of developments in both science and
technology?

Scientific and technological research is very expensive. Research facilities
employ highly paid and highly skilled professionals. They consume large
amounts of energy and require expensive and sophisticated tools and
equipment. Funding for research comes from both private and public
sources.
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Basic research is research that helps people learn more about how the
natural world works (Figure 4). Basic research in areas such as medicine,
alternative energy sources, food supplies, and natural resources, usually
receives funding from government agencies, such as the Natural Sciences
and Engineering Research Council of Canada (NSERC) and the Social
Sciences and Humanities Research Council of Canada (SSHRC). Basic
research often produces knowledge that is used by engineers and
technologists to develop practical solutions to everyday problems. The
priorities of government, representing the priorities of the public, determine
which areas of research are funded. For example, if a cure for AIDS is
deemed to be a social priority, funding for research in this area will become
a priority. If protection of the environment is a public priority, then research
into alternative energy sources will likely be promoted and funded.

Applied research is research that is primarily focused on developing new
and better solutions to practical problems. Research into the development of
consumer products—such as new cosmetics, telephones, automobiles,
computer software and hardware, and sports equipment—is usually carried
out in privately owned and funded facilities. The marketplace, or the public
demand for new products, will obviously influence which areas of research
private companies fund. If market analysis shows that there is a demand for
new electronic gadgets such as cell phones or video games (Figure 5),
research and development in these areas will be supported.

LEARNING TIP »
Check your understanding of the terms
“basic research” and “applied
research” by explaining the differences
to a partner.

Figure 4 A meteorologist studies weather patterns only to learn more Figure 5 The demand for electronic gadgetry to entertain us ensures
about weather and climate trends. This knowledge may then be used to  that funding will be available for further research.

develop solutions to weather-related problems.
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Figure 1 The burning of fossil fuels
and the use of natural resources creates
environmental pollutants.

Science and Technology and the
Environment

LEARNING TIP «
Visuals such as the photographs in this
section help you to make more
accurate predictions. Survey the
visuals. What issues do you predict will
be addressed?

The impact of human activity on the natural environment was first seen in
the late 1700s with the start of the Industrial Revolution. The industrial age
had an immense impact on the environment, with dramatic changes to the
land, the oceans, the forests, and the atmosphere. The development of iron-
making techniques, the manufacture of machinery, the introduction of
steam power, and the extensive use of coal as a fuel marked the beginning
of a period of increased industrial production. Technology became a tool by
which humans could dominate and exploit Earth’s resources. Many of the
industries that arose from this period rely on natural resources such as
minerals, wood, fish, and farm products. The harvesting of these resources
and their use in industry has had direct impacts on the environment.

Since the Industrial Revolution, the industrialized world has continued
to use resources at an alarming rate. The growing population and society’s
demand for more goods and services has resulted in industrial and
household wastes that poliute the land and water. With the use of resources,
the development of technology, and the human population all increasing,
wastes are being produced faster than they can be recycled or reduced to
harmless substances. Many of the by-products of human industry and
technology become pollutants. For example, dioxins, released in the pulp
and paper industry, are known to cause cancer and birth defects in
laboratory animals. The burning of coal and other fossil fuels produces air
pollution and, as you will learn in Chapter 16, contributes to the increasing
level of greenhouse gases in the atmosphere—an accepted cause of climate
change due to global warming (Figure 1).

Industrialized society did not use the traditional ecological knowledge of
Aboriginal societies who understood that, to ensure survival, people have to
live as part of the environment and manage it properly. The hunter who kills
all of the game within the area has to relocate to survive, as does the farmer
who does not properly maintain the soil. Today, we see the impact that
decades of industrial development has had on the environment, and in
recent decades we have realized that we cannot survive on an abused and
polluted planet.

Modern technology enables, and sometimes requires, increased use of
Earth’s renewable resources, often at a rate faster than they can be
replenished. For example, in many locations around the world, a renewable
resource—fish—is being used up faster than it can replenish itself.
Improvements in fishing technology (vessels, fishing gear, navigation, sonar)
have increased the ability to find and catch fish, and the world’s fish stocks
are being depleted. Because technology has provided the capability, we have
been overfishing with little regard for the future. Overfishing simply means
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that we are catching so many adult fish that not enough remain to breed and
replenish the population (Figure 2). Overfishing is not only disastrous for
the environment, but also for the people and communities that rely on the
fishing industry for food and income.

The collapse of the cod fishery off Newfoundland and Labrador is an
example of what can result from overfishing. This led to a decision by the
government of Canada in 1992 to close the commercial fishery on the Grand
Banks (Figure 3). The stocks have improved somewhat since the closure, but
a fishery is still not permitted. Despite the fragile condition of the stocks,
vessels from other countries are still fishing the nose and tail of the Grand
Banks and the Flemish Cap, which lies just outside Canada’s jurisdiction.
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Figure 2 Technology has allowed us to catch fish at a rate greater Figure 3 About a third of the fishing area of the Grand Banks lies
than the stocks are able to reproduce. outside the area managed by Canada.

The impact of science and technology on the environment is not always
negative. New knowledge improves our understanding of the natural world,
and new technologies that allow us to use the environment in a more
sustainable way are being developed. For example, new energy technologies
are available that can harness the energy of the Sun, the wind, or the tides.
These technologies are much more environmentally friendly than the use of
fossil fuels as a source of electrical energy. Alternative sources of energy are
also being researched in the development of vehicles that have less of an
impact on the environment and that are more fuel efficient.

Innovations are being devised to help us cope with environmental
problems associated with growing populations and global warming. The
world’s wetlands—home to thousands of bird and animal species—are being
lost to development and to rising sea levels. Bruce Kania of Montana, USA
has developed a new method for constructing artificial floating islands out
of recycled plastic and foam.
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The construction starts with layers of polymer mesh held together by
adhesive foam. Sod and vegetation are then added. Finally, plants are
selected to attract insects, frogs, birds, beavers, and other wildlife (Figure 4).
Once established, these artificial islands function like natural wetlands,
providing a home for many organisms and filtering harmful substances from
the water. As with most new technologies, artificial wetlands are expensive—
approximately US$500 million per square kilometre of floating island.

Figure 4 Synthetic wetlands serve the same purposes as natural wetlands, and are now being used
in areas where natural wetlands no longer exist.

Another innovation that has been applied to solve an environmental
problem is the use of special blankets to prevent the melting of glaciers.
The top of the Gurschen glacier on Gemsstock Mountain in the Swiss Alps
has receded by about 20 m in the last 15 years. A ski resort in Switzerland
that relies on the glacier has attempted to prevent further melting by
covering the glacier in blankets (Figure 5). The blankets are composed of
polyester and propylene layers, and are pure white in colour. The blankets
are used during the summer months to protect the snow cover from heat
and UV radiation, which helps to minimize melting. However, this is not a
: practical solution to the global problem of melting glaciers. The blankets are
Figure 5 The protection of glaciers expensive (approximately US$5 million per square kilometre), and it would
during the summer is an innovative use be practically impossible to install blankets over all glaciers during the
of thermal blankets. summer months and remove them again during the winter.
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The Importance of Scientific and Technological
Literacy

We live in a time when growing scientific knowledge and rapid technological
innovations are playing an increasingly significant role in everyday life.
Science and technology have become so common and prevalent in our
society that often we do not see them, or we take them for granted. Most
people do not attempt to understand new technologies because they are
designed so that the average person can use them without having to
understand how they work. Science is often perceived as too complex to be
understood by the average person.

Carl Sagan, a renowned astronomer and author, recognized the role of
science and technology and the importance of being scientifically and
technologically literate when he said in his book The Demon-Haunted World

“We’ve arranged a global civilization in which the most crucial
elements profoundly depend on science and technology. We have
also arranged things so that almost no one understands science
and technology. This is a prescription for disaster. We might get
away with it for a while, but sooner or later this combustible
mixture of ignorance and power will blow up in our faces.”

To make wise personal decisions and to act as a responsible citizen, it is
necessary to be scientifically and technologically literate. Scientific and
technological literacy can be thought of as a combination of the science-
related attitudes, skills, and knowledge needed to. develop inquiry, problem-
solving, and decision-making abilities.

A scientifically and technologically literate person understands first of all
that the future will be very different from the present because there are
always new developments in science and technology. Such a person also
understands that society influences science and technology as much as
science and technology influence society. We each have a responsibility
to ourselves, to society, and to future generations to aim for scientific and
technological literacy.

Because science and technology influence our lives so profoundly, it is
important that we recognize and understand this influence so that we can
make rational decisions about which scientific and technological research
we support. We, as a part of society, need to consider both the positive and
negative impacts of developing and using scientific knowledge and new
technologies. Although we cannot foresee all of the possible consequences
of new scientific and technological achievements, a society that does not
consider both the positive and the negative implications of proposed new
technologies may understand the consequences of that decision only after
the technology has been adopted.

NEL 1.3 Science and Technology and the Environment

STUDY TIP »

Having notes, study cards, and past
exams organized and handy will help
you prepare for a chapter exam. An
effective organization system is to put
all your notes, cards, and past exams
for each chapter in a three-ring binder.
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UNIT

SUSTAINABILITY
OF ECOSYSTEMS

Chapter 2 Interactions in Ecosystems
Chapter 3 Community Ecology
Chapter 4 Nature’s Recycling Programs

Chapter 5 Changing the Balance in
Ecosystems

Unit Preview

What causes the varied shades of green, brown, and blue
seen on Earth from space? What is the white shading,
and why does it move around the planet’s surface? What
factors control the types of organisms present in any area
on Earth? How are these organisms related and how do
they interact? Where do humans fit into the complexity of
life on Earth?

In this unit, you will learn about the intricate
relationships that exist among organisms and how they
interact with the non-living components on Earth. You
will learn how various conditions on Earth shape the
types and numbers of organisms that exist in each area.
You will also learn about the movement and cycling of
energy and matter within ecosystems. Finally, you will
learn about the impact of natural phenomena and human
activities on the fragile balance that makes Earth so
unique.
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Chapter Preview

What do you need to live? How are your needs different
than those of ather living things on Earth? Where do the
things that you need come from? What would happen if
something you needed was not available?

KEY IDEAS

Living things are connected
to each other in complex
interrelationships.
Biotic and abiotic factors are
responsible for shaping a community of
living things.

Life exists almost everywhere on Earth. All life, and
everything needed to maintain it, exists within a thin
layer of land, sea, and air. While the estimates vary, some
scientists believe that as many as 40 million different
species may populate the planet. But only about 3 million
of them have been identified and given a name. Only a
few thousand of them have been studied in detail. $ Nutrients cycle within ecosystems.

i)
L

Scientists attempt to learn more about each living thing.
But they do not stop there.

Energy flows through ecosystems.

To fully understand the world of living things, scientists
look at how organisms interact with each other and with
their environment. No living thing can exist in isolation.
Every organism is linked to other organisms on the
planet. Trying to understand all of the relationships that
exist among different living things, as well as with their
surroundings, is the goal of ecalogy.

TRY THIS: Modelling Interactions

Skills Focus: communicating, recording

In this activity, you will explore the interactions that one organism 4. Ada these organisms, reiationships, ana factors in your

has with the other organisms around it, and with the environment graphic organizer. Connect the interactions by drawing lines

in which it lives. between them and the spider.

Materials: notebook or graphic organizer A. In what way is this model of representing interrelationships
useful?

B. What are the weaknesses of this type of model for showing
interrelationships?

C. Why are madels like this one useful for understanding
interrelationships among organisms and their environments?

1. Create a graphic organizer to represent interactions between
a spider and its environment.

2. Consider what the spider eats. What other organisms might
compete with it for the same food? What eats spiders?
Consider other relationships as well.

D. The spider is just one organism. What can you predict about
modelling interactions that occur between all of the living
things on planet Earth?

3. Consider the non-living factors that affect the spider.
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Biotic and Abiotic Factors
in Ecosystems

Ecology is the study of how organisms interact with each other and with Did You ?
their physical environment. Ecologists collect information about living Y/
things, and then look for patterns to explain the observations. This is an —-—-————'
enormous challenge because there is a tremendous variety of organisms and Sounds like Greek to Me!
so many different relationships among them. It is for this reason that The word “Ecology” comes from two
ecologists organize their study into several levels (Figure 1). Greek words: oikos, which means

The first and simplest level of organization that ecologists study is a single "house,” and fogos or “word,"
living thing or organism. They study the behaviors, the functions, and the e e e

2 4 literally the science of studying the

body structures that an organism has in order to survive in its habitat, or place where something lives.

region in which it lives. For example, they might study how a sea otter
captures food or how its body is specialized for the marine habitat. But most
organisms do not live as isolated individuals. Usually organisms live as a
population (the second level of organization), which is all of the organisms
of the same species that share a habitat. Ecologists might study how the
number of sea otters in the waters of coastal British Columbia changes over
time. But populations interact with other populations of organisms.

Biosphere

= \.

o R RN | N il v ——

Figure 1 The study of ecology involves organisms, populations, communities, and ecosystems. The biospnere includes all of the ecosystems on
Earth.
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STUDY TIP All of the different populations in a particular area interact, forming a
Check your understanding. Are you community, which is the third level of organization. The community that
&ble 1o racall the Jees within the lives within the kelp beds off the coast of British Columbia includes many
biosphere? If not, reread the main A - ] v
ideas and words in bold, and re- populations of plants, fish, and invertebrates like sea urchins, sea stars, and
examine Figure 1, on page 21. sponges. At the community level, an ecologist might study how the number
of sea urchins affects the number of sea otters in the kelp bed community.
They are interested in ways that internal and external factors affect the size
of the populations in a community.
To Iaafm mam above he. An ecosystem, which is the fourth and most complex level of
ecosystems found in British N i ey ¥ y
Columbia, go to organization, includes the living community as well as the physical
@ Www.science.nelson.com @‘ environment in which the organisms live. @)

Factors such as the introduction of a new species or a temperature change
would have a huge impact on the kelp bed community. An ecosystem is
simply a convenient way to look at interactions between the living and the
non-living things in an area. It is not defined by size or complexity. It could
be as small as the spaces in a rotting log, or as big as the ocean. You could
even think of Earth as one big ecosystem, but because of its complexity it is
usually considered on a different level called the biosphere. The biosphere is
the total area of Earth where living things are found, including the soil,
atmosphere, and ocean.

TRY THIS: Make a Model Ecosystem

Skills Focus: conducting, recording, communicating, questioning, evaluating

In this activity, you will combine living and non-living factors to 3. Add the aquatic plants, snails, and guppies.
el e b 4. Place the lid on the jar and seal tightly.
Materials: 3-4 L jar with lid, 250 g of sand or gravel, 5. Place the jar in an area where it can receive indirect sunlight
4-5 aquatic snails, 2 small guppies, 4-5 aquatic plants for 1 week.
a A. What was the purpose of sealing your model ecosystem?
Handle glass products_wnh g Assemble. B. What is the source of carbon dioxide that the algae and
the equipment where it will stand so that it

ey plants require?
does not need to be moved after being filled.

C. What is the source of oxygen that the fish and snails require?

1. Place 2-3 cm of sand or gravel into a large jar. D. How do the plants and animals get the necessary nutrients?

m

2. Fill the jar with tap water to within 5 cm of the top. Let it + What would happen to the ecosystem if one of the fish died?

stand without the lid on for 48 h.

There are two types of environmental factors in an ecosystem, the living
community and the physical environment. The living components of the
ecosystem are called biotic factors. For example, in the kelp beds off the
coast of British Columbia the biotic factors include the plants, fish, and
invertebrates, as well as the complex interactions occurring between them.
The non-living components, or abiotic factors, include the physical and
chemical components in the environment. Some of the more significant
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abiotic factors are temperature, wind, water, sunlight and oxygen.
The abiotic factors in the kelp beds would include (among others) the water
temperature, the currents, and factors such as an oil spill.

Abiotic and biotic factors are connected to each other (Figure 2). As
organisms live, they alter the environment around them, which in turn
affects the organisms. This type of balance, where there is continuous change
but the overall system remains stable, is called dynamic equilibrium.
Ecosystems are normally able to adjust to small changes from within.

The importance of abiotic factors cannot be emphasized enough. The
difference in abiotic factors like climatic conditions and soil quality

pid vou €)

—
Abiotic Technology

Many of the technologies you use
everyday were invented in response
to an existing abiatic factor. Furnaces,
air conditioners, solar panels, and
many other technologies, are just a
few of the adaptations humans have
made in response to abiotic factors.

determine the distribution of life and contribute to diversity within the

biosphere. @—‘ Investigation

Sometimes one factor, known as a limiting factor, is the most critical
factor in determining the types of organisms that can exist in an ecosystem.
For example, the large Douglas fir trees in our Pacific coastal forests grow
only in regions with high annual rainfall. In aquatic environments,
important limiting factors are sunlight, temperature, and the amount of

dissolved oxygen in the water.

(a) (b)

@——o Investigation e————

The Effect of Abiotic Factors
on a Yeast Population

To perform this investigation, turn to
page 42.

In this investigation, you will
investigate the effects of abiotic
factors on populations.

Figure 2 Abiotic factors such as (a) frost, and biotic factors such as (b) pests, and (c) other organisms affect the growth of the biotic factors like

crops.

TRY THIS: A Day at the Beach

Skills Focus: recording, communicating

Abiotic factors have a large impact on living things. In this activity,
you will explore the biotic and abiotic factors that can influence a
day of outdoor fun.

Materials: notebook or graphic organizer

1. Plan a great day at the beach. Make a list of all of the things
you should consider in your planning.

NEL

A. What abiotic factors should you consider?

B. Identify biotic factors that might be a part of your day at the
beach.

C. How would these abiotic and biotic factors differ if you were
planning a great day of skiing or snowboarding?

2.1 Biotic and Abiotic Factors in Ecosystems




@HECK YOUR Understanding

. Compare the following terms. Give both
similarities and differences.

(a) ecosystem and habitat

(b) organism and population

(c) biosphere and community

(d) ecosystem and community

. What level of organization within the biosphere

is represented by each of the following?

(a) a herd of water buffalo

(b) the plants and animals on the Serengeti
plain of Africa

(c) alake and all of the organisms that live
within it

(d) a grizzly bear

(e) sunflowers growing in a garden

. Which level of organization is being considered

in each of the following ecological studies?

(a) observing how the talons of a bald eagle are
used to capture food

(b) observing the migratory pattern of a flock
of snow geese

(c) observing the impact of a hazardous
chemical spill on living things in a nearby
stream

(d) observing the nest-building behaviour of
hummingbirds

(e) observing the effect of fleas on the health of
house pets

(f) measuring the changes in oxygen levels of a
small lake during periods of rapid plant
growth

. Why is the science of ecology important?

. List at least three characteristics of ecosystems
that make them challenging to understand in
detail.

Unit A Sustainability of Ecosystems

. Provide two other situations besides ecology in

which it is helpful to use a classification system
like the one developed by ecologists.

. The mouth of a dog or Earth itself could each

be defined as entire ecosystems. What
characteristics do they have in common that
makes this similar classification appropriate?

. Use Figure 3 to answer the following questions:

Figure 3

(a) Identify each of the following from the
illustration. Explain your reasoning.
i) two biotic factors
ii) two abiotic factors
iii) a limiting factor
(b) Describe the relationship between the
abiotic and biotic factors that you selected.
(c) Which abiotic factor could be altered to
have the greatest effect on the ecosystem?
Explain your reasoning.
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Ecological Roles and
Relationships

We can look at an ecosystem as a complex network of interactions. Within LEARNING TIP «
an ecosystem, all organisms need to carry out basic essential life functions Active readers interact with the text.

. . As you read Section 2.2 go back and
such as growth, movement, repair, and reproduction. In order to perform

; 2 ; v forth between the words in bold and
these functions, organisms must take in food, water, and other nutrients. the photographs. Ask yourself, “How

Nutrients are the elements and compounds that organisms must have in can | figure out the meanings of
order to live and grow. Nutrients include water, oxygen, vitamins, and unfamiliar terms from cues in the text
minerals, as well as the foods we eat that provide fats, proteins, and and illustrations?

carbohydrates. Some organisms, like plants, can make their own food,
while other organisms need to consume food in order to live.

Producers

The producers or autotrophs (Figure 1) are organisms that make their own
food, usually using energy from the Sun in a process called photosynthesis.
You will learn more about this process in Chapter 4. Producers are also an
important food source for other organisms.

Almost all plants can photosynthesize, and on land they are the most
important type of producer. In aquatic environments, producer organisms
called algae photosynthesize as well. Algae include some plant-like protists
(single-celled, eukaryotic organisms), single and multicellular plants, and
some photosynthetic bacteria. Microscopic algae are called phytoplankton.

Some producers are not photosynthetic and can live on the ocean floor or
deep within caves, in the total absence of light. Instead of using the energy
of the Sun, they use the thermal and chemical energy of Earth’s interior in a
process called chemosynthesis.

(b)

Figure 1 Producers come in all shapes and sizes, including (a) spiragyra algae, (b) purple lupins, and (c) deciduous trees. What they share in
common is the ability to make food from inorganic materials and a source of energy, such as the Sun.
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To learn more about the role of
organisms in an ecosystem,
watch the animation found at

www.science.nelson.com oz
e @

(b)

Figure 2 (a) The elk and (b) caterpillar are
both herbivores. Both rely on producers as
food.

Consumers

Organisms that consume other organisms or biotic waste in order to survive
are called consumers or heterotrophs. Consumers ingest other organisms
and break down the chemical bonds within those organisms to obtain
energy and carbon. You will learn more about this process in Chapter 4. @
Consumers that eat producers are called herbivores or primary
consumers. Herbivores include insects and animals, such as caterpillars and
elk, that eat plants (Figure 2). In aquatic environments, herbivores include
microscopic zooplankton that eat phytoplankton. Consumers that eat other
consumers are called carnivores, such as those shown in Figure 3. Some
organisms called omnivores eat both producers and other consumers
(Figure 4). Humans are omnivores, as are grizzly bears that eat a variety
of foods including salmon and insects as well as fruits and berries.

(b) (b)

Figure 3 (a) The killer whale and (b) praying ~ Figure 4 (a) Grizzly bears and (b) humans are
mantis are both carnivores. They eat other both omnivores. They eat producers as well as
consumers in order to gain the energy they other consumers.

need to survive.
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Detrivores are consumer organisms that feed on the waste material in an
ecosystem, including the bodies of other organisms that have recently died,
plant debris, and animal feces (Figure 5). Decomposers are a special type of
consumer that breaks down the complex molecules found in dead organisms
and waste matter into simpler molecules. Decomposers like bacteria and
fungi cause the decay of material. Decomposer organisms like bacteria are
nature’s recyclers. They make the nutrients contained in waste and dead
matter available to producers once again through a process called
biodegradation (Figure 6). In areas where decomposers are abundant, rich

fertile soil exists. Ecosystems with few decomposers have very little decay,
and as a result the soil tends to be thin and low in nutrients.

Detrivores | Decomposers

Figure 5 Organisms such as (a)
earthworms and (b) hagfish that feed
on the waste and remains of other
organisms are called detrivores.

Carpenier
ant galleres

Bark bestla
Ersgraving

Long-horned
beetle holes

Figure 6 Decomposers such as fungi
and bacteria, as well as detrivores like
insects and other scavengers, form a
complex community within a log.
e DILTen Aovn By deCorideer Eventually they break the log down,
into plant nutrients in soil releasing the nutrients into the soil.

Wood Mushroom
reduced

Time progression ﬂ

TRY THIS: Leaf Debris

Skills Focus: conducting, recording, communicating, questioning, observing, predicting

In this activity, you will explore leaf litter for signs of decomposers 2. Observe the leaves under a hand lens or dissecting
and the work that they do. microscope. Look for any signs of decomposers.
Materials: fallen rotting leaves; hand lens or dissecting A. What characteristics help you to identify a decomposer?
microscope B. What kind of organism is mould? What role do moulds play in
a forest ecosystem?
0 Some people have reactions to airborne microbes C. What other organisms can you find in your sample? What
in decomposing material. Use caution if you have roles do they play in a forest ecosystem?

L i o arhus, D. What do you think will eventually happen to the material

contained in the leaves?

1. Collect some fallen leaves that have been on the ground for

: E. Select two abiotic factors and predict how they will affect the
some time.

process occurring in the rotting leaves.
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Figure 7 Not all predators are fast,
with sharp claws and teeth. This sea
star is a predator.

@—~ Investigation «———

Predator-Prey Simulation
To perform this investigation, turn to
page 44.

In this investigation, you will simulate
the interactions between a predator
and a prey species.

Predators

Predation occurs when a consumer captures and eats another organism,
such as when a predator like a mountain lion, captures, kills, and eats a prey
animal such as a deer. It is common to think of predators as fast-moving
carnivores, but the term more broadly refers to any consumer in an
ecosystem. Organisms as varied as sea stars, centipedes, rabbits, and tigers
are all predators (Figure 7).

At first glance it might seem that a predator simply reduces the
population of prey in a community. However, there tends to be a cyclic rise
and fall in both populations called the predator—prey cycle (Figure 8). The
cycle begins when the prey population decreases as the predators eat the
prey. Then, the predator population decreases as available prey run out.

The cycle continues as the decreased number of predators allows more prey
to survive, and the prey population rebounds. The predator population then
increases because it now has an abundant food supply. The predators reduce
the prey population and the cycle begins again. A distinct characteristic of
this cycle is the time lag of the predator population. This refers to the delay
as the predator population responds to the changes in the prey population.

The cycle in actual populations, such as the Canadian lynx and the
snowshoe hare (Figure 9) is much more complex than the simple
predator—prey cycle predicts, and only slightly resembles the simplified
model shown in Figure 8. However, the model remains useful to understand
the cycling of the two interrelated populations. @—‘ Investigation

In natural populations there are several other environmental factors at
work, and effectively two predator—prey cycles. Remember! Herbivores are
predators as well, and have a predator—prey relationship with the plants they
eat. Both populations are interacting with the prey they consume.

Changes in Predator
and Prey Population Size

IItime lag
/

predator
prey

Population

Time

Figure 8 The predator—prey model describes
the cycling of the predator and prey
populations.

Figure 9 The interaction between the snowshoe
hare and the Canadian lynx is one of the best known
illustrations of the predator—prey cycle.
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Compare the following terms. Give both
similarities and differences.
(a) producer and consumer
(b) omnivore and carnivore
(c) carnivore and herbivore

The word “autotroph” literally means “self-
feeder.” Why is this term appropriate in
reference to producers?

The word “heterotroph” literally means “other-
feeder.” Why is this term appropriate in
reference to consumers?

How does a consumer differ from a
decomposer?

What role do decomposers fill in an ecosystem?

List five producers and five consumers that live
near your home.

Compare a herbivore, a carnivore, and a
detrivore. Indicate both similarities and
differences.

In your own words, define “nutrient.”

9. Which of the following classifications is most

appropriate for bread mould and mushrooms?
A. producers

B. herbivores

C. carnivores

D. decomposers

Often farmers will plough the remains of their
crops into the soil. Explain why this is a better
option than taking them away to burn.

Which of the following terms refers to
organisms that are able to cause
biodegradation?

A. herbivores

B. omnivores

C. carnivores

D. decomposers

12.

15
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CHI::CK YOUR Understanding

The word “omnivore” is from two Latin words:
omne meaning “all” or “everything,” and vorare
meaning “to devour.” What characteristic of
omnivores makes this an appropriate name for
them? In what ways is the name misleading?

The interaction between the snowshoe hare and
the Canadian lynx has been documented for
over 100 years.

(a) In what ways is the predator—prey cycle
shown in Figure 10 similar to the idealized
model shown in Figure 8?

(b) In what ways is it different?

(c) Suggest factors that may be responsible for
any difference you see.

Population Cycle for Snowshoe Hare and Canadian Lynx

q e haTE
” lynx

J

O T T T T T T T T 1
1845 1855 1865 1875 1885 1895 1905 1915 1925 1935

Year

Figure 10
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Create a six-column table with the following
headings: producer, herbivore, carnivore,
omnivore, decomposer, detrivore. Insert
examples of each type of organism in the
proper column.

Draw the predator—prey cycle shown in Figure 8
into your notebook. Describe what happens to
cause each direction change on the graph.
Clearly label the time-lag.

2.2 Ecological Roles and Relationships




Figure 1 A fungus and a green algae
form a composite organism (a lichen)
through symbiosis.

LEARNING TIP «

Periodically stop reading to recall what
you have read. Ask yourself, “What are
some examples of mutualism,
commensalism, and parasitism?”

Symbiosis

Symbiosis refers to any close relationship between two different species.
Symbiotic relationships are the most specialized form of species interaction
and each species often develops very specialized behaviours, life cycles, or
structures. There are three types of symbiotic relationships: mutualism,
commensalism, and parasitism.

Mutualism is a relationship in which both species obtain some benefit
from the interaction. For example, lichens are made up of a fungus and a
photosynthetic organism, usually a green algae. The fungus grows around
the algae, protecting the algae which then makes food for the fungus
through the process of photosynthesis (Figure 1).

Commensalism is an interaction in which one organism benefits while
the other is unaffected. Relationships of this type often are difficult to detect
and the term is usually applied to situations where there is no obvious cost
or benefit to one of the organisms. For example, the relationship between
barnacles and grey whales is usually classified as commensalism. The
barnacles live on the hide of the whale and feed passively from the water
passing by, while there is no apparent benefit or harm to the grey whale
(Figure 2).

Figure 2 The whale barnacle has a commensal relationship with the grey whale.

Parasitism occurs when one organism lives and feeds on, or in, the
body of another organism called the host. The parasite benefits from the
relationship by getting its nutrients from the host. The host is harmed by
the relationship, but the death of the host means the loss of a habitat for
the parasite, so the host’s death usually comes slowly, if at all. From the
perspective of any host, the parasite is harmful. The host is often starved for
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nutrients, and may be unable to reproduce or carry out some basic life STUDY TIP «
functions. However, parasites can have a positive role, because they control A summary answers the QUESHITR;

A . ; “What is the writer really saying?
species’ population growth and prevent them from becoming too abundant.

: ; . ; Create a summary card for the three
In this way, parasites ensure the survival of the strongest and healthiest types of symbiosis. Ask yourself, “What

members of a population. Nevertheless, parasites are responsible for many are the main ideas in each paragraph?
serious diseases. How would | explain them in my own
Biologists estimate that as many as 25 % of all animal species may be L

parasites. Parasites often have hooks or suckers for attaching to the host.
In some parasitic species, only the reproductive system is well developed.
Tapeworms that live in the intestine of their host can absorb nutrients
directly through their skin. Tapeworms, ticks, and fleas, as well as many
bacteria and protozoa, are among the parasites that are responsible for
widespread disease among animals and humans (Figure 3).
Many plant parasites gain nutrients from a host plant instead of
producing their own food through photosynthesis. Some plant parasites
cannot photosynthesize at all, and must gain nutrients from a host plant
- : ; X i To learn more about
instead. Mistletoe is a common parasite of lodgepole pine and Douglas fir parasitism, go 1o
trees in British Columbia (Figure 4). Q o Www.science.nelson.com @

Figure 3 The tapeworm is highly specialized for survival in the Figure 4 Parasites like mistletoe can cause damage to trees in British
mammalian digestive system. Columbia’s forests.

TRY THIS: Host Sweet Host

Skills Focus: recording, communicating, researching

Parasites are not usually the primary cause of the death of the host 2. Research the methods by which it gets from one host body to
organism. Instead, the host organism dies from a secondary cause the next.

due to its weakened condition. Parasites often have very complex www.science.nelson.com @

life cycles that help them to move to a new host body on a reqular

A. Draw the life cycle of your chosen parasite, indicating how it

basis.
moves between hosts.

rials: i : - :
e e KL B. How does the parasite get its nutrients?

1. Choose an internal parasite to study, such as a fluke, a C. Describe the effect of the parasite on the host's body.
tapeworm, a roundworm, or a species of Plasmodium or

Trypanosome.
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What characteristics of parasitism would lead B

some scientists to classify it as a form of
predation? What characteristics of parasitism
suggest that it is not a form of predation?

Why is it often difficult to distinguish between
mutualism and commensalism?

Give an example of a situation in which humans
are involved in symbiotic relationships,
including commensalism, parasitism, and
mutualism.

Suggest several reasons why it is beneficial for a
parasite to be small.

Create a graphic organizer to compare the
different types of symbiosis.

Which type of relationship is illustrated by each

of the following situations?

(a) a small tick that slowly sucks the blood from
a black tail deer

(b) a grizzly bear that leaves the bodies of
salmon as food for birds and small
mammals

(c) abat that pollinates a plant as it feeds on
nectar from a flower

11.

In which of the following situations do both
organisms benefit?

A. predation

B. parasitism

C. mutualism

D. commensalism

Streptococcus bacteria in the human mouth
digest sugars and produce lactic acid that
dissolves tooth enamel, causing cavities. Which
of the following types of interactions is
represented by this example?

A. predation

B. parasitism

C. mutualism

D. commensalism

Unit A Sustainability of Ecosystems

(CHECK YOUR UnJerstanding

10.

11.

15

113y

Corynebacterium are microscopic bacteria that
live on the surface of the human eye. They feed
off the secretions and discarded cells and do not
seem to affect the human they are living on.
Which of the following types of interactions is
represented by this example?

A. predation

B. parasitism

C. mutualism

D. commensalism

Helicobacter pylori is a bacteria that can thrive in
stomach acid, where they are known to cause
stomach ulcers. Which of the following types of
interactions is represented by this example?

A. predation

B. parasitism

C. mutualism

D. commensalism

Biologists estimate that as many as 25 % of all
living things are parasites. Suggest several
characteristics that may allow them to be so
successful.

Many parasites have complex life cycles
involving two or more host species. How does
this fact ensure the survival of the parasite?

Explain how parasites may actually improve the
survival of many animal populations.

Some plant species have a mutualistic
relationship with a single species of pollinator.
Explain how this might be an advantage to the
plant. Explain how this might lead to the
extinction of the plant species.
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Trophic Levels and Energy Flow

As one organism eats another, nutrients and energy move through the
ecosystem, passing from producers to consumers. The nutrients are recycled

To learn more about energy

through the process of biodegradation but the energy only moves in one flowing and materials cycling,
direction through the community (Figure 1). This means that ecosystems watch the animation at
require a continuous source of energy, such as the Sun. @ o WWw.science.nelson.com @

PRIMARY SECONDARY TERTIARY
PRODUCERS CONSUMERS CONSUMERS CONSUMERS
Plants Herbivores Carnivores Top Carnivores

Figure 1 Nutrients cycle through
ecosystems, but energy flows and
g T eventually leaves. Energy must be

; % continually supplied to the ecosystem
Detrivores
and Decomposers by the Sun.

A trophic level describes the position of the organism in relation to the
order of nutrient and energy transfers in an ecosystem (Figure 2). All
producers belong to the first trophic level. The herbivores that consume the
producers belong to the second trophic level, while carnivores occupy the

upper trophic levels. Decomposers play a unique role and consume material To test your knowledge about
from all of the trophic levels, so they can be shown in all consumer trophic trophic levels, go to
levels. @ o WWW.science.nelson.com @

Figure 2 In an ecosystem, all of the
organisms that consume the same type
of food belong to the same trophic
level. Decomposers could be shown at
each consumer trophic level because
they consume material from all trophic
fevels.

Trophic Levels and Energy Flow
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Figure 3 This food chain shows one
way that nutrients and energy might
flow in an ecosystem found in the
waters of the Pacific Ocean off the
coast of B.C.

3

LEARNING TIP »

As you examine Figure 3, make
connections to what you already
know. How is a food chain connected
to what you have already learned
about producers, consumers, and
trophic levels?

Food Chains

A pathway taken by nutrients and energy through the trophic levels of an
ecosystem is called a food chain. A diagram for a food chain shows arrows
directed from one species to the next. The arrows indicate that the first
organism is food for the next. Within an ecosystem, many food chains will
exist and interact. Grazing food chains involve the typical producer—
herbivore—carnivore pathway. Herbivores are primary consumers and they
eat the producers from the first trophic level. Carnivores that eat herbivores
are called secondary consumers. These include organisms like foxes, praying
mantises, and salmon. Tertiary (or third level) consumers eat these
secondary consumers. Tertiary consumers, such as eagles or harbour seals,
might become food for quaternary (fourth level) consumers. Organisms like
killer whales or lions might be included in this group. The top carnivore is at
the highest trophic level, and has no natural predators. Its body, along with
others in the community, decomposes after death and provides nutrients to
the producers in the community.

Figure 3 shows an example of a simple grazing food chain for the waters
off the coast of British Columbia. In this ecosystem, algae are the producers.
They may be eaten by shrimp, which are in turn eaten by salmon. A sea lion
may feed upon the salmon, and a killer whale might be the top carnivore.
Food chains highlight predator-prey cycles that exist within a community.
It is clear that the size of one population could affect others. If the number
of killer whales increases, it is likely that there will be a decrease in the
number of seals, which in turn leads to an increase in the number of
salmon. A change in one population sends a ripple of change through the
food chain. The simplified feeding model represented by the food chain
becomes useful in monitoring population changes within an ecosystem.
There are many examples of grazing food chains, but they all start with a
producer and end with a carnivore.

Ecologists have traditionally placed decomposers as the final step in a
grazing food chain, but now consider them separately. A detritus food chain
begins with dead material and waste. Bacteria and fungi, along with the
materials they decompose, become food for scavengers such as worms,
millipedes, or larger decomposers, and in turn, these organisms are eaten by
small carnivores (Figure 4). When an organism is eaten, there are always
some parts that are not able to be digested by the consumer. A wolf that eats
an elk cannot digest the antlers, hooves, teeth, hair, and bones. As a result,
most of the energy contained in these components does not move through
the grazing food chain. Instead, the nutrients contained in these materials
become available to decomposers, or are slowly broken down by sunlight
and weathering. In this way, the nutrients contained in waste material are
recycled for use by other organisms. In ecosystems with deep rich soil, over
90 % of the nutrients and energy contained in plants decompose and move
through the detritus food chain. Ecosystems with few decomposers have very
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little decay. As a result, the soil tends to be thin and low in nutrients. The
condition of the soil is important in determining the types of producers that
can grow, and therefore also affects the types of communities that can
develop.

The detritus food chain is important in another way as well. Scavengers,
such as vultures, prevent the spread of disease as they feed on the decaying
bodies of recently killed animals. In this way, they help to maintain the
health of plant and animal populations within the ecosystem. The grazing
and detritus food chains are closely linked because small carnivores like
shrews and raccoons are often part of both energy pathways.

dead leaves bacteria millipede shrew raccoon

Figure 4 The detritus food chain makes the nutrients in dead organisms and waste available to other organisms.

TRY THIS: Exploring a Detrivore Microhabitat

Skills Focus: questioning, observing, identifying, concluding, recording, communicating

Explore the decomposers and detrivores in a rotting log. 3. Use your tools to carefully pry open the log.

Materials: gloves, safety goggles, tools (such as screwdriver,
pliers, hammer), newspaper or large garbage bag, large plastic
basin, newly collected rotting log, several small dishes or jars,
magnifying glass or hand lens, field guides

0 Be careful of centipedes; they are capable of

inflicting a painful bite. Wear gloves when collecting

L the log.

1. Collect a section of rotting log with as much moss, fungus,

and decay as possible.

2. Put on gloves and safety goggles. Place your log section in a

large plastic basin on newspaper or a large garbage bag.

NEL

4. Place any organisms you find in several small dishes or jars for

closer observation.

. Use a magnifying glass or hand lens and field guide to

identify your organisms. If you cannot identify them, carefully
describe them.

. Which components that you observed are parts of the log

ecosystem and which components are parts of the log
community?

. Describe one organism—organism interaction you observed.
D. Describe one organism—environment interaction you observed.
. Draw one food chain that occurs within the community that

lives inside the rotting log.

2.4 Trophic Levels and Energy Flow




Food Webs

Energy relationships in a real ecosystem are too complex to be illustrated by
a single food chain. Most consumers eat a variety of foods, and more than
one consumer species will eat the same species of organism. A more accurate

LEARNING TIP o picture of the nutrient and energy pathways in an ecosystem can be seen in a
Pause, think, and evaluate what you food web, which represents many cross-linked food chains (Figure 5). The
have leared. Ask yourself, “What do | organisms in a food web are arranged by trophic level, with the producers

now know about a f?Od €hin Eei and the consumers in successive levels. Figure 5 shows that a killer whale
food web that | didn't know before?

Have any of my ideas changed as a occupies the third, fourth, or fifth (top) trophic level, depending on the prey
result of what | have read? What it is eating. Often top carnivores will occupy more than one trophic level
questions do | still have?” because of the limited availability of prey at the top level.

killer whale

sea lion

medium sized fish

Q

phytoplankton zooplankton

Figure 5 A food web, like this one for the Pacific Ocean, gives us a more complete picture of all of the different feeding relationships in an
ecosystem.
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. Why is sunlight essential to most food chains
and food webs?

2. Explain the term “trophic level” in your own

words.

Define and give three examples of a top
carnivore.

4. Contrast food webs and food chains.

5. Energy flows through two different food chains

6.

10.

NEL

in an ecosystem: grazing and detritus food
chains. Describe each food chain. How does
energy enter and leave each food chain?

Consider the food chain shown in Figure 6.

grass —» insect — snake

frog —»

Figure 6

(a) How would a decline in the number of frogs
affect each of the other organisms in this
food chain?

(b) Redraw this food chain with the addition of
bacteria, in order to show the role of
decomposers in this community.

Why is energy flow in an ecosystem considered
a one-way process?

(a) What type of food is eaten by a consumer in
the second trophic level?

(b) What type of food is eaten by a consumer in
the third trophic level?

Is it possible for an organism to belong to more
than one trophic level? Explain, using an
example and description.

In your notebook, sketch a food web containing
at least six organisms. Write labels to represent
the organisms. Complete the food web by
connecting the organisms with arrows.

—ET - T——

CHECI_( YOUR Understandmg

11.

12.

What is meant by the statement “nutrients cycle,
but energy flows™?

Use the food web shown in Figure 7 to answer

the following questions:

(a) Which organisms are the top carnivores in
this food web?

(b) Which organisms are the producers in this
food web?

(¢) If the population of grasshoppers was
eliminated from the area, what organisms
would lose one of their food sources?

(d) Which organisms in the food web could be
classified as primary consumers? Which
organisms in the food web could be
classified as secondary consumers?

killer whale
A
red-tailed '.
hawk bald eagle‘ harbour seal
N R £l
1
snow goose ', /  herring salmonl

d_}_l.i,\_—f‘&ra: J \\"‘«\ ./
sna||—>voi\ K“M grass qp..e..
_‘.-'__ —

\ — —_...mosqwto

anys m*cn

Figure 7

2.4

Trophic Levels and Energy Flow




KELP FOREST

KELP-MART: THE BOUNTY OF A

The biodiversity found in kelp forests is part of one of the most
dynamic and productive ecosystems found anywhere in the

biosphere.

The diversity of organisms that make
kelp forests their home is impressive
(Figure 1). These plant-like giants of the
sea can grow as much as 30 cm each
day. They prefer cold, nutrient-rich
waters that form the base of one the
most biologically productive and
dynamic ecosystems on Earth and
extend into both the Arctic and Antarctic
circles. Foraging sea otters, frolicking in
the tangles of long stipes of B.C. coastal
kelp forests, are offered a diverse buffet
of sea urchins, clams, and crabs. Found
in shallow, open coastal waters
worldwide, kelp forests not only provide
a plentiful bounty for the ocean but also
a staggering array of products useful to
humans.

Brown seaweeds, such as those of
kelp forests, produce substances called
alginates. Alginates are classified as
complex carbohydrates and possess a
unique molecular structure that forms
heat-stable, non-melting compounds.
These compounds are ideal as food
stabilizers and thickening agents to
prolong the shelf life and increase the
mass and volume of food products.
Imagine runny ice cream or watery
Ranch salad dressing. Without alginates,
you would probably not experience
mealtimes in the same way. In fact, you
probably consume alginates daily
because their use is so widespread in
our food products.

Awesome

SCIENCE

Often labelled as sodium alginates,
these food additives can be found in ice
cream, soups, creamy liquids such as
salad dressings, yogurt, relishes and
sauces, and both frozen and dehydrated
foods. Products of algae can also be
found in cosmetics, antacid preparations,
and paper and textile products.

So, the next time you make a trip to
the grocery store, remember the
extensive contribution of the kelp
forests. Not only are they the producers
in intricate ocean food webs, but they
are also the source of key ingredients
that give many of our manufactured
food products the texture and
appearance we expect and demand as
discerning consumers,

Figure 1 Otters are not the only creatures that take advantage of the keip forests!




Ecological Pyramids

Often, the pathway of energy through an ecosystem is illustrated by an Did You

ecological pyramid, also called a food pyramid. Ecologists use three basic "

types of pyramids: a pyramid of energy, a pyramid of numbers, and a @

pyramid of biomass. Where Does the Energy Go?

The First Law of Thermodynamics
states that energy cannot be created

Pyran“d Of E“ergy or destroyed but can only change

A pyramid of energy is an ecological pyramid that uses blocks of different from one form to another. The Second
lengths to represent how much energy is available in each trophic level. The Law of Thermodynamics states that
blocks are stacked one on top of the other, with producers on the bottom ?Vr\loeréiefrfz}r/ etr:?rf‘;fr?r:?;tf:v:re t;/\(;?)e& .
and carnivores on the top. The size of each layer represents the amount of Some energy is always lost as heat in
energy present in that trophic level. Since the amount of energy available at the process.

each trophic level is less than the one below it, the diagram always has a
pyramid shape (Figure 1), however, the size of the layers is not always
proportional.

On average, only about 10 % of the energy present in
one trophic level is passed on to the level above, as
shown in Figure 1. Most of the energy at any level is
used for basic life processes of the organisms at that
level, such as movement, reproduction, and maintaining
body temperature. Energy is also lost as heat at each
trophic level, reducing the energy available to the next
level even more. The low rate of energy transfer limits prodcens
the number of trophic levels. Ecosystems rarely contain -
more than four levels because there is simply not

Figure 1 In a pyramid of energy, the amount of energy passing from
- i : one trophic level to the next is not always constant. The basic shape
enough energy in all the organisms at the top trophic of the energy pyramid is constant however, and each level is always

level to support any more levels above them. smaller than the one below it.

TRY THIS: The Energy You Eat

Skills Focus: recording, evaluating, analyzing, communicating

You can determine how much land was needed to produce the 3. Determine how much land was needed by dividing the energy
foods you eat. intake from plants by 8350 kJ/mZ, and dividing the energy
Materials: notebook or graphic organizer intake from animals by 835 ki/m?.

A. Is it a more efficient use of land to eat plant or animal

1. Record amounts of everything you eat in a 24-hour period. ,
products? Explain.

Determine how many kilojoules you ate from plant and from

animal products, using an energy counter or by recording B. What changes could people make to their diets in order to
values from packaging. reduce the amount of land needed to make their food?

2. To determine your annual energy intake, multiply your values C. How might your average energy intake compare with people
by 365 days. fiving in less developed regions of the world?

NEL 2.5 Ecological Pyramids




LEARNING TIP «
Reinforce your understanding of
pyramid of numbers and pyramid of
biomass by examining Figures 2 to 4.

Peat Bog
third trophic level;
9 g falcon

second trophic level;
45 g duck

first trophic level;
976 g moss, algae

Figure 4 A typical pyramid of biomass

Pyramid of Numbers

A pyramid of numbers represents the actual number of organisms present
in each trophic level. The shape of a pyramid of numbers varies widely
depending on the physical size of the producers. For example, grasslands

have very large numbers of small producers, while a forest of similar size
might contain only a few large trees. A single tree might support thousands
of small herbivores like insects. For a grassland community, a pyramid of

numbers would have the typical shape (Figure 2). For a forest community,
the producer level would likely be smaller than the herbivore layer above
it (Figure 3). This distorted shape can be expected whenever a few large
producers support large populations of small herbivores.

Grassland
fourth trophic level;
9 owls

third trophic level;
105 shrews, moles

second trophic level;
50 000 grasshoppers,
snails, slugs

first trophic level;
100 000 grasses

Figure 2 In a grassland community, there are
fewer carnivores than herbivores and many
more producers than herbivores.

Pyramid of Biomass

Forest fifth trophic level;
1 falcon

fourth trophic level;
3 robins

third trophic level;
105 ladybugs

second trophic level;
100 000 insects

first trophic level;
50 trees

Figure 3 Pyramids of numbers are poor
indicators of available energy. In a forest
community, a single large organism such as a
tree could be food for many small herbivores.

Ecologists attempt to represent the total mass of the living things in each
trophic level using a pyramid of biomass. These pyramids provide a
snapshot in time of the mass at each trophic level in a community. In most
communities, the pyramid of biomass has the standard pyramid shape
(Figure 4), but sometimes the shape is inverted. This usually occurs in

aquatic systems when a small biomass of producers, such as algae, supports
a larger biomass of herbivores, such as fish. This is possible because the algae
reproduce very quickly and are able to replace the biomass that is being

consumed.

Unit A Sustainability of Ecosystems
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(CHECK YOUR Understanding

Why are producers essential to a stable
ecosystem?

List two factors that are responsible for the
small percent of energy that passes from one
trophic level to the next.

Why can more herbivores than carnivores live in
equal-sized ecosystems?

On average, how much energy is available to
organisms in the third trophic level if 5000 kJ
were available at the first trophic level?

A. 5K

B. 50k]
C. 500 kJ
D. 5000 kJ

Describe the effects of removing all of the
herbivores from an ecosystem. Which organisms
would be affected and how?

Explain why ecosystems usually contain only a
few trophic levels.

Why do energy pyramids have the specific shape
that they do?

Explain the similarities and differences between
an ecological pyramid of energy, a pyramid of
biomass, and a pyramid of numbers for a
coniferous forest.

You have the option of choosing between a beef
steak or a plate of beans and rice. Both meals
provide you with 1000 kJ of energy. How will
your choice affect the amount of energy
required from the ecosystem?

10.

11.

12.

13.

14.

15.

e

Create a concept map that shows the path of
energy in an ecosystem. Include the following
terms in your diagram: herbivore, producer,
carnivore, detrivore, trophic level, food web,
food chain, and any additional terms you
require.

Why does energy only flow in one general

direction (from producer to consumer) in an
ecosystem?

Which biome is most likely to have a pyramid
of numbers that looks like Figure 5? Justify your
answer.

Figure 5

Draw two different energy pyramids for the
food web in Figure 5 on page 36.

How might the shape of an energy pyramid
differ throughout the year in a region that has a
cold winter and a warm summer?

What types of organisms are able to make use of
the energy that is not present in the top level of
an energy pyramid?

2.5 Ecological Pyramids




The Effect of Abiotic Factors
on a Yeast Population

In this investigation, you will observe the effect of
changes in abiotic factors on the growth of a yeast

population. Yeast is a type of fungus and is often used

in the production of bread.

Question
What are the optimal conditions for the growth of
yeast?

Prediction

Predict what conditions of temperature, pH, and
nutrient availability will be best for the growth of
yeast.

Experimental Design

In this investigation, you will observe evidence of
yeast growth under different experimental
conditions. The population’s cellular activity will be
measured under different abiotic conditions.

Materials
» 8large clean test tubes labelled #1-#8

25 mL graduated cylinder
3 600 mL beakers

o thermometer

e measuring spoons

e active dry yeast

» sugar

e vinegar (acid)

e ammonia solution (base)
» pH paper

o ice

« safety goggles

Unit A Sustainability of Ecosystems

« Investigation .

O Questioning @ Conducting @ Evaluating

O Hypothesizing @ Recording @ Synthesizing
® Predicting @ Analyzing @ Communicating
O Planning

0 Acids and bases, even weak ones, can cause

irritation to skin. If any acid or base solution is
spilled, clean it up immediately. If any solution falls
on skin, flush it well with running water. Report any
instances to your teacher.

Procedure

Part 1: The Effect of Temperature on Yeast
Respiration

1. Read through the Procedure and copy the tables
to record your observations in each part.
Remember to give your tables a title.

2. Put on your safety goggles. Prepare three
separate water baths in the 600 mL beakers: one
bath at 0 °C (containing ice water), one bath at
50 °C, and one bath near 100 °C.

3. Measure 2.5 mL of yeast and 2.5 mL of sugar
into three separate test tubes labelled #1, #2, and
#3. Add 10 mL of room-temperature water to
each of the test tubes. Place one test tube into
each of the three water baths.

4. Leave the test tubes in the water baths for
15 min. Record your observations in Table 1.
While you are waiting, set up Part 2 of the

Investigation.
Table 1
Test tube | Temperature | Observation
#1 g€
#2 50 °C
#3 okie




Part 2: The Effect of pH on Yeast Respiration

5. Measure 2.5 mL of yeast and 2.5 mL of sugar
into another set of test tubes labelled #4, #5, and
#6. Add 10 mL of water to test tube #4. Add
10 mL of acid solution to test tube #5. Add
10 mL of base solution to test tube #6.

6. Use the pH paper to determine the approximate
pH of each solution. Place all three test tubes in
the 50 °C water bath.

7. Leave the test tubes in the water baths for
15 min. Record your observations in Table 2.
While you are waiting, set up Part 3 of the
Investigation.

Table 2
Test tube | pH

Observation

#4

#5

#6

Part 3: The Effect of Nutrient Availability on
Yeast Respiration
8. Measure 2.5 mL of yeast into two test tubes
labelled #7 and #8. Add 2.5 mL sugar to test
tube #7. Do not add any sugar to test tube #8.
Add 10 mL of room-temperature water to each
test tube. Place both test tubes in the 50 °C
water bath.
9. Leave the test tubes in the water baths for
15 min. Record your observations in Table 3.

Table 3

Test tube | Nutrient Observation
#7 Sugar present
#8 Sugar absent

NEL

Conclusion
Complete the following items to answer the question
posed at the beginning of the investigation.

Analysis

(a) What temperature was most suitable for the
growth of yeast? Suggest a reason for this
conclusion.

(b) What pH was the most suitable for the growth
of yeast? Suggest a reason for this conclusion.

(c) What effect did the presence of sugar have on
the rate of yeast growth?

Evaluation

(d) Did your observations support your prediction?
Explain.

(e) Why was it important that all of the materials
added to each test tube were accurately
measured?

(f) Three test tubes containing water and sugar
were placed in the 50 °C water bath. Did they all
produce the exact same result? Explain any
differences.

(g) For each of the three parts of this experiment,
list the independent variable.

(h) Describe what measures were taken to ensure
that each part of this experiment was
controlled.

Synthesis

(i) How does this investigation show that biotic
and abiotic factors are interacting?

(j) List three additional abiotic factors that you
think might affect the growth rate of yeast.

(k) How can an understanding of abiotic factors
assist farmers in finding the best farming
techniques?

(I)  Use the term “limiting factor” to summarize the
observed effects of temperature, pH, and
nutrient availability in this investigation.

Chapter 2
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Predator-Prey Simulation

Ecologists often use models and simulations to help
understand natural processes. In this investigation,
you will simulate a predator—prey relationship
between two species: the great horned owl and the
white-footed deer mouse (Figure 1).

Figure 1

Question
Can a predator—prey relationship effectively regulate
the size of both species’ populations?

Prediction
Predict what pattern will describe the changes in size
of the predator and prey populations.

Experimental Design

In this investigation, you will use models of predators
and prey to simulate the predator—prey cycle
responsible for population regulation.

Unit A Sustainability of Ecosystems

« Investigation «

M RY ! q;&‘;i 5
O Questioning @ Conducting @ Evaluating
O Hypothesizing @ Recording ® Synthesizing
@ Predicting @ Analyzing @ Communicating
O Planning
Materials

o metre stick

e 20 10 cm X 10 cm cardboard squares (predator)
e 200 3 cm X 3 cm paper squares (prey)

e masking tape

 graph paper

2 coloured pencils

Procedure

1. Use masking tape to markouta 1 m X 1 m
boundary on a flat tabletop or floor. You may
also use a flat desktop.

2. Scatter five prey cards throughout the area.
Hold a predator card at least 10 cm above the
surface and drop it in the marked area, trying to
capture as many prey as possible.

3. If the predator card touches at least three prey
cards, remove those prey cards. They have been
eaten.

4. If the predator card does not touch at least three
prey cards, remove the predator card and leave
the prey cards. The predator has starved.

5. If at any time the number of prey or predators
drops to zero, replace them with five prey or one
predator card as needed.

6. Copy Table 1 in your notebook. Leave room for
additional rows, and give it a title. Record the
number of surviving prey and surviving
predators. This represents one generation. You
will need to record 20 generations.

7. Double the population of surviving predators
and surviving prey. They have reproduced.

8. Scatter enough prey cards to represent the new
population of the area.

NEL




Table 1

Generation Initial prey Prey caught

Surviving prey

Initial predators Surviving predators

5

1

gbu‘il\)—\

9. Continue to repeat Steps 3 through 8 for a total
of 20 generations.
10. Graph the number of prey and predators
present at the beginning of each generation. Use
a scale of 0-200 for prey and 0-20 for predators.
Include this as part of your results.

Conclusion
Complete the following items to answer the question
posed at the beginning of the investigation.

Analysis

(a) Which population showed the first increase in
size?

(b) Which population showed the first decrease in
size?

(c) What maximum predator population was
reached in your simulation?

(d) What maximum prey population was reached in
your simulation?

Evaluation

(e) What factors limit the size of the owl (predator)
population?

(f) What factors limit the size of the mouse (prey)
population?

(g Use the results of your simulation to describe
the principle of time lag.

NEL
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Synthesis

(h) Explain how your results might change if the

(@)

()

(k)

area were larger or smaller.

Copy the idealized predator—prey cycle shown
in Figure 7 in your notebook. What aspects of
your simulation would cause your
predator—prey cycle to differ from the idealized
model?

Changes in Predator
and Prey Population Size

time lag

predator
prey

Population

Time

Figure 7

What factors cause predator—prey cycles among
actual populations to differ from the idealized
predator—prey cycle?

Explain how the owl population could be
replenished even when all of the owls present
have starved to death.
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CHAPTER

« Review e«

2

Interactions in Ecosystems

Key Ideas

Living things are connected to each other in complex
interrelationships.

Living things interact on several levels of organization: organism,
population, community, ecosystem, and biosphere.

A community of organisms and the non-living environment make up an
ecosystem.

Organisms can be producers, consumers, herbivores, carnivores, or
decomposers in ecosystems.

Predators and prey control each other’s population size as they go
through cycles in their relationship.

Symbiosis describes complex relationships occurring between two species.

The types of symbiotic relationships are mutualism, commensalism, and
parasitism.

Biotic and abiotic factors are responsible for shaping a community of
living things.

46

Relationships between organisms and their environment include both
living (biotic) and non-living (abiotic) components.

Abiotic factors determine the types of organisms that can exist in a
community and the characteristics of the environment.

Biotic factors change continually in response to each other.

Unit A Sustainability of Ecosystems

Vocabulary
ecology, p. 21
organism, p. 21

habitat, p. 21
population, p. 21
community, p. 22
ecosystem, p. 22
biosphere, p. 22

biotic factors, p. 22
abiotic factors, p. 22
dynamic equilibrium, p. 23
limiting factor, p. 23
nutrients, p. 25
producer, p. 25
autotroph, p. 25
consumer, p. 26
heterotroph, p. 26
herbivore, p. 26

primary consumet, p. 26
zooplankton, p. 26
carnivore, p. 26
omnivore, p. 26
detrivore, p. 27
decomposer, p. 27
biodegradation, p. 27
predation, p. 28
predator, p. 28

prey, p. 28
predator—prey cycle, p. 28
symbiosis, p. 30

mutualism, p. 30




Nutrients cycle within ecosystems. commensalism, p. 30
 Food chains and food webs show how nutrients cycle through ecosystems. parasitism, p. 30
 Each type of organism is found at a trophic level in a food chain or web. host, p. 30

» Decomposers play an important role in recycling nutrients. parasite, p. 30

trophic level, p. 33

food chain, p. 34

food web, p. 36
ecological pyramid, p. 39

dead leaves bacteria millipede shrew raccoon food pyramid, p. 39
pyramid of energy, p. 39

Energy flows through ecosystems. P O U e

o The primary source of energy for living things is the Sun. pyramid of biomass, p. 40

¢ Producers are able to convert solar energy into a form that living things
can use.

» Energy passes from producers to herbivores to carnivores.

» Most terrestrial ecosystems have only three or four trophic levels because
energy transfer is inefficient.

» Only about 10 % of the energy at one trophic level is transferred to the
next trophic level.

herbivores (primary consumers)
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Many of these questions are in the style of the Science 10 Provincial Exam.
The following icons indicate an exam-style question and its cognitive level.

3 knowledge [ Understanding and Application [E[IE}Higher Mental Processes

Review Key ldeas and Vocabulary

1. Match the term on the left with the correct
definition on the right.

Term Definition

(a) biosphere [. A community as well as the physical
environment

(b) community | Il All of the ecosystems on Earth

(c) ecology 1l All of the individual populations in a

particular area

(d) ecosystem IV. All of the organisms of one type that

inhabit a particular area

(e) habitat V. An individual life form of one specific

type

(f) organism VI. The place where an organism or

population lives

(g) population | VII. The study of the interactions between
organisms and between their

environment

2. Explain the term “interconnectedness” as it
applies to ecology.

3. Identify each of the following as a population,
community, or ecosystem:
(a) a pod of killer whales
(b) a pack of wolves in a forest
(c) all of the living and non-living things in a
pond
(d) all of the organisms living in a decomposing
log
4. List five abiotic factors that affect life in
terrestrial ecosystems.

5. Describe five ecosystems of differing size.

6. What is the relationship between the first
trophic level and a primary consumer?

7. Which of the following terms does not represent
a level within the biosphere that is studied by
ecologists?

A. cell

B. ecosystem
C. population
D. community

Unit A Sustainability of Ecosystems

. Which of the following processes could produce

the energy necessary to support a community of
organisms in a deep cave in the total absence of
sunlight?

A. photosynthesis

B. biodegradation

C. decomposition

D. chemosynthesis

Use What You've Learned

9.

A student conducts an experiment to measure
the effects of pH on the growth of bread mould
(Rhizopus nigricans). The student moistened
slices of bread with solutions of three different
pH levels. The bread slices were incubated at a
constant temperature and observed for a period
of three days as recorded in Table 1.

Table 1

Day Number of mould colonies

pH=40 | pH=60 | pH=80

Start 0 0 0

1 0 7 1

2 1 15 5

3 2 27 S

(a) Graph the results of the experiment using
three line graphs on the same set of axes.

(b) To which pH is the bread mould best
adapted?

(c) What was the purpose of keeping the
temperature constant throughout the
experiment?

(d) List three other factors that must be kept
constant in order to ensure that the
experimental results are valid.

(e) List three other abiotic factors that might
affect the growth of bread mould.

(f) What would be an appropriate control for
this experiment?

NEL




10. Which of the following lists includes only

abiotic factors?

A. pH, height of trees, water temperature

B. temperature, annual precipitation, rock type

C. solar radiation, nutrient availability, number
of decomposers

D. salt concentration, stream flow rate,
migration pattern of reindeer

11. Which of the following characteristics

distinguishes decomposers from other

consumers?

A. the ability to produce food

B. their position within a grazing food chain

C. the tendency to gain nutrition from dead
organisms

D. the ability to chemically break down organic
compounds

12. Name and define four different categories of
consumers. Give two examples of each.

Think Critically
13.

A scientist is interested in creating a
conservation strategy at the ecosystem level.
Which of the following would she have to
consider for her strategy to be at the correct
level?
A. all regions of Earth where life exists
B. all members of all of the species in an area
C. all members of a single species in an area
D. all living and non-living things in an area
14. What type of food do organisms in the second
trophic level eat? What type of food do
organisms in the third trophic level eat?
15. Explain how changes in abiotic factors can
influence the types of communities that develop
in an area.

16. List three different abiotic factors and describe a
way in which each of them has had a direct
impact on your day so far.

NEL

17.

Use the food chain shown in Figure 1 to answer
the questions.

tree —»beetle — spider —» mouse —» hawk

Figure 1

18.

3 19.

20.

(a) What level of the biosphere is represented
by the food chain?

(b) Which of the organisms in the food chain is
an autotroph?

(c) Which of the organisms would belong to a
population with the least biomass?

(d) Which level contains the least energy?

Use your knowledge of ecological pyramids to
construct an energy pyramid, biomass pyramid,
and numbers pyramid for the food chain shown
in Figure 1.

A wolf that eats an elk cannot digest the antlers,
hooves, teeth, hair, and bones. What do these
materials represent?

A. matter available to omnivores

B. energy available to herbivores

C. energy not available to carnivores

D. matter not available to decomposers

What effect would spraying insecticides to kill
beetles have on the size of a hawk population in
the food chain shown in Figure 12 Explain your
reasoning.

Reflect on Your Learning

21

C

Scientists study many different ecosystems.
Some are small and some are large. Explain how
a puddle and a mountain range are both valid
ecosystems. What are the similarities and what
are the differences between these ecosystems?

Visit the Quiz Centre at» J

o WWW.science.nelson.com @
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Chapter Preview

The forest ecosystem shown here is amazingly complex. It
is a vast community of relationships, some more obvious
than others. Small voles depend on cold temperatures
and precipitation in order to burrow under the snow
during the winter, Other organisms depend on the small
voles as a food source. If changes occur in the vole
populations, the larger organisms are affected. This forest O
system and other ecosystems are extremely complex, yet
there are only a few basic principles at work. The
relationships between organisms in the forests of B.C.
would be impossible to describe entirely at any one time.
Yet at the root of this complexity are a few basic rules
that govern how the interactions occur. What moves (|>
between organisms in an ecosystem? How do changes in

one community impact on other communities?

KEY IDEAS

The biosphere contains

Species adapt to changes in
environmental conditions and to
other organisms.

() Species in communities interact in many
different ways.

Succession is an indication of change in an
ecosystem.

TRY THIS: Modelling Interactions in an Ecosystem

Skills Focus: predicting, analyzing, communicating

In this activity, you will try to model the relationships that exist 3. Model an organism leaving the area or dying oy letting go of

within an ecosystem. You will then be able to appreciate how a
single change can impact the entire system.

Materials: Ball of string or yarn, index cards from your teacher
(1 for each member of your group)

1. Your teacher will provide your group with cards representing
organisms. As a group, suggest relationships that may exist
among the organisms.

. Model these relationships by passing the ball of yam between
students holding the cards representing related organisms
until each organism is connected.

ARC

British Columbia

the connecting string.

A. In what ways was a single disturbance able to impact the

entire community?

. Consider an organism that is connected to a large number of
organisms. How would a disturbance of this population
compare to a disturbance in a population with fewer
connections?

This material has been created under the Canadian
Copyright Act (CCA) Section 32(1) for individuals with
perceptual disabilities. Further distribution or reproduction
of this material must comply with this act. All rights
reserved. For more information see www.arc-bc.org.
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in the Biosphere

Organisms are specialized for different living conditions in the biosphere.

At its most basic level, the distribution of life in the biosphere is largely
determined by two factors: average temperature and average precipitation
(Figure 1). The long-term pattern of temperature and precipitation is called
climate. These long-term weather patterns are largely affected by location on
Earth. Particularly important are latitude (the distance from the equator),
and elevation (height above sea level) as shown in Figure 2, and distance
from a body of water. The abiotic factors that tend to differ by location and
influence global climate patterns are amount of solar energy, wind patterns,
and ocean currents. You will learn more about these factors in Unit E.

increasing elevation

Factors Affecting Abiotic Conditions

Solar energy

Solar energy is responsible for determining average temperature at various
locations on Earth. In the region near the equator, the Sun’s rays hit Earth
directly, creating a climate with a higher average temperature than at Earth’s
poles. The solar energy is less intense at the Earth’s poles because it is

3.1 The Distribution of Organisms in the Biosphere

The Distribution of Organisms

LEARNING TIP

You will notice that Chapter 3 includes
many new terms. These are words that
you need to know. To get a head start
on your studying, make vocabulary
cards. On one side of the card, write
the word, and on the other side, write
a brief definition.

tropical forest

temperate deciduous forest

\‘ ice

Figure 1 Variations in temperature and precipitation create Figure 2 Changes in both latitude and elevation are responsible for
different plant communities with distinct characteristics. establishing ecosystems with distinct vegetation.

permanent



_North

0°
(equator)

60°S
South
Pole

Figure 3 Earth is a sphere, so solar
energy striking Earth near the pofar
regions is spread over a greater area
than a similar amount of energy
striking Earth near the equator.

Learn more about the world’s
major climate zones and ocean
currents, and test your
knowledge, at

www.science.nelson.com ﬁ
: @

T cold deserts

;o

westerlies forests

hot deserts

northeast trades

;/f////

forests

southeast trades hot deserts

westerlies forests

-

___cold deserts

Figure 5 The location of warm and
cold air masses cause global wind
systems that are responsible for climate
condition.

striking a greater amount of surface area (Figure 3). Similar changes in
temperature are seen with changing elevation, where there is a marked
decrease in the temperature with increased elevation. As a result, the same
climate changes that occur with increasing latitude can occur with increasing
elevation.

Earth is tilted on its axis, which affects the seasonal temperatures in many
regions. On Earth’s annual journey around the Sun, the northern and
southern regions of the globe spend part of the year tilted toward and part
of the year tilted away from the Sun. For example, during the northern
hemisphere’s winter period, Earth is tilted away from the Sun. This creates
noticeable variation in temperature and precipitation throughout the year.
In tropical regions, there are no noticeable seasonal changes since the region
is continually exposed to the direct solar rays of the Sun (Figure 4).

Figure 4 The tilt of Earth creates warm and cold seasons in most regions on Earth.

Winds and Currents

The movements of warm and cold air masses create winds (Figure 5). As air
masses move from warm regions near the equator to cold regions near the
poles, they cause wind patterns that affect the climate. @

Wind patterns drive the movement of ocean currents, which in turn are
involved in circulating heat. The ocean has a greater heat capacity than land,
so it absorbs solar energy and releases it at a slower rate than land does. The
movement of large bodies of water in currents and the release of energy
from them affects the climate of nearby regions. Airflow is disrupted where
oceans meet continents (Figure 6). Warm, moist air from over the ocean
rises over coastal mountains and cools, releasing large amounts of
precipitation. On the far side of the mountain range, a rain shadow exists
where dry mountain air warms as it descends and releases very little
moisture.

You will learn more about global patterns of wind and water in
Chapter 15.

Unit A Sustainability of Ecosystems NEL




On the windward side
of the mountain
range, air rises, cools,

and releases moisture. On the leeward side

Prevailing winds
pick up moisture
from the ocean.

Figure 6 Warm, moist air rises and cools near mountain ranges. Most precipitation falls before the
air passes over the mountain,

Precipitation and temperature are the abiotic factors that seem to be the
most influential in determining the characteristics of the plant and animal
communities within an ecosystem. The long-term climatic trends in
precipitation and temperature are described using climatographs.

A climatograph is a graphical way to show the monthly changes in
temperature and precipitation throughout a year (Figure 7). You will explore

of the mountain
range, air descends,
warms, and releases
little moisture.

Dry habitats

@—~ Investigation «———

Working with Climatographs
To perform this investigation, turn to
page 74.

In this investigation, you will analyze
climatographs and determine the
characteristic conditions that they

climatographs further in Investigation 3A. @—‘ Investigation represent.
: Biome I
Biome |
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Figure 7 The two climatographs represent two very different ecosystems. Can you figure out which one is a desert and which is a tropical rainforest?
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Figure 8 The distribution of Earth's major biomes indicate locations where abiotic factors are similar, resulting in similar biotic communities.

STUDY TIP «

Making study cards is important for
learning and remembering. To help
you remember the information in the
World Biomes section, make a study
card for each biome. Include a
description and examples of the
species that live in each biome.

World Biomes

In some areas on Earth, abiotic factors are similar and create similar yet
distinct ecosystems in different geographical locations. If you were to travel
across Canada or visit other countries of the world, you would see some of
these different environments. You would also notice an important pattern:
similar organisms live in different locations that have similar environmental
conditions. Each of these large terrestrial ecosystems that have similar
environments and exist over a wide area is called a biome. There is much
less variation within a biome than there is between two different biomes.
The region between two neighbouring biomes is usually a transition zone
where one form of plant life might slowly give way to another form. There is
some disagreement about the actual number and boundaries of the world

Unit A Sustainability of Ecosystems NEL




Grassland

Polar Ice

\//-r"‘k-—\,,’,)"""’ﬁ‘w\" “"‘"V""("i_.\__
ANTARCTICA e
B Tropical [ IGrassland [l Desert [ |Polarice
Rainforest

biomes because the lines between biomes are not always distinct. This To learn mere about Earth's
section introduces eight terrestrial biomes: the tundra, boreal forest, major biomes, view the
temperate deciduous forest, temperate rainforest, grassland, tropical animation found at
rainforest, desert, and polar ice (Figure 8). @ o WWw.science.nelson.com @
Tundra

The tundra is a massive biome that extends in a continuous belt across
Canada, Alaska, Asia, and Europe. There is very little precipitation, usually
less than 25 cm per year. Permafrost, a layer of permanently frozen soil, is
usually present within a metre of the surface. Small, slow-growing plants
such as grasses and mosses survive in the harsh conditions, and reindeer
lichen, which can grow on bare rock and absorb water without the use of
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Figure 9 Tuktut Nogait National Park
in Northwest Territories illustrates the
unique landscape of the tundra biome.

Figure 10 The world's boreal forests
encircle the northern part of Earth.

To explore the boreal forest in
more depth, go to
° www.science.nelson.com @

Figure 11 Broadleaf deciduous forests
grow rapidly during warmer months and
lose their leaves each fall.

roots, carpets the northern-most regions of the tundra (Figure 9). The
growing season is limited to a brief period of about 8 weeks during the
summer, preventing any significant tree growth.

Caribou, musk oxen, arctic foxes, arctic ground squirrels, collared lemmings,
and ptarmigan survive and even thrive in the harsh climate. The summer thaw
creates temporary ponds and bogs that support swarms of mosquitoes and
black flies. Insect-eating birds as well as snow geese and tundra swans arrive for
the summer, and predatory birds like the peregrine falcon and snowy owls find
abundant food as the number of small mammals grows quickly.

Boreal Forest

To the south of the tundra lies the boreal forest biome, also known as taiga.
It forms a great circle around the northern reaches of the globe, stretching
across North America, Asia, and northern Europe (Figure 10). It covers more
than half of the land surface of Canada and is present in every province and
territory. There is more moisture each year than in the tundra (35-75 cm),
but the air is very dry during the winter.

Conifers (cone-bearing evergreen trees like pines, spruces, and firs)
dominate this biome, and they limit the number of other species that can
thrive in the boreal forest. The trees form a dense canopy, or cover, that
prevents most sunlight from reaching the forest floor, and the soil itself is
quite acidic due to the decay of fallen needles. Just a few bird and animal
species can survive by eating only the conifer cones, needles, and buds.
Other herbivores such as elk, moose, and deer also forage on the plants of
the forest floor to get the added nutrition they require. Carnivores such as
wolves, bears, lynxes, and wolverines, which live in the boreal forest, feed

on small rodents and birds. Q

Temperate Deciduous Forest

The temperate deciduous forest is located south of the boreal forest,
covering regions in southeastern Canada, the eastern United States, and large
areas of Europe and Asia. Higher temperatures and abundant growing
season rain (75-220 cm per year) support the growth of huge forests of
broadleaf trees like birches, poplars, oaks, and maples. Fallen leaves and
other organic matter quickly decompose, creating a richer soil than that of
the boreal forest. During the early spring, flowers, small trees, shrubs, and
ferns grow in the understorey beneath the canopy of larger trees. This is the
best opportunity for them to grow rapidly before the forest canopy becomes
too thick (Figure 11).

The rich soil of the forest floor provides an ideal environment for many
different insects that become food for many predators, including
amphibians, reptiles, birds, and small mammals. Other herbivores, such as
deer, feed on the abundant forest vegetation in the understorey, while larger
predators, such as wolves, eat a wide selection of prey. The forest canopy
provides food and shelter for many species of birds and mammals.
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Temperate Rainforest

Temperate rainforests are among the most rare of the world’s biomes.
Significant areas of temperate rainforest are found only in British Columbia,
New Zealand, and Chile. Coastal mountains cause moist ocean air to rise
and cool, dropping between 200 cm and 350 cm of precipitation each year.
The abundant moisture and mild climate cause material to decay rapidly on
the forest floor, which supports the growth of shrubs and small trees (Figure
12). Many plants of the forest floor produce fruits such as huckleberries and
blackberries, which provide a nutritional food source for small herbivores
and larger omnivores. The thick, rich soil littered with decaying matter also
provides food and shelter for many kinds of insects, supporting mammals
such as shrews and voles, as well as many amphibians and birds. Small
predators including weasels, raccoons, and owls feed on small mammals
and birds, while larger predators like wolves, bears, and cougars are able to
capture larger herbivores like deer or elk. Other large mammals, such as

the spirit bear (Figure 13), can be found in the temperate rain forest.

Figure 12 Nurse logs are common in the temperate rainforest. They
provide nutrients for new growth as the fallen tree decays.

Grassland

In the grassland biome, rainfall is generally between 25 cm and 75 cm per
year, insufficient to support the growth of trees. Grasses are able to grow
quickly, however, because they penetrate deeply into the fertile soil. Of all
the biomes, tropical grasslands called savannas support the greatest number
and variety of large herbivores. These include elephants, giraffes, and
rhinoceros. Much of the world’s grasslands, including those of Canada and
the tropical grasslands in Africa, have been converted into farmland and
pastureland. In Canada and the United States only small, undisturbed
patches of natural grassland remain. Small mammals including rabbits,
mice, and ground squirrels dig burrows in which to avoid predators such
as hawks, snakes, coyotes, badgers, and foxes. (o}

Did You €)

————il)

The Link to a Watery World

Salmon are often considered part of
the temperate rainforest biome. They
are closely linked to the forest
through the insects and bears that
live there. Once they spawn and die,
the materials contained in their
bodies move through the detritus
food chain and provide nutrients that
support the growth of these rich
forests.

Figure 13 The Kermode, or “spirit bear,” is a sub-species of black bears
that inhabit some areas of the coastal temperate rainforest of British Columbia.

To learn more about the
grassland biome, go to

& www.science.nelson.com @
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Figure 14 Tall, broad-leaved trees
form a dense, leafy canopy in a tropical
rainforest.

Figure 15 At over 9 000 000 km?, the
Sahara Desert is the largest in the
world.

Did You ‘)

®

Polar Politics

In 1925, Canada laid claim to the
North Pole, and the claim has been
generally undisputed. Receding polar
ice has now brought renewed interest
from other nations, specifically
Norway, Denmark, Russia, Greenland,
and the United States. Why all the
interest in an isolated sheet of
floating ice? The North Pole could
provide easy access to huge
petroleum and natural gas deposits
on the ocean floor. As ice melts and
shipping routes open up, the lower
cost of removal will make drilling
there more profitable.

Tropical Rainforest
Tropical rainforests receive between 200 cm and 450 c¢m of rainfall
annually, and temperatures remain between 20 °C and 35 °C throughout
the year. The tropical rainforest is believed to contain at least half of Earth’s
terrestrial organisms. A 10 km? region of tropical rainforest may contain
750 species of trees! Just one of these trees could support several thousand
insect species (Figure 14).

Most of the nutrients in the tropical rainforest are contained in the plants
and animals themselves. The roots of enormous trees spread in the top few
centimetres of soil, as it is relatively thin and infertile.

Desert

The deserts of North Africa, central Australia, southwestern North America,
eastern Asia, and the southeast tip of South America receive less than 25 cm
of precipitation each year (Figure 15). The vegetation of the desert is usually
sparse and made up of small plants specialized to conserve water. Leaves are
generally small and covered with a waxy layer to slow down evaporation.
Some, such as cacti, store water in their fleshy tissues.

Animals, as well, are adapted to eliminate excess heat and conserve water.
Most are nocturnal and are active only during the cooler nights, hiding in
burrows during the day. Often the animals have large ears to improve heat
loss.

Polar Ice

The most obvious feature of polar ice biome is the presence of permanent
ice and the absence of significant terrestrial vegetation. Some microscopic
algae may grow briefly on the ice and snow, but no significant plant growth
exists. Herbivores are essentially non-existent on the polar ice.

In the Arctic, highly specialized predators like the polar bear are able to
take advantage of the diverse marine ecosystem that lies beneath the ice
(Figure 16).

The continental margins of the Antarctic ice sheet support large colonies
of fish-eating sea birds such as penguins and cormorants. Some species, such
as the skua, feed on the eggs or chicks of other sea birds, but like the Arctic,
most life exists beneath the ice in the ocean.

Figure 16 The polar bear
is one of the very few
terrestrial predators living
on the ice of the Arctic.
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Biogeoclimatic Zones of British Columbia Did You ()

You have the privilege of living in Canada’s most ecologically diverse
province. It covers 95 million hectares of extreme landscapes. Some of @
Canada’s wettest and driest, warmest and coldest locations, including St Pebri

rainforest, grassland, and desert, all exist within our borders. With this British Columbia has a small pocket

b § ; B ki desert. The regi roundin
diversity come many challenges and issues related to managing and enjoying Oi?;loos i‘: Li%:intzugneuof lN?)rth

the rich resources of our province. The standard classification used for world America’s most fragile and
biomes is not adequate to describe the variety of ecosystems present in endangered ecosystems. Over 100
British Columbia. rare plants and over 300

invertebrates are among the at-risk

Beginning in the 1970s, scientists have collected data from 30 000 different ; [
species that live in this dry landscape.

study sites around the province. This data has been combined into the
Biogeoclimatic Ecosystem Classification (BEC) system describing fourteen ° www.science.nelson.com@
distinct ecological zones in the province. Nowhere else in the world is a
more detailed level of ecosystem classification in use! The name of the
system is derived from the three areas that are considered in describing the
zones: plants (bio), landforms (geo), and climate (climatic). These
characteristics are used to describe the ecological diversity of the province, a
useful tool in managing natural resources and maintaining ecological
diversity in British Columbia. Each biogeoclimatic zone has a characteristic
climax community containing a predominant type of vegetation. Many of

: ; ; . ‘1 To learn more about the
the fourteen zones are named in consideration of the dominant trees within _ ROLE =

; i : . biogeoclimatic zones of British
them, such as the sub-boreal pine-spruce, spruce-willow—birch, mountain Columbia, go to
hemlock, Engelmann spruce—subalpine fir, and ponderosa pine zones. Q www.science.nelson.com @

&
TRY THIS: A Creature Feature
Skills Focus: questioning, communicating, analyzing
The different biomes of the world present specific challenges to the * How is its mouth specialized for this kind of food?
organisms that five within them. Stresses might be environmental ¢ How does it move?
factors such as temperature, fack of water, or rooding, but might ¢ What kind of limbs does it have (arms, |egsl ﬂippersl g||l5'
also include competition for resources like food and living space. wings, tail)?
Animals living in each area could not survive without the special e How is it specialized to move around in its environment?
adaptations that help them survive. e What kind of body covering does it have that makes it
Materials: common materials of your choice well suited for living in its environment?
1. Select one of Canada’s biomes and design an organism that * What other special features does it have for surviving?
would survive the environmental stresses that are present. You A. Share your creatures with the rest of your class.
can use common everyday materials to build your creature. B. Highlight the specializations your creature has for the biome
2. While you are designing the creature, consider the following you chose, including finding food, eating, and avoiding other
questions: organisms.
» What challenges does your organism face, living in the C. What threats exist to your biome? How would your creature
biome you chose? adjust to these as well as human-made changes? Would this
e What does it eat? creature disappear or would it be able to survive?
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. What two environmental conditions are largely

responsible for the distribution of life on Earth?

What three characteristics of location have an
impact on climate?

Contrast weather and climate.

4. How are the effects of increasing elevation and

10.

11.

12.

increasing latitude similar?

What is the difference between an ecosystem
and a biome?

Which of the following biomes would be
expected to have the greatest number of
producers?

A. tundra

B. desert

C. polar ice

D. grassland

What factors are responsible for making the soil
in grasslands more fertile than the soil in boreal
forests?

For each of the following, indicate which of the
world biomes is being described:

(a) highest annual precipitation

(b) lowest average temperature

(c) fewest number of herbivores

(d) most consistent annual temperature

(e) forest with the shortest growing season

Why is climate considered the dominant factor
in determining the composition of an
ecosystem?

Which biome is found in the region between the
polar ice and boreal forest biomes?

Why would it be unusual to find a tree in the
tundra?

Which of the following is a characteristic of the
tundra biome?

A. permafrost layer

B. deciduous forests

C. high plant growth

D. annual rainfall in excess of 120 ¢cm per year

Unit A Sustainability of Ecosystems
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15.

16.

1177

Provide two similarities and two differences
between each of the following:

(a) desert and tundra

(b) climate and biome

(c) tropical rainforest and temperate rainforest
(d) boreal forest and temperate deciduous forest

Rank the six biomes found in Canada in
descending order according to each of the
following abiotic factors:

(a) amount of annual precipitation

(b) average annual temperature

(¢) length of growing season

Which of the following is the best explanation
for seasonal change?

A. the daily rotation of Earth on its axis

B. the tilt of Earth as it orbits around the Sun
C. warm, moist air falling near the equator
D. circulation of ocean currents

Which of the following is responsible for the
presence of temperate rainforests along the
coastline of B.C.2

| | proximity to the ocean

[l | presence of a stable cold air mass

Il | presence of a coastal mountain range

A. TandII only
B. Iand III only
C. II and III only
D. L, and 11

Explain why it is important for B.C. to
subdivide its biomes into biogeoclimatic zones.
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Organisms do not live in isolation. Some interactions between organisms are
obvious, like the dependence of an organism on a food source, but other
interactions are more subtle and require a closer look. In this section, we will
look in more detail at the ways that organisms interact.

When faced with a change in the biotic or abiotic conditions in an
ecosystem, a population will adapt to the changes, leave the area, or die out.
An adaptation is any genetic trait that improves an organism’s chance of
surviving and reproducing. Certain individuals will be able to survive
changes in conditions better than others. Natural selection is a process that
favours the survival of organisms with traits that make them better adapted
to the environment. At the same time, natural selection tends to eliminate
those individuals that are poorly adapted.

Individuals in a population may be adapted to survive a change in the
environment, but it is important to realize that they were this way before the
change occurred. If the organism does not have the necessary traits to adapt
to the change, it will die. If more organisms with a specific characteristic
survive and reproduce, then those traits become more common in the
population. For example, big brown bats used to depend on trees as roosts
in order to survive. Urban development for human housing has reduced
the number of roost trees, but many individual big brown bats were well
adapted to roosting in human structures instead of trees (Figure 1).
Populations of big brown bats have increased, and in fact, many big brown
bats now need human structures for roosting! So, while natural selection
acts on the individual organism, it is the population as a whole that changes
as a result. Individuals with characteristics that give them an advantage over
other organisms manage to survive. If the characteristics are genetic, the
individual may pass the trait on to its offspring.

Adapting to the Environment

LEARNING TIP
Preview Section 3.2 to note headings,
words in bold, and graphics. Ask
yourself, “What Is this section about?
How is it organized?”

Figure 1 Populations of big brown
bats have increased after they switched
to roosting in human-made structures.

NEL 3.2 Adapting to the Environment




Natural selection does not occur only because of abiotic factors.
Predator—prey interactions are also a strong selective force. Natural selection
favours adaptations that improve the ability of predators to find, capture,
and consume prey. Characteristics that help predators catch prey include
being faster and stronger than the prey, such as when hawks and lynx prey
upon rodents and other small animals (Figure 2).

Figure 2 This hawk is highly
adapted to capture this prey.

Other adaptations for predators include colouration or body shapes that
provide camouflage (Figure 3). This adaptation can be quite effective and
To learn more about . litl £ h d i h ; ey
camouflage in nature, go to requires very little energy from the predator, since an exhausting chase is not

i required.
o Www.science.nelson.com @ q @

Figure 3 The colouration of this
fox makes it difficult for its prey to
see it against the snowy

background.
TRY THIS: Surviving Predation
Skills Focus: predicting, observing, measuring, recording, reporting
Materials: 40 coloured toothpicks (10 of each colour: red, green, Table 1
s Vg e fice, vt Trial Number of each colour toothpick
1. Place the plastic hoop on a section of grass. Red Yellow ot Blue

2. Have one partner scatter the coloured toothpicks through the
area enclosed by the plastic hoop. The other partner will have
30 seconds to pick up as many toothpicks as possible, one at 2
a time. Repeat for four trials. 2

4

1

3. Copy Table 1 and record your team'’s data.

A. Which colours of toothpicks were picked up most often?
B. Which colours of toothpicks were picked up least often?

C. How do you explain this outcome?
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Natural selection also affects prey species that must adapt in order to STUDY TIP »
survive. Camouflage is an adaptation that allows the prey to hide from When you are learning many new

: 1 ; : things, it is easy for the new concepts
predators and avoid being eaten (Figure 4). Other prey, such as poison dart i ity A DAL D

frogs, wasps, and skunks have adapted by developing chemical defences you learned a week ago. To prevent
(Figure 5). These organisms often have warning colouration to advertise that  this problem, build review into every
they are harmful or poisonous to predators. Predators learn very quickly to study session.

leave these organisms alone. @

To see what can happen when
animals use chemical defenses,
go to
www.science.nelson.com

ks
il
y

®
'S

7

Figure 4 What is the benefit of blending Figure 5 What is the benefit of having warning
into the background like this stick insect? colouration like these skunks?

Some prey species have adapted a strategy called mimicry. In mimicry,
one species resembles another that is poisonous, dangerous, or distasteful.
The king snake is a well known example of a mimic because it looks very
similar to the poisonous coral snake (Figure 6). Mimicry also refers to
situations where two harmful species have similar colouration, such as bees
and wasps. When several species have the same colouration, the message to
stay away is reinforced.

Figure 6 Mimicry is a successful prey
defence strategy. The (a) king shake
mimics the (b) poisonous coral snake,
protecting it from predators.

(b)

Predator and prey species may adapt in response to each other’s
adaptations. This type of interaction and the adaptation of two species in
response to each other is called coevolution.

Many plant and herbivore adaptations have co-evolved. Herbivores
respond with adaptations such as specialized beaks, or teeth, as well as
digestive systems that are capable of breaking down cellulose and plant
toxins. Plants adaptations include sharp thorns, spines, sticky hairs, and
tough leaves that make the plant more difficult to eat (Figure 7). As well,
scientists have identified over 10 000 defensive chemicals in plants. Some, Figure 7 Certain grazing herbivores
such as caffeine, nicotine, and cyanide, are poisonous to herbivores. Other such as cows are able to eat the sharp
substances, like pepper and mustard, are natural repellents. pointed flowers of thistle plants.
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Did You_ ‘)

A
Biodiversity Hotspots

Ecosystems with high primary
productivity show very high
biodiversity. Some of these regions
are called biodiversity hotspots
because they contain so many species
relative to their area and because the
region is highly threatened. About

20 % of all species live in these
regions, which only cover about 1 %
of Earth's surface. The island of
Madagascar and the Great Barrier
Reef of Australia are examples of
biodiversity hotspots.

Figure 8 If the keystone of this arch is removed, the arch will

collapse.

o Www.science.nelson.com @K

Biodiversity

Biodiversity refers to the variety of, and the variation among, organisms
within a given ecosystem, biome, or for the entire Earth. Biodiversity is
closely linked to primary productivity, which is a measure of the available
energy provided by the producers in an ecosystem. The abundance of
producers in turn supports a complex and diverse community of consumers.
Temperate and tropical rainforests as well as estuaries (where rivers flow into
the ocean) are all regions with high primary productivity and biodiversity.

In contrast, environments with low primary productivity, such as those
found in deserts, high mountains, and polar regions, have low biodiversity.
These ecosystems also tend to be more fragile and are easily disrupted. In
areas of low biodiversity, the removal of a single species could have a major
or even devastating effect on the entire ecosystem.

A decrease in one species, whether it is a predator or prey, can have a
serious effect on the entire ecosystem. Extinction results when a species is
gone completely from Earth or when so few individuals remain that
reproduction is not possible. Extirpation refers to the phenomenon of local
extinction, which occurs when a species ceases to exist in one area, but still
exists elsewhere in the world.

Keystone Species

When stone arches are built, one stone at the top, called the keystone, is
particularly important to support the arch. If this keystone is removed, the
arch will collapse (Figure 8). Keystone species are species whose presence
plays an important ecological role in determining the types and numbers of
other species in particular communities. When these species are eliminated,
the effects on the ecosystem are dramatic.

Sea otters are an important keystone species along the west coast of North
America. They live in kelp forests (Figure 9) where they feed on bottom-
dwelling invertebrates, such as sea urchins and crabs that live in and feed on
the kelp. Kelp forests also provide important nursing grounds for juvenile

Figure 9 Sea otters are the keystone species in kelp forests. They keep
the population of kelp-eating invertebrates in check.
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fish of many species. This very intricate ecosystem was kept in balance by the ~ LEARNING TiP +—
interrelationships among the organisms. Before the arrival of Europeans, Check |¥°,E‘\;vlr‘1nder5tarr‘1d'”9'.AS.I; .
both kelp and sea otters were abundant in the intertidal zones. However, sea SRl e THLSIRIE SHHIE S

j this section? How would | explain
otters on the west coast of Vancouver Island were almost extirpated as they them in my own words? What

were hunted for their valuable pelts. As a result, the otters’ prey, sea urchins additional information about keystone
that graze on the kelp, proliferated, causing the collapse of the kelp forest species can | get from Figures 8
community. The kelp forests disappeared taking with them the habitat for and 9, on page 647

others including juvenile fish.

Between 1969 and 1972, 89 sea otters from a population in Alaska were
transplanted to the west coast of Vancouver Island. This new population has
survived and is now upwards of 3000 sea otters.

Scientists are only beginning to understand the importance of
biodiversity. It seems that biodiverse ecosystems are more stable and less
affected by environmental change. They tend to recover after a disturbance
such as drought, flooding, or fire. Biodiversity also provides humans with
many benefits, including many of our natural resources. The foods we eat,
the wood we use to build our homes, and the medicines we use to treat our
diseases are only available because of biodiversity. The recreational activities
we enjoy, the water we drink, the food we eat, and even the air we breathe
are tied to the biodiversity of fragile ecosystems on this planet that we call
home.

British Columbia has the greatest biodiversity in Canada, but that doesn’t
mean we shouldn’t be concerned about losing species. Over the years, several
species have become extinct, and many more, such as the Vancouver Island
Marmot, are listed as endangered or threatened.

TRY THIS: Exploring B.C.’s Biodiversity

Skills Focus: evaluating, recording, identifying, communicating

Scientists at the B.C. Ministry of Environment conduct research on 5. Continue to use the B.C. Species and Ecosystems Explorer to
wildlife in B.C.'s ecosystems and estimate the risks to species. They answer the following guestions:
recommend strategies for wildlife management and conservation. A. How many “red-list" mammal species are there in B.C.?
In this activity, you will explore the status of some of B.C.'s wildlife. B N o ending e T T
Matirials compute stciid C. How many exotic vascular plants are there in B.C.?
1. Log on to the Nelson website and follow the links to Exploring  p, Make a list of three new searches you are interested in,
B.C.'s Biodiversity. Perform the searches.
o WWw.science.nelson.com @ E. Prepare a detailed report on two B.C. species of your choice.
2. Click on B.C. Species and Ecosystems Explorer. Include a species that is threatened or endangered in your
3. Select your “search type” and species “name” or “group.” forest district or ecological zones.

4, Select the type of list you want (red, blue, or yellow).
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1. The relationship between predators and prey is
often compared to a “weapons arms race.” In
what way is this comparison useful?

2. Sea stars are known to feed on two different
species of mussels. Explain how the removal of
the sea star from an area could lead to the
elimination of one of the two mussel species.

3. Explain why humans are considered to be a
keystone species.

4. Consider the two islands shown in Figure 10.
One island is on the equator, and the other
island is 500 km north of the equator. Which
island is likely to have the greatest biodiversity?
Provide two reasons to support your answer.

Equator

Figure 10

5. Which of the following characteristics applies to
an organism that uses mimicry as a survival
strategy?

A. The mimic is a parasite.

B. The mimic is always poisonous.

C. The mimic is identical to another harmless
species.

D. The mimic is similar to another harmful
species.

Unit A Sustainability of Ecosystems
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6.

10.

11.
12.

(a) Describe two predators whose adaptations
improve their success.

(b) Describe two prey whose adaptations
improve their survival.

Some harmless flies resemble bees and wasps.
What is the benefit to the fly to have this
colouration? What is this survival mechanism
called?

Explain how each of the following adaptations
might improve the organism's chance of
survival.

(a) the parachute-like seed of a dandelion

(b) the white colour of a snowshoe hare

(c) the silent wings of a great horned owl

(d) the rapid growth rate of tundra grasses

(e) the keen eyesight of a bald eagle

Explain in your own words the link between
primary productivity and biodiversity.

Explain in your own words the term
“biodiversity.”
Why is biodiversity important for ecosystems?

Explain why a tundra ecosystem is more fragile
than a deciduous forest ecosystem.

NEL




LIVING LIFE TO THE EXTREME

You might expect the harshest environments on the planet to be
empty of all life, but some amazing organisms exist in almost

impossible conditions!

Some organisms really take living to the
extreme. You couldn't survive being
chilled to the core, soaked in acid, or
boiled alive. But many bizarre creatures
thrive in the harshest habitats on the
planet, including volcanic vents on the
ocean floor, where the temperatures
reach 110 °C, and sub-zero
temperatures of the upper reaches of
the atmosphere. Some hang out inside
hot rock nearly 3 km beneath Earth's
surface, while others enjoy taking an
acid bath in waters near hot springs or
cooking in the desert Sun (Figure 1).
These organisms are called
extremophiles (Figure 2). There are many
different categories of extremophiles,
and each has its own unique name
(Table 1).

Many scientists and industry
researchers are very interested in
extremophiles. Some acidophiles are
used by mining companies to remove
gold and other precious metals from
rock ores. Researchers in medicine,
genetics, and molecular biology use an
enzyme produced by an extremophile
called Thermus aquaticus to copy
fragments of DNA. The ability of
extremophiles to live in environments
that would kill most organisms means
that they must have adaptations to
counteract the conditions. Understanding
how they manage to survive could lead
to many more practical uses for
extremophiles and their enzymes.

(b)

Awesome

SCIENCE

Figure 1 Extremophiles not only survive but thrive in environments where other organisms cannot,
including (a) acidic hot springs or {b) the baking sand of the nearly lifeless Atacama desert.

Figure 2 Most extremophiles are extremely
small, like this microscopic archaebacteria.

Table 1 Some Types of Extremophiles

Acidophile An organism that lives in acidic environments. Some could
survive in battery acid.

Alkaliphile An organism that lives in basic condition. Some could live in
solutions containing ammonia.

Endolith An organism that lives in microscopic spaces within rocks or in

cracks filled with water deep within Earth.

Hyperthermophile

An organism that can thrive at temperatures between 80 °C
and 121 °C, such as those found in hydrothermal areas.

Polyextremophile

An organism that is an extremophile in more than one category.

Xerophile

An organism that can grow in the driest environments on Earth.
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STUDY TIP «

The best way to avoid test anxiety is

to be well prepared. How will |

improve my study habits? Write down

a plan that includes:

1. How will [ build review into each
study session?

2. How will | distribute my studying
during each week?

Did You 0)

O _'

Partitioning the Coastal
Waters

Several pepulations of killer whales
occupy the coastal waters of B.C.
“Resident” killer whales eat fish, and
“transient” whales feed on seals and
sea lions, while “off-shore”
populations eat sharks and turtles. In
this way they avoid direct competition
for the same resources, ensuring the
survival of each population.

To explore how organisms use
resource partitioning to exploit
different parts of their shared
habitat, go to
www.science.nelson.com

s @

Community Interactions

Within a community there are many species that live in the same general
area, but each species occupies a different niche. A niche is the overall role
of an organism in a community, including the range of biotic and abiotic
conditions that the organism can tolerate. A niche is not just an organism’s
habitat, but also what it eats, what eats it, how it reproduces, how much
water it needs, and many other factors. Two species may share the same
habitat, but no two species occupy the same niche (Figure 1).

(b)

Figure 1 The (a) lynx and (b) wolf might share the same habitat, but different behaviours such as
hunting strategies and daily activity patterns separate these species into different niches

Competition occurs when two organisms make use of the same resource
so that their niches overlap. Competition between different species is called
interspecific competition. Each species competes for a limited common
resource such as food or nesting sites. When organisms of the same species
compete among themselves, it is called intraspecific competition. This form
of competition is usually more intense than interspecific competition
because the requirements of each organism are more similar.

Some species develop adaptations that allow them to reduce or avoid
competition for resources with other species. This can result in resource
partitioning, where different species have different traits that allow them
to use a resource at a different time, in a different way, or in a different place.
For example, hawks and owls feed on similar prey, but hawks hunt during
the day while owls hunt at night. @

When species adapt differently to changes to the environment, it is called
adaptive radiation, and species become specialized to exploit smaller parts
of the niche. One well-known example of adaptive radiation is the finches
of the Galapagos Islands (Figure 2). Originally, all of the finches were
similar. Over time, natural selection caused populations and species to adapt
to different environments and diets with different adaptations, resulting in a
partition of resources and reducing competition. Proliferation of species
occurs as the numbers of individuals with each new trait increases.
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Populations with the new adaptations will proliferate until competition
increases once again and selective pressure leads to further adaptations and
further resource partitioning. @—- Investigation

Fruit and Seed Eaters Insect and Nectar Eaters

Greater Koa finch

Kona grosbeak

) . crested honeycreeper
Maui parrotbill y P

unknown ancestor

Figure 2 The beaks of finches found on the Galapagos Islands show the outcome of adaptive radiation.

The Impact of Foreign Species

Ecosystems are dynamic; they are always changing. Animal species are
mobile and can move to new ecosystems naturally when barriers are
removed. Micro-organisms, fungi, and plants can be transported by wind
or by animals to new ecosystems where they establish. These new species are
called foreign species because they are not native to that particular
ecosystem. Foreign species often out-compete the existing native species for
a particular niche, with dramatic results since they rarely have predators in
their new habitats. When this happens, the foreign species pose a serious
threat to biodiversity.

Humans are responsible for the introduction of many foreign species.
Some of these introductions are intentional and often beneficial. For
example, many of our food crops such as corn and wheat, as well as certain
tree species, have been successfully introduced without harmful effects.
However, the introduction of many foreign species is often unintentional,
and humans may carry these species across oceans and mountains and from
one waterway to another in (or attached to) boats and ships (Figure 3).

@—- Investigation «——————

Fine-Feathered Feeding
Frenzy

To perform this investigation, turn to
page 76.

In this investigation, you will
investigate natural selection and
‘beak’ shape.

Figure 3 Eurasian watermilfoil was
first observed in B.C. in 1970 in
Okanagan Lake. It was probably
attached to the propeller of a boat that
was moved from another lake where
the aquatic plant grew.
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British Columbia has its share of foreign species. Purple loosestrife and
Scotch broom (Figure 4) are two highly visible perennial plants that
proliferate during the spring. Purple loosestrife invades wetlands, choking
out native species. Scotch broom grows well in disturbed areas such as
To R it inive dbous Tossieg logged areas or along the sides of highways where it out-competes
species, go to Douglas fir seedlings. No consumers appear to feed on either of these
o Www.science.nelson.com @ foreign species. @

Did You ‘)

Introducing Foreign Species

Al of the Scotch broom in North
America originates from three seeds
that germinated in Sooke on
Vancouver Island. The seeds, planted

by Captain Walter Grant, came from (a) (b)
Europe by way of the British Figure 4 (a) Purple loosestrife probably arrived from Europe as seed in ballast soil of ships or carried
consulate in Hawaii. by passengers to plant in gardens; (b) Scotch broom was intentionally brought from Europe.

British Columbia is also home to some foreign animal species. According
to the B.C. Ministry of Environment there are sixteen foreign bird species in
the province. Probably the most successful species is the European starling
(Figure 5). The Pacific or Japanese oyster (Figure 6) was intentionally
introduced to B.C. coastal waters in the 1920s to be farmed. Since this oyster
does not reproduce well in the cooler B.C. coastal waters, oyster seed is
regularly imported. Although regulated by the Department of Fisheries and
Oceans, other species have been introduced inadvertently along with the
Pacific oysters, including several other bivalves (two-shelled aquatic
invertebrates), worms, and snails. One of these, the oyster drill snail, feeds
on bivalves by drilling holes in the shell and digesting the internal organs
(Figure 7).

Figure 5 All North American starlings are Figure 6 Pacific oysters introduced from Figure 7 Oyster drill snails drill through the
descendants of European starlings, intentionally  Japan. This is the most predominant shells of other shelled animals.
introduced into New York City's Central Park. commercially raised oyster in the world.

Unit A Sustainability of Ecosystems NEL




Succession LEARNING TIP «
Key terms are often illustrated. When

Have you ever noticed that a newly cleared lot does not remain bare for you come across words in bold,
long? With time, it becomes overgrown with grasses and weeds. Eventually examine the pictures and diagrams,
taller weeds will replace the shorter ones, and in time shrubs and trees will along with the captions.

appear. This gradual change in the types of plants that represent the
structure of a community is called ecological succession. In this process,
pioneer species arrive first and colonize the new environment. The presence

of these pioneer species changes the environment, creating acceptable To find out more on the types

conditions for other species. Over time, plant species that are better adapted of ecological succession, view
to the new environmental conditions arrive, out-competing and replacing the animation at
the pioneer species. @ www.science.nelson.com @

Depending on the initial conditions, there are two types of ecological
succession. Primary succession begins in an area that is lifeless and lacking
nutrients, such as bare exposed rock (Figure 8). Figure 9 (a) shows primary
succession occurring in such a location. Lichens and mosses arrive first and
begin slowly breaking down the rock and trapping tiny pieces of wind-
blown soils from nearby fertile areas. Over time, physical weathering by the
Sun and water also contribute to form soil. Once the soil is deep enough and
required nutrients are present, grasses and small shrubs begin to grow. Left
undisturbed with sufficient water or rainfall, the community will eventually
develop into a complex, stable ecosystem called a climax community.

Primary succession can also occur in newly created ponds (Figure 9 (b)),
beginning as sediments run into the water from surrounding land. Seeds are
blown into the water or introduced by animals. In time, the plants and
animals become part of a newly formed aquatic community. Eventually the

X - p ! Figure 8 Lichens often begin primary
waters become overgrown with vegetation. Succession continues succession by breaking down rock to

transforming the pond into a marsh and eventually into dry land. produce soil.

(@) (b)

Figure 9 Primary succession happens (a) on land and (b} in aquatic environments.
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Secondary succession begins in areas that already have soil or sediments
but where there has been a significant disturbance such as fire, flooding,
landslides, or forest harvesting (Figure 10). The dominant plants are
destroyed but the soil remains, and so new plants begin to grow within a few
weeks. Seeds hidden in the soil or brought by birds and other animals
become the pioneer species. As in primary succession, the process of
secondary succession eventually leads to a climax community characterized
by a complex mature ecosystem.

Ecological succession often focuses on changes in the plant community in
an area. But it is important to realize that the consumers and decomposers
in the community change as well. As changes in the plant community occur,
it often becomes less suitable for the existing consumers and more suitable
for others.

For example, certain species of field mice may only be able to live in the
area after enough tall grasses exist to provide cover for them. In turn, the
(b) mice alter the plant community by feeding on the grasses while at the same
time improving the soil with their waste. The improved soil allows other
plants to take hold and grow, so in this way, the organisms in each stage alter
the physical environment. Therefore, each stage of succession paves the way
for the next stage.

Ecological succession is a simplified model to help us understand a very
complex process. Succession has traditionally been presented as a slow
steady change from a pioneer community to a stable climax community,
but disruptions like fires and flooding are common and often prevent

Figure 10 Regions disturbed by climax communities from forming. In other situations the rate of
(a) fire, (b) flooding, and (c) erosion are succession may be accelerated by human activity, for example if fertilizers
starting points for secondary succession. are added to the soil.

TRY THIS: Identifying Succession

Skills Focus: observing, recording, concluding, communicating

In this activity, you will observe and record details of succession. 2. Visit each of the images around your classroom. Take care to
Materials: diagrams or photographs showing different stages of record your observations in the appropriate row of your data
succession table. You will not necessarily begin at diagram #1.

1. Copy Table 1 in your notebook, and leave plenty of raom for 3. Look for different types of plants or animals that may be good

your observations. You will need one row for each diagram. indicators of whether the community is in the earty, middle, or
Table 1 late stages of succession.

A. Using your observations, order the diagrams to represent the
correct sequence of succession based on what you know
about the stages of succession. Justify your answer.

Image | Observations | Successional stage
1

2 B. If possible, state whether each image shows primary or
G e i N i AN VA Ve S e P g O secondary succession, Why is it sometimes difficult to tell?
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10.

NEL

. Describe the difference between a habitat and a

niche.

Describe your ecological niche. Consider your
habitat and your place in the food web.

What happens when two species with the same
niche move into the same ecosystem?

Describe the relationship between resource
partitioning and competition.

Explain, using examples of your own, the
difference between interspecific and
intraspecific competition.

What role do pioneer species have in primary
succession?

Which of the following is a characteristic of

many climax community producers?

A. able to grow in the absence of soil

B. able to grow in the shady understorey of
forests

C. able to reproduce quickly before other
plants arrive

D. able to develop effective defenses against
carnivores

Which of the following is a characteristic of

producers that grow during the middle stages of

succession?

A. able to grow in the absence of soil

B. able to grow in the shady understorey of
forests

C. able to reproduce quickly before other
plants arrive

D. able to develop effective defenses against
carnivores

Suggest two human activities that could lead to
secondary succession.

What characteristics do pioneer plants have?

;CHEEK YQTIR_ Understanding

1L

[
13.
14.

15.

Distinguish between primary and secondary
succession. Which of these two processes usually
proceeds more rapidly? Explain your reasoning.

What characteristics would allow you to identify
a climax community?

Describe the role of pioneer plants in the
formation of soil.

Explain how herbivores can influence the stages
of primary succession.

Describe the process occurring Figure 11. Can

this process also occur on land? Explain your
answer.

Figure 11

3.3 Community Interactions




« Investigation «

Working with Climatographs

The distribution of living things is directly affected
by the long-term climatic conditions and the ability
of organisms to adapt to these conditions. The
climatic trends of a biome are often expressed as a
climatograph that shows the monthly changes in
temperature and precipitation throughout a year
(Figure 1). These two factors are effective indicators
of plant and animal distribution and adaptations
within the world’s biomes.

In this investigation, you will use climate data to
produce and analyze climatographs in order to
discover trends in seasonal climate variation.

Vancouver, B.C.
400 - ~ 40

350

w
o

300 [ 20
250 10
200
150 |

100 {i I8

Average precipitation (mm)

50 118

Figure 1 This climatograph for Vancouver, B.C. shows average
monthly precipitation as bars, and average temperature as connected
data points.

Question

Is it possible to identify biomes by analyzing
climatographs?

Unit A Sustainability of Ecosystems
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@ Questioning @ Conducting @ Evaluating

O Hypothesizing @ Recording @ Synthesizing

O Predicting @ Analyzing @ Communicating
O Planning

Experimental Design

In this investigation, you will use five sets of climate
data to produce climatographs representing some of
Earth’s distinct biomes. Each climatograph will be
used to determine the biome that the data represents.

Materials
» graph paper
e 2 coloured pencils

e climate data

Procedure

1. On graph paper, create a blank climatograph.
Draw a horizontal axis for the months of the
year.

2. Draw two vertical axes. On the left-hand side,
use a scale of 0 mm to 400 mm for average
precipitation. On the right-hand side, use a
scale of —40 °C to 40 °C for temperature data.
Label each of the axes and include appropriate
units.

3. Plot the climate data for Biome A found below
on your blank climatograph.

4, Use coloured bars to represent average monthly
precipitation.

5. Join the individual data points for temperature
with a trend line.

6. Repeat Steps 1 to 5 for Biomes B through E.

NEL




Climate Data

Biome A ) F M A M

Average Temp. ( °C) 27 25 2] 26 25

24 22 25 24 % 27 27

Total Precipitation (mm) 210 199 171 123 54

16 10 " 58 T 154 194

Biome B J F M A M

Average Temp. ( °C) 1 3 4 6 8

" 13 13 1 8 4 2

Total Precipitation (mm) 25| 2107 188 181 142

120 flik=: 163 245 579 284 | 270

Biome C J I7 M A M J J A S 0 N D
Average Temp. ( °C) —d Wo—i9s ) =270 =29u |- =32 | =330 =34 | =35 =361 ' Sl e
Total Precipitation (mm) 6 4 2 1 B 3 2 1 0 1 2 2l
Biome D J IF M A M J J A S 0 N D
Average Temp. ( °C) 23 25 29 32 35 34 32 32 33 32 28 25
Total Precipitation (mm) 0 0 0 0 4 5 46 75 25 5 { 0
Biome E J F M A M J J A S 0 N D
Average Temp. ( °C) =37 § =24 "F =18 -5 5 13 17 14 7 0 —A N =23

Total Precipitation (mm) 15 13 11 10 17

23 55 42 29 35 24 15

Conclusion (g)
Complete the following items to answer the question
posed at the beginning of the investigation.

Analysis

(a) Which biome has the highest annual
precipitation? Explain your answer.

(h)

Use your analysis and the climatographs you
produced to predict which world biome is
represented by each set of data.

Evaluation

Which set of data was most difficult to match
with a world biome? Why?

(b) Which biome shows the greatest seasonal . Whier{s thebenelifgt RANIE RSN L
D, i 5 : rather than a data table to represent climate
variation in temperature? Explain your answer. ;
it trends in an area?
(c) Which biomes have measurable snowfall?
Explain your answer. Synthesis
(d) Which biome has the longest growing season? (j) Find climate data for a city near you and create

Explain your answer.

(e) Which biome lies closest to the equator? Explain
your answer.

(f) Which biome lies furthest from the equator?
Explain your answer.

NEL

a climatograph for the biome in which you live.

o Www.science.nelson.com @
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Fine-Feathered Feeding
Frenzy

An adaptation is any inherited trait that improves an
organism’s chance of surviving and reproducing. In
some cases, an adaptation is a behaviour or strategy
that provides an advantage. It may also be a structure
that permits organisms to take better advantage of a
certain type of resource such as food. When resources
are limited, organisms that are best able to exploit a
resource will survive. If you have ever looked carefully
at different types of birds, you will have noticed
several different beak shapes (Figure 1).

Y

grasping, probing beak
eats insects

large crushing beak
eats seeds

long pointed beak chisels

through tree bark to find insects;
uses a tool (a cactus spine

or small twig) to probe for insects

parrotlike beak
eats fruit

Figure 1 The shape of a bird’s beak is often an adaptation to
exploit food resources.

Unit A Sustainability of Ecosystems

« Investigation «
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@ Questioning @ Conducting @ Evaluating

O Hypothesizing ® Recording O Synthesizing
@ Predicting @ Analyzing @ Communicating
@ Planning

Question

Which beak adaptations provide the greatest feeding
advantage?

Prediction

Predict which tool will provide the greatest advantage
for each food type. Record your prediction before
each set of data.

Experimental Design

In this investigation, you will simulate the
competition for food between different birds on an
island with different food sources.

Materials

o pliers

e net

o skewer

o tweezers

e eyedropper

e plastic container

« various food samples from your teacher

Procedure

1. Work as a group. First, read the procedure
carefully. Look for what you need to record and
prepare a blank copy of Table 1 for each
station. Your teacher will direct you to a station
to begin.




Table 1

Station # :

Food source:

Predicted winner:

Beak Trial | Trial | Trial
Description | #1 #2 #3 | Average | Ranking

Pliers

Net

Skewer

Tweezers

Eyedropper

2. Obey the following rules during this

investigation:

» Do not use your hands to pick up the food.
Use the tool instead.

» Food must be picked up and placed in your
“stomach” (plastic container).

» Your “stomach” must remain on the table.

* You may not steal from the other “birds.”

3. Each person in your group will use one of the
tools—this will be your beak.

4. You will compete against the other “birds” in
your group to acquire as much food as possible
in 30 seconds and put it in your “stomach”
(plastic container).

5. Before beginning each competition, predict
which beak will win.

6. Each group will perform three competition
trials at each station. Record the number of

food items caught for each trial and average the

result.

7. Rank each beak according to the average
amount of food caught.

8. When directed by your teacher, rotate to the
next station and repeat Steps 4 to 7.

NEL

Conclusion
Complete the following items to answer the question
posed at the beginning of the investigation.

Analysis
(a) Which beak shape won in each of the feeding

situations?

(b) For each station, draw a bar graph that shows
the average amount of food gathered by each of
the beak types.

Evaluation

(¢) When an organism is able to survive in several
different environments, it is called a “generalist.”
Which of the beak types would most likely
belong to a generalist?

(d) When an organism is able to do very well in one
environment but performs poorly in others, it is
called a “specialist.” Which of the beak types
would most likely belong to a specialist?

Synthesis

(e) How might the results change if the size of the
food items changed? How might the results
change if the size of the beak changed?

(f) The beak of a bird is also needed for nest
building. Which adaptation is more likely to
influence beak shape, nest building ability or
feeding ability? Explain your reasoning.

(g) What is the advantage to all of the birds by
having different beak shapes?

Chapter 3 Investigation




CHAPTER

3 « Review .

Community Ecology

Key Ideas
The biosphere contains distinct biological communities.

¢ The distribution of living things is limited by the environmental
conditions in different areas of Earth.

 Factors such as solar energy, latitude, elevation, wind patterns, and ocean
currents influence climate, which in turn influences the distribution of
world biomes.

« Biomes are major ecosystems with similar abiotic conditions containing
similar organisms.

o British Columbia has fourteen distinct biogeoclimatic zones.

L e

© ANTARCTICA

Species adapt to changes in environmental conditions and to other
organisms.

» Competition leads to adaptation that allows organisms to occupy separate
niches.

* In predator—prey relationships, prey populations adapt to avoid being
eaten, while predator populations adapt to improve capturing prey.

+ Biodiversity varies from one location to another as a function of abiotic
factors.
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Vocabulary

climate, p. 51

latitude, p. 51

elevation, p. 51
climatograph, p. 53
biome, p. 54

tundra, p. 55

permafrost, p. 55

boreal forest, p. 56
canopy, p. 56

temperate deciduous forest, p. 56
understorey, p. 56
temperate rainforest, p. 57
grassland, p. 57

savanna, p. 57

tropical rainforest, p. 58
desert, p. 58

polar ice, p. 58
adaptation, p. 61

natural selection, p. 61
mimicry, p. 63
coevolution, p. 63
biodiversity, p. 64

primary productivity, p. 64
extinction, p. 64
extirpation, p. 64

keystone species, p. 64
niche, p. 68

competition, p. 68
interspecific competition, p. 68

intraspecific competition, p. 68




Species in communities interact in many different ways. resource partitioning, p. 68

+ Keystone species play an important role in determining the types and adaptive radiation, p. 68

numbers of other species in the community. oroliferation, o 68

» Competition can occur between different species in the community or

between individuals of the same species. foreign species, p. 69

» Foreign species may be introduced to ecosystems and out-compete native ecological succession, p. 71
species. pioneer species, p. 71

primary succession, p. 71

climax community, p. 71

secondary succession, p. 72

Succession is an indication of change in an ecosystem.

e Succession is a process of gradual change in the types of plants that
represent the structure of a community.

» Primary succession describes the changes that occur in a newly formed
habitat that has not yet sustained life.

¢ Secondary succession describes the changes that occur in an area where
there has been previous growth such as abandoned fields or forest
clearings.
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Many of these questions are in the style of the Science 10 Provincial Exam.
The following icons indicate an exam-style question and its cognitive level.

B knowledge [ understanding and Application [GIYG} Higher Mental Processes

Review Key Ideas and Vocabulary

a 1.

a s.

Which of the following is an abiotic condition
that could lead to low biodiversity?

A. abundant rainfall

B. poor soil conditions

C. stable annual temperature

D. few plant species growing in the area

Distinguish between pioneer species and climax
community.

What is meant by the statement: “Each stage of
succession paves the way for the next™?

Which stage of succession is most likely to exist
in a dynamic equilibrium?

In which of the following situations would
primary succession occur?

A. on bare rock

B. after a forest fire

C. only in terrestrial ecosystems

D. after the logging of a climax forest

6. List two chemical defences of plants.

a s

10.

< NUS

Compare predator and prey (similarities and
differences).

Which of the following abiotic factors is a
characteristic of the tundra biome?

A. nutrient-poor soil

B. direct solar radiation

C. high average annual temperature

D. over 200 cm of precipitation each year

Explain how the distribution of the world’s
biomes are influenced by abiotic factors.

What characteristics do both the desert and
tundra biomes share in common?

Which of these characteristics applies to the

temperate rainforest?

A. thin nutrient-poor soil

B. occupy coastlines in middle-latitudes

C. approximately 75 cm of precipitation
annually

D. temperatures remain near freezing
throughout most of the year

Unit A Sustainability of Ecosystems

Use What You've Learned

012

13

H14.

M1s.

M1e.

(a)

(b)

(c)

In which of the following biomes will the
removal of a species have the greatest impact?
A. tundra

B. boreal forest

C. tropical rainforest

D. temperate deciduous forest

Match each of the energy pyramids shown
below with the correct biome: tundra, grassland,
or temperate rainforest.

Which of the following four ecosystems has the
greatest rate of photosynthesis?

A. desert

B. polar ice

C. boreal forest

D. temperate deciduous forest

Which of the following processes is most likely
to lead to a decrease in biodiversity?

A. extinction

B. biodegradation

C. adaptive radiation

D. species proliferation

Which of the following is a biome?
the Pacific Ocean

the Arctic tundra

the continent of North America
the province of British Columbia

=Rl ol
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[ 17. Which of the following processes describes an
interaction between abiotic and biotic factors?
A. commensalism
B. predator—prey cycle
C. rate of photosynthesis
D. interspecific competition

18. How does the angle at which Earth is tilted on
its axis relate to the distribution of tropical
regions?

19. Summarize the effect of each of the following
on climate patterns:

(a) solar radiation hitting Earth directly

(b) solar radiation hitting Earth at an angle

(c¢) annual path of Earth around the Sun

(d) the presence of mountain of near the
coastline of continents

(e) effect of warm ocean currents near
continents

20. For each of the following statements, indicate
which of the biomes labelled in Figure 1 is

described.

Tropic of
| Cancer

Equator

| Tropic of Capricom

ANTARCTICA

Figure 1

(a) smallest variation in seasonal temperature

(b) caribou feed on lichen and mosses

(c) producers are adapted to extreme heat and
low precipitation

(d) soil with the highest nutrient levels

(e) seasonal deciduous forests dominate

21. Design an investigation that could be performed
in order to determine whether an organism is a
keystone species.

[22. Which of the following factors is responsible for
the distribution of the world biomes?

| | latitude

[l | altitude

Il | annual precipitation

[V | average annual temperature

A. Tonly

B. Iand III only

C. IIand IV only

D. LIIIII, and IV
Think Critically

23. What factors may be responsible for
fluctuations in size of the predator and prey
populations?

24. Explain how specialization to a narrow niche

can be both an advantage and a disadvantage to

an organism.

25. Explain how a broad niche may lead to

increased competition.

26. Explain why it is more likely that adaptive
radiation will result from intraspecific
competition than from interspecific

competition.

27. Describe two host adaptations that help to

defend against parasites.

28. Describe two adaptations that improve a

parasite’s success in occupying a host body.

Reflect on Your Learning

29. When the term “climax community” was first
introduced, it referred to a final stable
community. Today, most ecologists believe that
no ecosystem has an end point. What types of
changes do you think might continue to occur
in a climax community? What types of
disturbances might affect a climax community?

.science.nelson.com
o Www.science.nelson.co @

(—4 Visit the Quiz Centre at e J
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'

Chapter Preview

Take a deep breath, and then exhale onto your hand. The
breath you exhaled contains carbon in the form of carbon
dioxide. The carbon you exhaled could be the same
carbon that was exhaled 70 million years ago by a
Tyrannosaurus rex, a carnivorous dinosaur. Look at the
geological features in the limestone caves pictured here.
Limestone is composed of calcium carbonate, a
compound made of calcium, carbon, and oxygen. These
caves provide an abiotic storage form for carbon.

Unlike energy's one-way flow through an ecosystem,
matter flows in cycles. Energy in an ecosystem needs to
be constantly replenished by the Sun, but the amount of
matter in an ecosystem is limited. The chemicals that
make up organisms are continuously broken into different
forms, and then synthesized again into new compounds.
The elements go through a cycle where compounds
change from one form to another, and finally back to the
original elements again. The elements can make up
complex compounds in living things or salts in the ocean.
In this chapter, you will learn about the cycling of matter
between the biotic and abiotic components of
ecosystems.

TRY THIS: Transpiration in Plants

Skills Focus: observing, measuring, recording

Plants absorb water from the soil through their roots. In this
activity, you will observe how plants are part of the water cycle.

Materials: balance, clear sandwich bags with twist ties, live trees
or shrubs

1. Label two sandwich bags A and B. Determine and record the
mass of each bag.

2. Place one bag around a leaf or group of leaves of a
deciduous tree or shrub. Place the second bag around part of
a branch of a coniferous tree or shrub. Use the twist ties to tie
off the open end of the bags.

Nature’s Recyclmg
Programs o

KEY IDEAS
Matter is classified as
organic or inorganic.

Nutrients cycle between biotic and
abiotic components of ecosystems.

. Remove the bags after 24 h. lake care not 1o spill any of

the contents.

. Measure and record the mass of the bags.

A. Was there a difference in the amount of water collected in

the two bags?
Which bag collected the most water?

B. Suggest reasons for this difference.

. If you had not collected the bags, what would normally
happen to the water?

This material has been created under the Canadian
Copyright Act (CCA) Section 32(1) for individuals with
perceptual disabilities. Further distribution or reproduction

of this material must comply with this act. All rights

Br’t’sh Columbla reserved. For more information see www.arc-bc.org.
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Cycling of Organic and
Inorganic Matter

The only new matter would come from meteorites that strike Earth’s surface.
The dynamic nature of life on Earth depends on how this matter is used and
recycled between the abiotic and biotic components of the environment. To (a) glucose, CgH,,0¢
understand how matter cycles through ecosystems, you must first know the
difference between organic and inorganic matter (Figure 1). Organic matter
consists of compounds that always contain the elements carbon and
hydrogen, although other elements may also be present. They are found in
living organisms or the fossils of once living things. Carbohydrates, such as
sugar, are examples of organic molecules. They contain carbon, hydrogen,
and oxygen.

Inorganic matter describes matter that is not of biological origin; it may
or may not contain carbon, and is often of mineral origin. Water and salts
are examples of inorganic compounds. Although carbon dioxide contains
carbon, it is classified as an inorganic compound because it does not contain
hydrogen. You will learn more about the composition of these compounds
in Unit B. Table 1 lists some common organic and inorganic compounds.

Since its formation, Earth has contained most of the matter it will ever have. i

Table 1 Some Common Organic and Inorganic Compounds

Organic compounds Inorganic compounds nucleic acid
. (b) (DNA)
carbohydrates water
proteins salts
nucleic acids (e.g., DNA) ammonia D
lipids oxides
(0 water, H,0

Photosynthesis and Cellular Respiration

Probably the most important chemical processes on Earth are
photosynthesis and cellular respiration. They are the basis for most life on
Earth. Photosynthesis occurs when plants use the Sun’s energy to convert

carbon dioxide and water into carbohydrates and oxygen. The carbohydrates
are used by plants to form their structures and to produce the energy

required for cellular functions. o o ° o

sodium chloride, NaCl

Photosynthesis makes the Sun’s energy available to other organisms when cr Ng* C H 0
these organisms consume the plant’s carbohydrates as an energy source to Figure 1 (a) and (b) are organic
carry out cellular respiration in their own bodies. Cellular respiration is the ~ compounds, and (c) and (d) are
reaction between carbohydrates and oxygen that produces energy, carbon inorganic compounds. How can you tell
dioxide, and water. You will learn more about these two processes in the next N

section.
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TRY THIS: Priestly’s First Experiment

Skills Focus: observing, concluding, communicating

Joseph Priestley was an 18th-century scientist who performed 2. Place the plant beside one candle.
experiments revealing some relationships between plants and 3. Place one bell jar over the candle flame and the second jar
animals. In this activity you will repeat Priestley’s first experiment. over the candle flame and mint plant. Start the stopwatch.
Materials: 2 safety candles in holders, matches or barbeque 4. Stop the stopwatch when the first candle flame goes out.
lighter, 2 bell jars or wide-mouthed jars, 1 mint plant, safety Note the time and then start it again. Stop the stopwatch
goggles, 1 stopwatch or a clock with a second hand when the second candle flame goes out.
- A. Which candle burned the longest?
Be careful around flames. Tie back long hair.
A : B. What caused the candle flames to go out?
Remove loose jackets. Wear goggles. Place bell jars ] _ .
Lover flames quickly. Do not drop the bell jars. C. Which gas was used up in the burning?
D. Which gas was produced by the burning?
1. Put on safety goggles. Work with a partner and light both E. Explain why one candle burned longer than the other.

candles. Be sure they are both secure in their holders.

Priestley’s Second Experiment

Priestley performed a second experiment using plants and mice. He created
three sealed environments: one with a single mint plant; one with only a
mouse; and one with a mint plant and a live mouse (Figure 2). You may
have already predicted his results. After some time the plant by itself wilted.
Both mice eventually died, but the one in the jar with the plant lived longer.
Based on the experiments of Priestley and other scientists, it was soon
discovered that plants used carbon dioxide and water to make carbohydrates
and oxygen, and that animals needed the oxygen the plants produced to
survive.

LEARNING TIP »
Check your understanding. Work with
a partner to answer the question
raised in Figure 2.

A f

Figure 2 Priestley's second experiment. Why do you think the mouse in the jar labelled C lived
longer?

Carbon and oxygen are just two of the many nutrients required by living
things. Recall that nutrients are the elements and compounds that organisms
must have in order to grow and live.

Unit A Sustainability of Ecosystems NEL




%:_CHECK YOUR Understanding

1. (a) Explain the difference between organic and
inorganic compounds.
(b) Give two examples of each.

2. Why is carbon dioxide not an organic
compound?

3. Which of the following elements are contained
in carbohydrates?

| | carbon

Il | oxygen

Il | hydrogen

[V | nitrogen

A. Tonly

B. Iand Il only

C. L 11, and Il only
D. L II,and IV only

4. Identify the following compounds as organic or
inorganic:

to produce carbohydrates.

(b) Name the process that produces energy
from carbohydrates.

(c) Explain why these two chemical processes
are considered to be the most important for
life on Earth.

6. (a) In Priestley’s second experiment, suggest
why the mint plants wilted.
(b) Why did the mouse placed in the jar with
the plant survive longer than the mouse
placed in the jar by itself?

NEL

7. Using what you know about photosynthesis and
cellular respiration, explain the observations in
each step of Priestley’s experiments. Look back
to page 84 for a reminder of the experiments.

8. Name four nutrients necessary for life.

9. The fossils in Figure 3 have been preserved for
millions of years. Are they examples of organic

or inorganic matter? Explain your answer.

Figure 3

10. Complete the following:
(a) carbon dioxide + water —
carbohydrate +
(b} CH. 0. +0, — + water
(¢) The chemical reaction in (a) is called

(d) The chemical reaction in (b) is called
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() lipid

Figure 1

Important organic compounds found in
food include (a) carbohydrates,

(b) proteins, and (c) lipids. .

The Carbon Cycle

Carbon is important in ecosystems because it is the key element in all living
organisms. Carbon compounds are the basis for most biological molecules.
The food you eat contains carbon (Figure 1). Carbohydrates are carbon
compounds that organisms consume to gain useable energy. Proteins are
carbon molecules that form structural parts of organisms and control body
functions. Lipids also contain carbon; they serve as a long-term storage of
energy and provide insulation against heat loss. Through the process of
digestion, these complex organic compounds are broken down into simpler
molecules that your cells use to build other complex molecules that become
part of your own structure.

Sources of Carbon

Carbon is found not only in the atmosphere but also in the ocean, in Earth’s
crust, and in all living things. Carbon reservoirs, such as oceans, forests, and
fossil fuels, store and release carbon slowly. Reservoirs that absorb more
carbon than they release are called carbon sinks. These include forests and
oceans. Oceans store carbon in two forms. Some of the carbon dioxide from
the atmosphere becomes dissolved in the water, where it is used by aquatic
producers in photosynthesis. Some carbon dioxide reacts with salt water to
form calcium carbonate (CaCO,) that is used to make the shells and other
hard structures in marine organisms such as molluscs and corals. When
these organisms die, the calcium carbonate making up their skeletons
becomes part of the ocean sediments that will eventually become limestone.
The limestone caves shown in the chapter preview are carbon sinks. The
carbon stored here is released very slowly by weathering and erosion. The
bodies of living things, trees in particular, provide a large reserve of carbon.
The old growth forests in British Columbia contain trees that are hundreds
of years old. As they grow, each tree converts atmospheric carbon into
carbohydrates, which become a significant carbon sink. Cutting down trees
does not release the carbon, but it does prevent the trees from storing any
more carbon. When trees are burned, carbon is then released back to the
atmosphere. Many photosynthetic organisms die and are buried before they
fully decompose. These organisms can become fossils that may be
compressed to form fossil fuels such as coal, oil, and gas. These fossil fuels
are an important reservoir of carbon; however, they become a carbon source
when, during the burning of fossil fuels, more carbon is released than is
stored.

The cycling of carbon through ecosystems is called the carbon cycle,
illustrated in Figure 2. Photosynthesis and cellular respiration are
responsible for most of the carbon recycling. Each year, approximately
70 billion tonnes of carbon from inorganic compounds are recycled into
organic compounds through the process of photosynthesis. The processes of
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photosynthesis and cellular respiration complement each other. The
products of photosynthesis are used as the reactants in cellular respiration.
This ensures a balance of oxygen and carbon dioxide within the biosphere.
Photosynthesis occurs in the chloroplasts of green plants. The process
uses light energy from the Sun to combine atmospheric carbon dioxide and
water into glucose (a sugar), a carbohydrate.
The photosynthesis reaction is summarized in the following equation:

Reactants Products
6CO, + 6H,0 + energy — bl . = Dy
carbon dioxide gas + water + energy — glucose (sugar) + oxygen gas

The carbon in the sugar (carbohydrates) is passed along food chains and
webs by consumers and decomposers. It is finally released back to the
atmosphere as carbon dioxide gas through the process of cellular respiration
summarized below:

Reactants Products
CH,,0, + 60, - 6CO, + 6L O ehérgy

glucose (sugar) + oxygen gas — carbon dioxide gas + water + energy

Figure 2 The carbon cycle

NEL

LEARNING TIP
Diagrams show written information in
a simplified way. To prepare for
reading Figure 2, survey the diagram,
review the labels, and then read the
caption. What does the diagram
show? Follow the paths of the arrows.
What do the arrows tell you? Try to
visualize {make a mental picture of)
the carbon cycle.

4.2 The Carbon Cycle




To explore the carbon cycle in
more detail, go to

g VWW.science.nelson.com

L

STUDY TIP «
Do exams make you nervous? First,
define the problem. Is the problem a
lack of organization and time
management? Is it a lack of
preparation? Or is it difficulties with
note-taking and studying? Once you
have defined the problem, then you
can start generating solutions.

The carbon cycle is much more complex than the simple exchange of
carbon from carbon dioxide and carbohydrates. Carbon is cycled through
the biosphere in several processes other than photosynthesis and cellular
respiration. For example, digestion and decomposition break down
carbohydrates and return the carbon to the soil or water. Geological
processes, such as volcanic activity, release carbon dioxide gas from
inorganic carbon compounds such as limestone found in the crust. Erosion
returns carbon compounds to the ocean where they are incorporated into
ocean sediments. Human activity such as combustion or burning of fossil
fuels, and cutting and burning forests, releases stored carbon into the
atmosphere in the form of carbon dioxide. @

Carbon Compounds and Greenhouse Gases

Two carbon-containing compounds, carbon dioxide and methane (CH,), are
greenhouse gases. Greenhouse gases act like the glass of a greenhouse by
trapping the heat from the Sun in the atmosphere resulting in the
greenhouse effect (Figure 3). Without a certain amount of greenhouse
gases, Earth would be too cold to sustain life as we know it. Unfortunately,
too much trapped heat can cause dramatic changes to the climate. Many
scientists attribute the increase in CO, to the steady increase in combustion
of fossil fuels by humans. Also, changes in land use, such as the clearing of
forests for agriculture and housing, have contributed to increased CO, levels
by changing carbon sinks to carbon sources. Ruminant livestock, such as
cows and sheep, and decomposition at landfills, produce much of the global
methane emissions from human-related activities. A result of these human
activities has been an increase in global temperatures. You will learn more
about global climate change in Chapter 16.

nfrared ra

emitted Dy

incoming
solar

radiation

GREENHOUSE

. GHGs trap

e some outgoing ||
f infrared
radiation

Figure 3 The greenhouse effect
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TRY THIS: Carbon Dioxide and Photosynthesis

Skills Focus: predicting, recording, analyzing

In this activity, you will use plants, soda lime, and baking soda to 5. Observe, and record your observations.

predict and test the effects of carbon dioxide on photosynthesis. A. Describe one way that you could control this experiment.

Materials: Two similarly potted plants (such as begonias), clear
plastic bags, elastic bands, ruler, one small plastic container of
soda lime, one small plastic container of baking soda, apron,
disposable gloves, safety goggles

B. Describe the growth in each pot.
C. How do your results relate to your prediction?

D. Describe the effects of carbon dioxide on photosynthesis.

0 Wear your apron, gloves, and goggles. Avoid : - g—
touching your eyes after handling soil, soda lime, or i ;' ‘ -
L baking soda. ; _ -

1. Place a plastic container of soda lime on the soil of one plant baking sodu |
and label accordingly. '

2. Place a plastic container of baking soda on the soil of another
plant and label accordingly.

3. Place the plastic bags over the plants and pots, and secure
with the elastic bands as shown in Figure 4.

4. Predict what you will observe occurring to each plant over the Figure 4
next few days.

The Oxygen Cycle

Another vital nutrient for all organisms is oxygen. In Grade 8, you

learned how the respiratory systems of humans use the oxygen trace gases 1 %
from inhaled air to chemically break down food and release the
energy necessary to live. Humans cannot survive very long
without oxygen. After about five minutes without oxygen,
human brain cells die and permanent brain damage can occur. oxygen
Plants and other autotrophs also require oxygen, but they A
produce more than enough for their own cellular respiration
and release the rest into the atmosphere or water.

The main source of oxygen is atmospheric air. Air is R
composed of two main gases: nitrogen (78 %) and oxygen 78 %
(21 %). Other trace gases are also present (Figure 5).

Oxygen is the most abundant element in Earth’s crust. It is
combined with silicon along with other compounds to form
silicates. Oxygen is also contained in water molecules. Oxygen
gas dissolved in water is available to aquatic organisms in order
for them to carry out cellular respiration. Oxygen is dissolved
in water through the movement of water at the surface, for Figure 5 The composition of air
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LEARNING TIP «

Check your understanding. Ask
yourself, “What are the most
important points that | have learned
about the carbon cycle?” If you have
difficulty answering this question,
reread the section to re-acquaint
yourself with the important points.

Did You ‘)

—®
The Night Shift

During the day when the Sun is
available, plants produce 10 times
more oxygen than they need. At
night, however, they need to absorb
oxygen from the atmosphere or water
to carry out cellular respiration. This
can produce low oxygen levels in
some aquatic environments.

example, when waves form (Figure 6). It is also released by aquatic plants
and phytoplankton during photosynthesis. Recall from Chapter 2 that
phytoplankton are photosynthetic aquatic micro-organisms that move
through the water with water currents and produce much of the world’s

oxygen.

Figure 6 Oxygen gas is
dissolved in water during
movement at the surface,
such as when water rushes
over these rapids.

You have learned that oxygen is released into the atmosphere by plants
during photosynthesis. The oxygen cycle describes the path of oxygen
through ecosystems. It occurs in combination with the carbon cycle. Look
back at Figure 2 and identify the role of oxygen within the carbon cycle. The
oxygen cycle includes both photosynthesis and cellular respiration. Most
organisms require oxygen to release the energy from carbohydrates, and they
take in oxygen gas from the atmosphere or water. The oxygen reacts with the
carbohydrates in food to produce the chemical energy necessary for life.
Respiration that uses oxygen to release the energy in carbohydrates is called
aerobic respiration.

There are some organisms, such as certain bacteria, that do not require
oxygen to release energy from carbohydrates. Anaerobic respiration or
fermentation occurs in the absence of oxygen. Certain bacteria use this
method and instead of carbon dioxide and water, they release compounds
such as methane, ethyl alcohol, and acetic acid (the main ingredient of
vinegar).

Some plants and animals that usually get energy from aerobic cellular
respiration are able to use anaerobic respiration when extra energy is
needed. For example, human muscle cells are able to perform anaerobic
respiration, but only for short periods of time, such as during intense
exercise. During the anaerobic respiration, lactic acid is released, and
accumulates in the muscle cells. It is this lactic acid buildup that causes sore
muscles after exercise.

Plants are critical to the production of oxygen. Early in the history of life
on Earth, only photosynthetic organisms existed. They could convert the
carbon dioxide in the atmosphere along with water and the Sun’s energy
into carbohydrates and oxygen. The excess oxygen remained in the
atmosphere or the oceans. Once enough oxygen was available, animals
requiring a lot of oxygen could then be supported.
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é;ijHECK YOUR ‘Ut;derstanding

1. Identify the appropriate organic molecule that
matches the following descriptions:
(a) forms structural components of organisms
(b) provides immediate energy
(c) controls body functions
(d) provides insulation against heat loss
(e) long-term storage of energy

2. List five sources of carbon. Identify if they are
biotic or abiotic.

3. What are two uses for carbon dioxide in marine
organisms?

4. Why are phytoplankton so important in marine
ecosystems?

5. Explain how trees provide a large reserve of
carbon. Give examples of animals that also store
carbon.

6. Consumers release carbon dioxide as waste
during cellular respiration. Give one example of
how animals use carbon dioxide.

7. Why are some fossils considered to be
significant reservoirs of carbon?

8. In your own words, explain why photosynthesis
and cellular respiration are considered to be
complementary processes.

9. Where does photosynthesis occur in plants?

10. Give the chemical formulas of the reactants and
products of photosynthesis.

11. Name and complete the following word
equation:
gas + water +

produces + oxygen gas

NEL
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Complete the following reactions by filling in
the missing substances:

6C0O; +6___ +energy - CHOO + .
Name of reaction: ____

T DXygen gus - g ~H-Swalen
energy

Name of reaction:

. Name five processes that release carbon dioxide.
14.

Explain the importance of decomposers in the
carbon cycle.

Draw a simple diagram of the carbon cycle,
using the following terms: consumers,
photosynthesis, combustion, fossil fuels,
decomposers.

Which of the following will add oxygen to the
atmosphere?

A. planting trees

B. cutting down trees

C. burning fossil fuels

D. decomposing organisms

Scientists are concerned about large-scale
clearing and burning of forests to make way for
farmland and housing. Explain how the burning
of forests could change the levels of both oxygen
and carbon dioxide in the atmosphere.

How might changes in the oxygen levels in the
atmosphere affect living things?

Describe the two methods by which oxygen
becomes dissolved in water.

Describe an important role that phytoplankton
play in the carbon cycle.

4.2 The Carbon Cycle




LEARNING TIP

The Nitrogen Cycle

Section 4.3 includes many new terms.
As you read each new term, ask
yourself, “Do | know the meaning of
this term?” If not, write the term on a
study card. On the back of the card,
write the definition in a form that is

meaningful for you.

nitrogenous
base

sugar -

phosphate

(a)

@—- Investigation

Effects of Nitrogen on Algal
Growth

To perform this investigation, turn to
page 101.

In this investigation, you will explore
the effects of fertilizer on algal

growth.

All organisms need nitrogen. In living things, nitrogen atoms are used to
synthesize nucleic acids and amino acids (Figure 1). As you learned in
Grade 9, nucleotides are the building blocks of the nucleic acids DNA and
RNA. These molecules are necessary to determine the special traits of each
individual organism and to pass these traits on to offspring. Amino acids are
the building blocks of proteins, which are critically important structural and
functional molecules in living things.

= amino acids

Figure 1 (a) Nucleic acids and (b) amino acids contain nitrogen.

Sources of Nitrogen

Nitrogen is the most abundant gas in the atmosphere. However, nitrogen gas
(N,) is a very stable molecule and is unavailable to most organisms because
it is difficult to break the strong bonds within the nitrogen molecule. The
movement of nitrogen between the abiotic and biotic components of the
biosphere is called the nitrogen cycle (Figure 2). In order to be useful to
organisms, nitrogen gas must first be converted to usable nitrogen
compounds. Investigation

Nitrogen Fixation

The first step in the nitrogen cycle occurs when nitrogen from nitrogen gas
is “fixed” or combined with hydrogen to produce ammonia (NH,). This
process is known as nitrogen fixation. Certain bacteria are capable of fixing
nitrogen and they produce the majority of ammonia in water and soil. These
nitrogen-fixing bacteria are also found in nodules on the roots of certain
plants called legumes, which include crops such as peas, peanuts, soybeans,
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Figure 2 Nitrogen moves in a cycle through ecosystems from the environment through food chains and back into the environment.

clover, and alfalfa, and wild plants such as alders and lupins (Figure 3). The
relationship between the plants and the bacteria is symbiotic and benefits
both organisms, as well as other plants.

There is usually much more ammonia produced during nitrogen fixation
than either the bacteria or plant require. The excess ammonia moves into the
soil, where it dissolves in water and becomes available as ammonium ions
(NH,*). On land, certain lichens, in a symbiotic partnership between
fungus and cyanobacteria, can also fix nitrogen. These cyanobacteria also
carry out the process of nitrogen fixing in aquatic ecosystems by converting
nitrogen into ammonia that phytoplankton and multicellular aquatic plants
absorb. Non-biological nitrogen fixation by lightning and cosmic radiation
also makes atmospheric nitrogen available for plants, but in much lower
quantities than from biological nitrogen fixers.

Nitrification

Most plants require a combination of ammonium ions (NH, ™) and nitrate Figure 3 Nodules in the roots of this
ions (NO, ™) for optimal growth. Nitrate is a highly soluble form of pea plant contain nitrogen-fixing
nitrogen containing both nitrogen and oxygen. It is produced from bacteria.

ammonium by bacteria in the soil. As shown in Figure 2, the process that
produces nitrate from ammonium, is called nitrification. Nitrate is taken up
by plants through their roots. Plants use the nitrate to synthesize the

NEL 4.3 The Nitrogen Cycle




Did You ‘) nitrogen bases in nucleic acids (DNA and RNA), as well as the amino acids
STyl that are then assembled into proteins.

RS Animals obtain their nitrogen by consuming plants or by consuming
What's the Difference? other organisms that have consumed plants. The plant proteins are broken
The polyatomic nitrate ion (NO3™) is down into amino acids and reassembled into the specific proteins that the

often referred to as "nitrate” or
“nitrates.” Nitrite ions (NO,~) are
often referred to as “nitrite” or
“nitrites.”

animals need. The nucleic acids are also digested into individual nitrogen
bases and used to form the animal’s own unique strands of DNA and RNA.

Decomposition and Denitrification

As you learned in Chapter 2, when organisms die, they decompose. Nitrogen
compounds in nucleic acids and proteins are broken down by decomposers
such as bacteria and fungi into the simpler ammonia and nitrate. These
dissolve in water in the soil or other water sources, and are once again
available to be absorbed by plants.

Another group of bacteria convert ammonia and nitrate back to nitrogen
gas in the process of denitrification. These bacteria are anaerobic and grow
best in the absence of oxygen. Aerating lawns in the spring adds more
oxygen to the soil, which slows the growth of these bacteria and reduces the
breakdown of nitrates into nitrogen gas. This keeps the nitrates available for
plants and reduces the need for fertilizer use. Bogs are environments with
low levels of useful nitrogen. This is because denitrification speeds up when
the soil is very acidic or waterlogged and is therefore low in oxygen. Bogs
only support certain types of plants that can tolerate low nitrogen levels.
Unique to this environment are carnivorous plants such as pitcher plants

Figure 4 Insect-eating plants like this : ) :
B.C. sundew can grow in nitrogen-poor and sundews (Figure 4). These plants actually trap insects and obtain part of

soil. their nitrogen by digesting them.

TRY THIS: Upsetting the Balance

Skills Focus: creating models, observing, recording

Materials: 2 1 L wide-mouth jars, pond water, 2 strands 3. Add one strand of aquatic plant and three snails to each jar.
(10-15 cm) of aquatic plant (e.g., Elodea), 6 pond snails, 4. Add 5 mL of fertilizer to the experimental jar.
AR e e §10-20-200) 5. Put both jars on the windowsill or in a bright location.
6. Record observations each day for 2 weeks.
Perilizers 392 AL, Your Simier il gh you A. Identify the roles of the aquatic plant and the snails in your
specific information about the fertilizer that you are 3 d P y
: . . ; ecosystem.
using. Clean any spills, especially on skin or _ .
clothing, with water. Wash your hands after the B. What other organisms may be present in your ecosystems?
activity. C. Describe the purpose of the control jar.
D. Explain the changes you observed.
1. Label one jar “control” and the other " experimental. E. Explain how sewage entering a lake could have an effect on
2. Fill both jars with pond water. the p|am growth in the lake.

Unit A Sustainability of Ecosystems NEL




10.

E1.
122

13.

NEL

N

e

(CHECK YOUR Understanding

Name three compounds that contain nitrogen.

Nitrogen gas is the most abundant gas in the
atmosphere. Explain why it is not useful to most
organisms in its atmospheric state.

What are nitrogen-fixing bacteria? Where are
they found?

Name the nitrogen molecule that results from
nitrogen fixation. Write its formula.

Explain the symbiotic relationship between
nitrogen-fixing bacteria and the plants they
inhabit.

List four plants that carry out nitrogen fixation.

Name the following nitrogen polyatomic ions or
compounds.

(a) NO,~

(b) NO,™

(0 N,

(d) NH,

(¢} NH;™"

How do most plants get their nitrogen? How do
animals get nitrogen? Explain the difference.

What do plants do with nitrogen?

Explain the difference between nitrogen fixation
and nitrification.

Name two ways that nitrification occurs.

Plant and animal proteins are not all the same.
Explain how animals can get the proteins they
need by consuming plants.

An experiment was performed on bacteria
living in the roots of certain plants. The results
showed that during the nitrogen cycle, the
bacteria

denitrify nitrogen compounds.

convert nitrogen gas into ammonia.
convert nitrogen gas into plant proteins.
convert nitrogen compounds into nitrogen
gas.

SO g

14.

What adaptations do plants that live in low
nitrogen habitats, such as the tundra ecosystem
in Figure 5, possess?

Figure 5

1’5,

16.

17.

Farmers sometimes alternate crops that require
large amounts of nitrogen, such as corn, with
alfalfa that usually is less valuable in the market
than corn. Explain why farmers would plant a
crop that provides less economic value.

Draw a simple diagram of the nitrogen cycle
using the following terms: nitrogen fixation,
nitrification, decomposition, and
denitrification.

For each description, indicate whether the

process is nitrification, denitrification, or

nitrogen fixation.

a) occurs as material decomposes

b) can be caused by lightning

¢) increases levels of nitrate in soil

d) involves root nodules of legumes

e) occurs as bacteria convert ammonium ions
to nitrate ions

f) occurs as bacteria convert nitrogen gas to
ammonium ions

g) increases levels of atmospheric nitrogen

4.3 The Nitrogen Cycle




Did You ‘)

—®
Adding to the Cycle

N-P—K fertilizers are composed of
combinations of nitrogen,
phosphorus, potassium, and other
minor nutrients, all necessary for
healthy plant growth. For example, a
10-15-10 fertilizer contains 10 %
nitrogen, 15 % phosphorus (as P,0s),
and 10 % potassium (as K,0). The
other 65 % is filler that may or may
not contain other nutrients. A 10 kg
bag of 10—15-10 fertilizer would
have 1.0 kg of nitrogen, 1.5 kg of
P,0s, and 1.0 kg of K,0.

Figure 1 Many of the world’s crops
are produced with the help of chemical
fertilizers.

Explore an Issue

O Defining the Issue @ Analyzing the Issue ® Communicating
@ Researching ® Defending a Decision @ Evaluating
@ Identifying Alternatives

Sustainable Agriculture

Over the past 60 years, numerous technologies have allowed for a dramatic
increase in world food production. These include improvements in
equipment for farming and fishing, genetically engineered high-yield and
disease-resistant crops, and chemical pesticides and fertilizers to enhance
crop yield. While these technologies have been effective in increasing the
amount of food produced, they have also had significant impacts on the
environment.

The Issue: The Impact of Agricultural Practices

The current use of fertilizers is not healthy for the environment. Long-term
effects of using fertilizers are known to damage ecosystems, including those
that are located some distance from where the fertilizers were applied. On
the other hand, the advantage of this agricultural practice is that fertilizers
increase crop yields and are cost efficient. However, sustainable agriculture
must produce enough crops for the world’s increasing population, as well as
produce crops without causing permanent damage to the environment. As a
result, the agriculture industry is being challenged to develop and use
alternatives that will not interfere with the natural cycling of Earth’s matter.

Statement
Agriculture in British Columbia should apply only sustainable,
environmentally friendly fertilizers for its agricultural crops.

Background to the Issue

The present methods used to grow food to meet the needs of the world’s
population include the use of chemical fertilizers. Fertilizers are added to the
soil when naturally occurring nutrients have become depleted because the
same crops are harvested on the same fields from year to year. Chemical
fertilizers replace nutrients such as nitrogen, phosphorus, and potassium
(Figure 1). Unfortunately, these added chemicals disrupt the normal cycling
of matter in ecosystems. The main problem is the contamination of soil and
water. Nitrogen from fertilizers is converted to nitrates in the soil, and can
leach into ground water, affecting drinking water supplies and bodies of
water far from the fields. Chemical fertilizers also add phosphorus to the
soil. When the phosphorus leaches into the ground water and gets
transported to other bodies of water, it promotes increased algal growth.
When the algae die populations of decomposers increase, depleting the
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oxygen in the water and causing problems for other aquatic organisms, such
as fish and amphibians (Figure 2).

Clearly, there are both advantages and disadvantages of using chemical
fertilizers. Table 1 outlines some of these.

Table 1 Advantages and Disadvantages of Chemical Fertilizers

Advantages Disadvantages

increases crop yields no organic material is added to the soil

lowers production costs only three essential nutrients are added to the soil

makes nutrients immediately | makes nutrients available for only a short period of time, and
available to plants leaches into soil and ground water

makes farming profitable uses large amounts of energy for production

releases nitrous oxide, a damaging greenhouse gas

?
What Can Be Done? Figure 2 When algae decompose in

There is no doubt that current agricultural practices are damaging the fresh water, the oxygen in the water is
environment. However, the world’s population is growing and enough food used up and other aquatic organisms
must be produced to avoid widespread starvation. A balance must be found may die from lack of oxygen.
between permanently damaging the environment and not producing
enough food to feed the growing population.
There are some alternatives to chemical fertilizers, including the use of
organic fertilizers such as compost and manure. Other techniques, such as
crop rotation, can be used to increase sustainable agriculture but they
require more time and money. This is important because agricultural
practices must be profitable in order to be sustainable. Research is focusing
on other alternatives to increase yields.

Make a Decision

1. In groups, research the issue to learn more about perspectives on
current sustainable agriculture practices and the use of chemical

LEARNING TIP »
When taking a position on an issue, it

fertilizers. Consider the present and future environmental benefits of is helpful to step into the person’s
these practices, as well as impacts on the economy. shoes and imagine what it is like to be
o Www.science.nelson.com @'( him or her.

2. Discuss which perspectives are the most important. Explain or justify
your position using your research to support your decision. Do the
benefits of your position outweigh the risks, or vice versa?

3. Decide whether you agree or disagree with the statement.

Communicate Your Position

4. Prepare a presentation that summarizes your position on the issue.
Prepare your presentation as either a debate or a position paper. Be
sure to support your position with evidence. Be prepared to answer
questions to support your position.

NEL 4.4 Explore an lssue




To learn more about the
phospholipid bilayer in cell
membranes, go to

www.science.nelson.com -
.- @

waa

phosphorus

Figure 2 ATP (adenosine triphosphate)
contains phosphorus. Energy is released
when the bonds between the phosphate
(PO,) groups are broken.

LEARNING TIP

Scanning allows you to locate a single
word, fact, or name in the text or
figure. Use this strategy when you are
looking for a fact or information to
respond to a specific question or to

write details about something.

The Phosphorus Cycle

Phosphorus is an important element in several biological molecules. For
example, the nucleic acids, DNA and RNA, have backbones of sugar and
phosphates. Animals incorporate phosphates into their shells, bones, and
teeth. As well, all cells are surrounded by a selectively permeable membrane
made of phospholipids (Figure 1). Phospholipids are made of fat molecules
with a phosphate group attached. Energy in all organisms is stored in a
molecule called adenosine triphosphate (ATP) that includes three phosphate
groups (Figure 2). @

extracellular fluid

hospholipid
R e [—carbc)hydrate

phospholipid molecules

bilayer

cell extracellular cytoplasm

membrane fluid

Figure 1 Cell membranes are composed of two layers of phospholipids, along with proteins and
carbohydrates.

Sources of Phosphorus

Unlike carbon, oxygen, and nitrogen, phosphorus does not have a gaseous
atmospheric form. The phosphorus cycle describes the path of phosphorus
through ecosystems (Figure 3). All phosphorus originates from the
weathering of sedimentary and metamorphic bedrock in Earth’s crust.
Phosphate ions (PO,*>") are soluble in water and can be dissolved out of
rock into soil or water environments through the process of weathering.
Producers absorb the phosphate ions from the soil, making them available to
other organisms in the food chain.

Dissolved phosphates are also carried to the ocean from the land via rivers
and runoff. Algae and other aquatic plants absorb these phosphates before
they become trapped in sediments. Animals eat the plants and use the
phosphates to grow shells, bones, and teeth, as well as the biological
molecules described above. The cycle continues in two directions.

The Short and the Long Phosphorus Cycle

A relatively short cycle occurs when organisms die and decompose. The
phosphates are released by decomposers, become dissolved in water, and are
made available to producers. A longer cycle occurs when animals die and the
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Figure 3 Phosphorus cycles both in a short time and in a longer geological time.

elements in their bodies that contain phosphates sink and are deposited on T‘; 'ea:‘ . albou_t theth

) ’ . , view the
the ocean floor. Once these phospates are covered with sediments, they will gn?niz ﬁc;rnu?cocgﬁ dea\t” ”
eventually become rock. The phosphates remain trapped until a geological o_VWWi.science.nelson.com ®
event, such as an upheaval or a geological uplift exposes the sedimentary :

rock to weathering once more. This route cycles the phosphorus over
geological time. @

Mycorrhizae

A symbiotic relationship exists between certain microscopic fungi and the
roots of most plants. These fungi are called mycorrhizae; myco means
“fungus” and rhizae means “roots” (Figure 4). The fungus increases the
solubility of phosphate, making it more readily available for the plant. In
return, the plant provides carbohydrates produced during photosynthesis for
the fungus. Mycorrhizae increase the solubility of natural soil phosphates as
well as the added phosphates that are present in fertilizers.

Humans and Phosphorus

Human activity can also add phosphorus to ecosystems. Farmers add
commercially prepared fertilizers made with phosphorus as well as nitrogen
and potassium to their fields. Animal manure, containing phosphorus, is Figure 4 Symbiotic fungi living In the
also applied to enrich the soil. Qutflows from human sewage treatment roots of most plants enhance the
plants and industrial processes also add phosphates to water sources. uptake of phosphates by the plants.

NEL 4.5 The Phosphorus Cycle




in living things.

"iiC;H_ECK YOUR Understandl;;:g
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1. Name three places where phosphorus is found

2. What is the original source of all phosphorus?

3. Explain the role of weathering and the rock

cycle in making phosphorus available for living

organisms.

4. Describe the form of phosphorus that plants

can absorb.

5. Which of the following describes how
phosphorus is made available to producers?

A. weathering releases phosphorus from rocks

B. lightning fixes phosphorus in the
atmosphere

C. respiration releases phosphorus into the

atmosphere

D. photosynthesis releases phosphorus into the

atmosphere

6. How do consumers acquire their phosphorus?

7. Explain the short phosphorus cycle and the long

phosphorus cycle.

8. Which of the following are true for phosphorus?

| | dissolved in water

Il | presentin the atmosphere
]

stored in sediments

[ 'and IT only

I and III only
II and III only
I, II, and III

=EeBol
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Draw a simple diagram of the phosphorus cycle
using the following terms: weathering,
decomposers, ocean sediments, geological uplift.

How is the phosphorus cycle different from the
carbon, oxygen, and nitrogen cycles?

A. phosphorus has no atmospheric form

B. phosphorus does not dissolve in water

C. phosphorus does not form compounds

D. phosphorus only forms solid compounds

Explain the symbiotic relationship of
mycorrhizae with plants.

Phosphorus is sometimes called a limiting
nutrient because without it, plants cannot grow
properly. Explain how there could be a shortage
of phosphorus in some soils.

Animal manure is often spread over agricultural
fields before planting. Explain how this
enhances crop growth.

The rate of phosphorus cycling is linked to the
rate of decomposition. Explain this statement.

Which of the following processes would cause a

decrease in phosphate levels of soil?

A. decomposition of animal waste

B. leaching of phosphate into soil

C. formation of deep ocean sediments

D. uptake of phosphates by terrestrial
organisms

Which of the following processes would cause
an increase in phosphate levels of soil?

A. runoff and leaching

B. mining of phosphates in soil

C. growth of terrestrial vegetation

D. application of fertilizer to farmland

NEL




Effects of Nitrogen on Algal
Growth

In the spring, runoff from melting snow that
reaches lakes can contain nitrogen fertilizers from
farms.

Question
How does fertilizer in aquatic ecosystems affect the
growth of algae?

Hypothesis
Write a hypothesis that explains the effects of
fertilizer on algal growth.

Prediction
Make a prediction about how nitrogen will affect the
growth of algae.

Experimental Design

You will design and build two identical aquatic
ecosystems. You will design an experiment to test the
effects of fertilizers on algal growth.

Materials

 balance e ring stand

e various containers » beakers

+ pond water o fertilizer sample

o filters o other materials you
« Tirinsls feel necessary

Ve

0 Fertilizers are toxic. Your teacher will give you specific

information about the fertilizers that you are using.
Clean any spills, especially on skin or clothing, with
water. Wash your hands after the activity.

Procedure

1. With a partner, design and draw your
ecosystems and have them approved by your
teacher.

. Build your ecosystems.

o Investigation «

O Questioning

@ Evaluating

@ Hypothesizing ® Recording @ Synthesizing
@ Predicting @ Analyzing @® Communicating
@ Planning

3. Design your experiment and have it
approved by your teacher.

4. Design a data table to record your results.
Observe, and record your observations each day
for one week.

Conclusion
Complete the following items to answer the question
posed at the beginning of the investigation.

Analysis

(a) Which ecosystem had the most algal growth?
How did you determine this?

(b) What did you observe in the ecosystem with the
most algal growth?

(c) Was your prediction correct? Explain.
(d) Do your results support your hypothesis?

(e) Examine the original container that the fertilizer
came in. Explain what the numbers stand for.

(f) List some of the molecules in plants that
contain the chemicals in the fertilizer.

Evaluation

(g) Describe possible sources of error in your
investigation.

(h) How could you improve the procedures for this
investigation?

(i) List the factors that affected the growth of the
algae.

(j) Name the nutrients you tested.

Synthesis
(k) Explain any differences in the algal growth.

() What effects could increased algal growth have
on aquatic ecosystems?

Chapter 4

Investigation




CHAPTER

« Review e«

4

Nature's Recycling Programs

Key Ideas

Matter is classified as organic or inorganic.

e There is a finite amount of matter on Earth.

 Organic matter always contains the elements carbon and hydrogen,
although other elements may also be present.

* Inorganic matter does not contain both carbon and hydrogen.

glucose, CsH,,0¢

Table 1

nucleic acid
(DNA)

A 4

water, H,0

Some Common Organic and Inorganic Compounds

v
Na =1
Cl/==

sodium chloride, NaCl

Organic compounds

Inorganic compounds

carbohydrates

proteins

nucleic acids (e.g., DNA)
lipids

water
salts
ammonia
oxides

102
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Vocabulary
organic, p. 83

inorganic, p. 83
photosynthesis, p. 83
cellular respiration, p. 83
carbon reservoir, p. 86
carbon sink, p. 86

fossil fuel, p. 86

carbon source, p. 86
carbon cycle, p. 86
greenhouse gases, p. 83
greenhouse effect, p. 88
oxygen cycle, p. 90
aerobic respiration, p. 90
anaerobic respiration, p. 90
fermentation, p. 90
nitrogen cycle, p. 92
nitrogen fixation, p. 92
legume, p. 92

nitrate, p. 93
nitrification, p. 93
denitrification, p. 94
phosphorus cycle, p. 98
phosphate ion, p. 98

mycorrhizae, p. 99




Nutrients cycle between biotic and abiotic components of
ecosystems.

« All organisms contain the nutrients carbon, oxygen, nitrogen, and
phosphorus.

o The carbon cycle and the oxygen cycle are connected through the
processes of photosynthesis and cellular respiration.

o The nitrogen cycle moves from nitrogen fixation to nitrification to
denitrification.

« Phosphorus does not have an atmospheric form. The phosphorus cycle
begins with phosphorus released from rocks.

Chapter 4 Review




Many of these questions are in the style of the Science 10 Provincial Exam.
The following icons indicate an exam-style question and its cognitive level.

Ed knowledge [ understanding and Application [E[G}Higher Mental Processes

Review Key Ideas and Vocabulary

a1

Which of the following groups include only
organic compounds?

A. CH, CO,,NH,, H,0

B. €O, H,0,C,H,0,, CH.O,

C. C0,,CH,,0,C,H,0,,CH,

D. CH,,0, CH, C;H;0,, CH, 0,
Draw a two-column table and classify these
substances as organic or inorganic.

(a) sugar

(b) water

(c) gasoline

(d) ammonia

(e) carbon dioxide

(f) protein

List the reactants of photosynthesis.

4. List the reactants of cellular respiration.

For each of the following nutrients, list two
compounds or polyatomic ions where each is
found:

(a) carbon

(b) oxygen

(c) nitrogen

(d) phosphorus

What are fossil fuels? Explain how they are
formed.

7. Explain how carbonates form in the ocean.

8. How do oceans act as carbon reservoirs?

9. Describe the role that bacteria play in the

10.

11.

12.
13.

nitrogen cycle.

Explain how lightning can make nitrogen
available to organisms.

Describe how the phosphorus cycle is different
from the carbon, oxygen, and nitrogen cycles.

What is the main source of phosphorus?

Explain how the phosphorus in animals re-
enters the phosphorus cycle.

Unit A Sustainability of Ecosystems

14,

Which of the following contain phosphorus?

| | Carbohydrates

i § ATP

il | Cell membranes

A. Tonly

B. TandII only
C. IIand III only
D. L 1I, and III

Use What You've Learned

m1s.

16.

17

18.

019.

20.

Which of the following processes and events

may release carbon into the atmosphere?

A. photosynthesis, cellular respiration, nitrogen
fixing

B. volcanic eruptions, cellular respiration,
forest fires

C. nitrification, burning of fossil fuels,
greenhouse effect

D. forest fires, photosynthesis, decomposition
of dead organisms

How are digestion and decomposition similar?
How are they different?

Forests are often described as carbon sinks or
reservoirs. Explain what this means.

Explain the importance of decomposers in the
carbon and oxygen cycles.

Which of the following groups of molecules all

contain nitrogen?

A. carbohydrates, carbonates, nitrates, gasoline

B. proteins, enzymes, hormones, carbohydrates

C. nucleic acids, proteins, ammonia, amino
acids

D. nucleic acids, amino acids, carbohydrates,
carbon dioxide

Space probes sent to the Moon and Mars
collected soil samples that were examined for
organic compounds. Why would scientists want
to know if organic substances were present in
these soil samples?

NEL




21. Fertilizers contain nitrates and phosphates that
are both necessary for plant growth. Explain
how the application of fertilizers can cause
environmental problems.

Think Critically

22. Three different ecosystems—tropical rainforest,
temperate rain forest, and grassland—were
analyzed for their nitrate levels during the same
month. The amount of nitrates in the top layer
of each soil were determined. Using the same
method, the masses of nitrates in living things
(biomass nitrates) in each study area were also
calculated. Table 1 shows the results for each
ecosystem identified by a number.

24, Table 2 shows the mass of carbon that moves

through the biosphere per year.

Table 1
Study Soil Biomass Soil
area nitrates | nitrates (kg/ha) | temperature
1 30 90 s
2 10 78 19
3 2 270 30
tundra ? 7 ?

(a) Identify each numbered ecosystem as
tropical rainforest, temperate rainforest, or
grassland. Give reasons to support your
answers.

(b) In which ecosystem does nitrogen cycle
most rapidly?

(c) Predict what data might be collected from a
tundra ecosystem. Explain your prediction.

23. Earthworms are important soil invertebrates
that help decomposition and improve soil
quality. Ploughing fields actually reduces the
population of earthworms. Use the Internet to
research the role of earthworms.

Ps www.science.nelson.com @

NEL

Table 2
Mass of carbon

Carbon movement per year (10'3 kg)
From atmosphere to oceans 107

To atmosphere from oceans 105

To atmosphere from fossil fuel burning 5

From atmosphere to plants 120

To atmosphere from net burning of plants 2

To oceans from runoff 0.4

To atmosphere from soil 60

To atmosphere from plants 60

(a) Draw a bar graph showing the factors that
increase and decrease the levels of CO, in
the atmosphere.

(b) Calculate the amount of carbon entering
the atmosphere as CO, each year, and the
amount of carbon leaving the atmosphere.
Is the amount of atmospheric CO, increasing
or decreasing?

(¢) How much carbon is contributed to the
atmosphere by burning forests? What other
factor would be affected by burning trees?

(d) Make a list of actions that would reduce the
flow of carbon dioxide into the atmosphere.
How would these affect your life? Which
actions are possible in your lifetime?

Reflect On Your Learning

25,

26.

~
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Matter cycles endlessly through biotic and
abiotic states. Think about an ecosystem close
to you. Describe what it would look like in ten
years if matter did not cycle?

In your own words, describe the role of
photosynthesis and cellular respiration in the
cycling of matter. Why do you think these
processes are often described as the most
important processes on Earth?

Visit the Quiz Centre ate ]
®

www.science.nelson.com @

Chapter 4 Review




Chapter Preview

As you learned in Chapter 2, natural ecosystems maintain
a dynamic equilibrium. Gradually, over time, changes in
both the biotic and abiotic factors occur. Natural
ecosystems are places that haven't been planned or
maintained by humans, although humans may live in
them. How do natural ecosystems stay healthy? Where
do all of the necessary nutrients come from? Mature
natural ecosystems, such as the temperate rain forest on
Vancouver Island, are self-sustaining and require little
additional materials from year to year. The size and
number of the various populations in these ecosystems
is kept in check by interactions like predation and
competition.

Sometimes disastrous events occur, such as the forest
fire shown here, What impact does this have on the
organisms living there? What effect will this have on
nutrient cycling? Some catastrophic events, such as this
fire, can be influenced or even caused by humans. Natural
events such as volcanic eruptions and earthquakes can
also destroy ecosystems. In this chapter, you will explore
the impacts of both natural and human events on
ecosystems.

TRY THIS: Extreme Events

Skilis Focus: questioning, recording, communicating

In this activity, you will describe the characteristics of natural
disasters in an acrostic poem. An acrostic is a word poem made of
single fetters, each letter taken from another word. For example,

Flames burning

Into the sky

Red and orange
Erasing the darkness

Materials: coloured felt markers or pencils, pen and paper

._--_.._angmg the Balance i
i sEcosystems ¥ s k-

KEY IDEAS

Natural phenomena impact
the equilibrium in ecosystems.

Pollutants affect the growth and
survival of organisms.

Human activities affect ecosystems.

. In your group or class, generate a list of natural disasters that

might impact ecosystems. Choose one disaster to focus on.

. Assign a group recorder and brainstorm a list of the

characteristics of your disaster. Include possible impacts on
ecosystems in your list.

. Expand each characteristic so that the first letter of the phrase

is one of the letters of your disaster.

. Use the paper provided to make your acrostic poem. Include

graphics.

This material has been created under the Canadian
Copyright Act (CCA) Section 32(1) for individuals with
perceptual disabilities. Further distribution or reproduction

of this material must comply with this act. All rights

Brltlsh COIUmbia reserved. For more information see www.arc-bc.org.
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Natural Phenomena and
Ecosystems

Natural events, such as volcanic eruptions or earthquakes, are part of the
dynamic quality of Earth and its ecosystems. These phenomena range in
their impact on the environment. From mild earthquakes that affect few
organisms to disastrous tsunamis that wipe out entire islands, healthy
ecosystems will respond by adapting. Recovery may be immediate, occurring
in a single growing cycle, or it may take decades or centuries for ecosystems
to go through the stages of succession. Over time, natural succession may
create similar ecosystems to those before the event, but not necessarily. The
volcanic eruption of Mount St. Helens in Washington State in 1980 wiped
out the surrounding ecosystems, destroying the living and changing the
non-living (Figure 1).

(a) (b)

Figure 1 (a) The May 18, 1980 eruption of Mount St. Helens caused debris flows that filled in river valleys
and (b) created new lakes like Castle Lake.

Natural events are often described by their impact on humans since any
damage they cause can be expressed in monetary terms. Property must be
repaired or replaced. Economic loss due to forest fires or pine beetle
infestations in B.C. is often significant in the affected communities. But,
what about the impact on natural environments and the organisms living
there? The immediate loss of life in natural populations is apparent, but
these events also have positive ecological benefits when the ecosystems
regencrate.

LEARNING TIP »

Preview Chapter 5 to note the
headings, diagrams, tables,
photographs, and words in bold.
Based on your preview, make a
prediction about what you expect to
learn in this chapter.

NEL 5.1 Natural Phenomena and Ecosystems




You can test your tsunami
knowledge by going to
° www.science.nelson.com @

Figure 2 The town of Banda Aceh on
the island of Sumatra, Indonesia, was
literally wiped out by the December 26,
2004 tsunami. {a) Before the tsunami,
and (b) after.

LEARNING TIP «
When you read critically you read to
identify the writer's most important
paints, to recognize how they fit
together, and to note your response to
them. What are the important points
in this section? What questions do you

still have?

Figure 3 Mountain pine beetle
infested forests are easy to identify from
the air. How can you tell which photo,
(a) or (b), contains infected trees?

Loss of human life may be a consequence of natural events and cannot be
described only in economic terms. The December 26, 2004 Indian Ocean
tsunami, a large ocean wave generated by an earthquake beneath the ocean
floor, resulted in approximately 230 000 human deaths in a single day

(Figure 2)! @

(b)

Weather-Related Phenomena

One of the serious natural disasters caused by changing climate in B.C. is the
mountain pine beetle infestation. Historically, pine beetles only survived on
older or weaker lodgepole pine trees. Adult pine beetles prefer large-
diameter pine trees that are usually over 80 years old. However, the bark of
these larger trees produces large amounts of resin that can kill the adult
beetles. The population of pine beetles was kept in check as many larvae
were killed off during the sustained colder winters.

Recent winters in central B.C. have been milder. This has allowed the
larvae to survive inside the bark and digest the sapwood. Sapwood is
the younger wood just inside the bark where most of the tree’s nutrients are
transported. The trees eventually die, leaving the forest with a red hue
(Figure 3). The adult beetles can also introduce a fungus that colonizes the
sapwood of the tree, obstructing water movement and preventing the tree’s

(@) (b)

Unit A Sustainability of Ecosystems NEL




natural response of producing more resin. This parasitic fungus is called

“bluestain” because of the blue colour that results in the damaged lumber.
The most recent outbreak is the largest ever recorded in B.C., and the effects

are spreading quickly, even beyond the borders into Alberta. @)

The death of countless lodgepole pine trees affects many other organisms
in the ecosystem. Populations that rely on healthy forests for survival either

To learn more about the

mountain pine beetie
infestation in B.C., follow the
links at

® www.science.nelson.com @

move, diminish in size, or adapt. As well, there may be a succession-like shift
in the natural variety of organisms as other wildlife moves in and takes

advantage of the changing ecosystem. For example, woodpeckers that have

adapted to eating the beetles below the bark are now more abundant.
Many other natural events are caused by extreme weather conditions. These

include floods, droughts, fires, tornadoes, hurricanes, and ice storms. Table 1

summarizes the causes and impacts of a variety of natural weather events.

Table 1 The Causes and Impacts of Natural Weather Events
Natural Possible impacts on ecosystems
event Cause Description positive (+) or negative (-)
Floods * heavy rains e unusually large amounts of water e habitat destroyed (-)
e melting of heavy snowpacks overflow the banks of rivers and e organisms drown or are washed away ()
* high tides and storms flood low-lying coastal areas e vegetation (food supply) damaged (-)
e floodplains rejuvenated (+)
e groundwater supplies replenished (+)
Droughts * high temperatures and little | e soil dries and becomes hard packed | e habitat destroyed (-)
rainfall over several seasons | e water sources dry up * vegetation dies (-)
e plants lose more water to » mobile organisms leave (-)
evaporation * survivors are better adapted for adverse
conditions (+)
Fires * lightning strikes due to * large stands of forests or grassland * habitat lost ()
storms are burned » food sources destroyed (-)
e dry conditions * mobile organisms leave or die (=)
* pests killed (=) (+)
» allows for germination of certain plants
such as pine (+)
Tornadoes * high winds and low pressure | ® swirling funnel cloud that acts like a | ® tears up soil, vegetation, and organisms
vacuum cleaner when it touches the in its path (-)
ground
Hurricanes * low pressure area with rising | ® heavy rain, high winds over the land | e habitat lost due to vegetation damaged
warm air over tropical by high winds and flooding (-)
oceans
Blizzards * winter storms with high * lots of snow with drifts and ice * habitats and food covered up (-)
winds and cold temperatures forming e organisms freeze or starve to death (-)
Infestations | ® warmer than normal winters | e overpopulation of pest species * animal species continue to digest host

longer summers
fire suppression

 some pests survive winter and
continue to increase the population

plants (-)

® micro-organisms continue growing on
host causing damage (-)

e destroys old and weaker individuals (+)

NEL
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Geological Events

Some natural phenomena are the result of geological activity in Earth’s crust
and below the surface. The eruption of Mount St. Helens and the Indian

Ocean tsunami pictured earlier are two examples. Although both caused loss

To view the various stages of
Mount St. Helens before and
immediately after the eruption,
as well as more recently, go to
www.science.nelson.com

Figure 4 The new soil created by the
addition of ash from the eruption of
Mount St. Helens provides nutrients for
new plant species to take root. How did
these plants get here?

TRY THIS: Modelling a Tsunami

Skills Focus: predicting, observing

In this activity, you will build a model of a tsunami.

Materials: a small plate, a rectangular pan, an 18 cm long small
wooden dowel (or an unsharpened pencil, or chopstick), paper,
masking tape, permanent marker

1. Cut a small piece of paper the width and height of the pan, so
that the paper will fit on the inside edge (side) of the pan.
Draw a landscape or a small town in the middle of the paper.
Tape the paper securely to the inside edge of the pan.

2. Place the plate in the pan, upside down with one edge
touching the opposite end of the pan from the paper. Tape the
touching edge of the plate to the bottom of the pan. Make
sure the other edge of the plate, which will be near the
middle of the pan, is able to move up and down freely.

Unit A Sustainability of Ecosystems

of human life and devastating environmental impact, they are both natural
occurrences that are part of a dynamic Earth. Organisms were destroyed but
new ecosystems are returning as the damaged areas go through the stages of
succession (Figure 4). @

. Tape the end of the dowel to the free edge of the plate so the
dowel acts like a handle.

. Fill the pan about halfway with water, so that the water is at

the bottom edge of the landscape or town in your drawing.

. Use the dowel to lift and lower the plate several times to

create the tsunami.

. Predict what will happen to the water and to your landscape.

. What happens to the water level when you lift and lower the

plate?

. Predict what would happen to the wave if the water at the

town end of the pan were shallower than the water where
the wave was formed. If a deep water tank is available, test
your prediction.

NEL




Earthquakes are another geological process that can have devastating

effects on ecosystems. The displacement of the ground damages habitats

and causes loss of life. Secondary effects such as landslides, flooding, and
liquefaction also change ecosystems. Liquefaction occurs when the shaking
causes saturated soil particles to behave like a liquid. Solid structures and
vegetation sink.

To find out about the
earthquakes near your
home, go to
www.science.nelson.com Q

Earthquakes that happen on Earth’s crust under the ocean can produce
tsunamis. Most of the damage occurs in coastal areas where the huge waves,
generated when the moving water hits shallows, causing severe flooding.
These geological processes are part of the natural recycling of Earth’s
nutrients. Table 2 describes common natural geological events.

Table 2 Impacts of Natural Geological Events
Natural Possible impacts on ecosystems
event Cause Description positive (+) or negative (-)
Volcanic e movement below Earth’s * release of rocks, lava, soot, ¢ habitat destroyed (=)
eruptions crust causing molten rock to mineral ash, and gases * vegetation covered by volcanic material, debris,
0oze or erupt above surface and mudslides (-)
* ash can remain in the atmosphere affecting
weather (-)
¢ mobile organisms leave (-)
e ash deposits and weathering of lava deposits
can yield new soils (+)
» new lakes created (+)
Earthquakes | ® movement of rock masses e severe shaking of crust e habitat destroyed (-)
on Earth’s continental crust results in landslides, * organisms covered by landslides ()
liquefaction, and fissures » vegetation (food supply) damaged (-)
» populations of species separated and isolated
)+
Tsunamis ¢ movement of rock masses giant ocean waves that ¢ massive destruction and flooding to coastal
on the ocean floor caused by travel up to 800 km/h; when areas (-)
earthquakes, volcanic in shallow water close to o wildlife destroyed or washed away (-)
eruptions, and landslides shore, they can be as high e sediment is carried inland by the high water
as30m providing new components for sil (+)(-)
Landslides ¢ movement of rock masses sudden downward e habitat destroyed and wildlife killed (-)
on Earth’s continental crust movement of masses of rock | e soil, vegetation, and organisms torn up in its
causing soil and rock to and soil and vegetation path ()
loosen o water sources filled (+)
Avalanches e movement of rock and snow rapid movement of snow, e habitat destroyed and wildlife killed or swept
masses on Earth's ice, and rock down a away (-)
continental crust mountainside

NEL
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(CHECK YOUR Understanding

1. Name the two main categories of natural events.

2. For each of the following natural disasters, give
one cause and one detrimental impact on
ecosystems:

(a) flood
(b) fire
(¢) hurricane

3. For each of the following natural disasters, give
one beneficial impact on ecosystems:
(a) drought
(b) tsunamis
(c) infestations

4. Which of the following describes a tornado?

|| swirling funnel cloud

(I | high winds

1| heavy rain

A. Ionly

B. TandII only
C. II and III only
D. 1,11, and III

5. What factors have caused the mountain pine
beetle (Figure 5) to have a devastating impact
on B.C. forests over the last five years?

Figure 5

Unit A Sustainability of Ecosystems

6.

10.

1h1e

12

13.
14.

15.

16.

Which stage in the life cycle of the mountain
pine beetle causes the most harm to pine trees?
Explain your answer.

Some geological events can lead to the
proliferation of species. Identify one event and
explain how the proliferation can occur.

How are landslides and avalanches similar and
how are they different?

Explain why areas around volcanoes are
sometimes called “succession laboratories.”

How can volcanic eruptions improve the
makeup of soil?

(a) What is a tsunami?
(b) Where does a tsunami originate?

Suggest why natural disasters are often
described by their impact on humans and not
on the ecosystem damage that results.

Explain how forest fires can lead to succession.

Snowstorms are common natural events that
cause many problems for people in B.C. Refer to
Table 1 on page 109 and create a row for
snowstorms. Complete the row by adding at
least one positive and one negative possible
impact on ecosystems.

Refer to Table 2 on page 111 and examine the
column of the possible impacts on ecosystems,
both positive and negative. Choose two possible
negative impacts, and describe a situation where
they could be positive. Choose two possible
positive impacts, and describe a situation where
they could be negative.

Geological events often cause habitat loss.
Choose a geological event and an animal, and
speculate on how the animal might survive the
event.

NEL




Pollutants in Ecosystems

Healthy natural ecosystems exist in a dynamic equilibrium. The abiotic and
biotic components are kept in balance by the complex interactions in the
ecosystem. This balance is seen in the cycling of nutrients when organisms
die and decomposers make their components available to other organisms.
As you learned in Chapter 2, biodegradation by living organisms such as
bacteria reduces waste materials, converting them into useful substances for
other organisms. Another example of balance in ecosystems is the cycling of
carbon you learned about in Chapter 4, where carbon dioxide, which is a
waste product of cellular respiration in most organisms, becomes a vital
reactant for photosynthesis in producers (Figure 1).

Figure 1 The waste of one organism becomes a necessary reactant for another.

Certain natural events, such as volcanic eruptions, can disrupt the balance
in ecosystems by introducing pollutants such as ash and sulfur dioxide into
the atmosphere. These cannot be recycled immediately and are harmful to
living things in the short term. Pollutants are substances introduced into air,
water, soil, or food in concentrations that threaten the health or survival of
organisms. They can affect natural population growth by destroying habitat
and food sources or by killing organisms. Many pollutants are not natural,
but are a result of human technology.

Pollutants are often classified according to the part of the environment
that they affect. Air pollution is composed of gases and suspended materials
that are added to the atmosphere. Water pollution includes substances that
ultimately end up in fresh and salt water. Land pollutants contaminate the
soil. However, due to the cycling of matter, pollutants often move between
the air, water, and land.

LEARNING TIP «—

Check your understanding. Look at the
bolded words in this section. Take
turns explaining them to a partner. Try
to use your own words.

NEL 5.2 Pollutants in Ecosystems




Table 1  Common Air Pollutants

Air Pollutants

Recall from Chapter 4 that atmospheric air is composed of mostly nitrogen
gas (78 %) and oxygen gas (21 %) with trace amounts of other gases
including carbon dioxide and water vapour. Pollutants in air that can occur
naturally include pollen, spores, and volcanic materials. Most air pollutants,
however, are the result of human activities. Table 1 describes some common
air pollutants.

Pollutant Description Source Impact on ecosystems
Volatile Organic | ® compounds of hydrogen e unburned fuels of internal | ® combines with other air pollutants to form smog
Compounds and carbon {e.g., gasoline, combustion engine and ground-level ozone
(VOCs) propane) vehicles (cars, buses, etc.)
Carbon * poisonous, odourless, e incomplete combustion of | e interferes with respiration
monoxide colourless gas hydrocarbons (fuels) e causes death in high concentrations
e forms ozone

Sulfur dioxide e colourless gas, odour like * volcanic eruptions e forms acid rain

burnt matches e burning of coal and oil o dissolves in water and soil

& copper smelting ¢ interferes with plant growth
Nitrogen e colourless to brown gas e burning of fossil fuels e reacts in air to form acid rain and ozone
monoxide and ¢ NO — sweet odour e industrial processes ® causes brown haze in cities
dioxide * NO, - harsh odour (welding, electroplating) ® causes corrosion of metals
e contributes to nutrient overload (acts as fertilizer)
Ground-level e colourless gas  produced by a chemical e interferes with plant growth
ozone reaction with NOs, VOCs, ¢ component of smog
and sunlight e causes respiratory problems in animals
Particulate e tiny (~ 2.5 pm) liquid or e dust, soot, smoke, fuel e reduces visibility
matter solid particles in air droplets, tar, pesticides, * causes respiratory problems in animals
asbestos
STUDY TIP « One important consequence of air pollution is the formation of acid

When making notes from your
textbook, be alert to the key ideas and
note only what you need to prompt
your memory. Keep your notes in order
and in one place, preferably a three-
ring binder.

precipitation, commonly called acid rain. The air-borne pollutants,
particularly sulfur dioxide and nitrogen monoxide, react with water vapour
in the atmosphere forming acidic compounds, and return to Earth in the
form of rain, sleet, hail, snow, and even fog. The consequences of acid
precipitation are often seen far away from the source because once airborne,
these pollutants travel with the prevailing winds before falling as
precipitation.

Organisms within ecosystems are adapted to survive within a certain
pH range, or range of acidity. The pH scale represents the concentration of
hydrogen ions in solutions. Water has a pH of 7. A lower than 7 pH value is
acidic and a higher than 7 pH is basic. You will learn more about the pH
scale in Chapter 8. Although all organisms exposed to acid precipitation are
affected, aquatic organisms are more susceptible to changes in the acidity of
their environments. In fact, in the spring, when acidic snow melts and flows

Unit A Sustainability of Ecosystems NEL




into lakes, entire populations of fish can be killed. The water in acidic lakes .
) - : Did You
is crystal clear due to the absence of most of the organisms that previously iR

lived there. In terrestrial ecosystems, acid precipitation can damage leaves —®
directly, and leave the damaged tissue more susceptible to fungal or bacterial Naturally Acid Rain
infections (Figure 2). Acid precipitation affects soils as well. Limestone in Unpolluted rainwater has a pH of
many B.C. mountains is dissolved in rivers, and because it is basic, it helps to between 5.5 and 6.0. It is acidic
neutralize the effects of the acid precipitation. In places where this does not because some of the carbon dioxide
happen naturally, a basic substance such as lime is sometimes added to b d'SSOW.Ed' o i i
PP . .Y’. . 3 7 below pH 5.5 is considered to be acid

neutralize an acidic lake and allow regrowth (Figure 3). Technologies exist to precipitation.
reduce the amount of nitrogen and sulfur oxides released from factories as
acid emissions, but they tend to be expensive. Regulations exist in Canada
that somewhat control the emissions, but many other industrial countries do
not have the same environmental standards.
Figure 2 These trees have been killed by Figure 3 Helicopters can add a basic substance,
acid rain. such as lime, to a dying lake.

TRY THIS: How Acidic is Your Precipitation?

Skills Focus: conducting, observing, recording, concluding, communicating

In this activity, you will determine the acidity of different samples Table 2

of precipitation and compare them to other water samples. Source of water sample pH L ATl

Materials: pH meter, pH paper, collecting jars, distilled water, tap
water

Tap water

Distilled water

1. Before beginning this activity, set out collecting jars around
your neighbourhood to collect a variety of precipitation
samples from different areas and different times. Label the jars
following your teacher’s instructions.

Sample A
P W W W N N W e W e e

A. What was the highest pH you observed? The lowest pH?

. T
2, Using the method provided by your teacher, determine the pH i e

of your school's tap water, the distilled water, and your C. Explain the differences among the precipitation samples.
collected precipitation samples. D. What pH would you expect if you were to collect a sample
3. Copy Table 2 and record your results. outside a mill or industrial site?
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Water Pollution

Pollutants in the air can also end up in water, such as acid precipitation.
Pollutants also enter water sources through runoft from land, or when
substances are added directly to the water, such as oil spills and sewage.
Water pollutants can generally be classified into five categories as shown in

Table 3.
Table 3  Types of Water Pollution
Pollutant Description Source Impact on ecosystems
Organic solid waste | e sewage and food e humans and other animals e depletes oxygen as matter decomposes
waste » food processing
Dissolved and liquid | ® oil and other e motor vehicles ® oil coats birds and covers surfaces preventing
organic compounds petroleum products * oil exploration and sun from penetrating
® pesticides transportation * toxic to aquatic organisms
e detergents ® agriculture e some pollutants accumulate in the food chain
e dioxins ¢ household and industrial ¢ phosphates promote algae growth resulting in
waste oxygen depletion

e paper bleaching

Disease-causing * micro-organisms such | e human and other animal » outbreaks of disease in animals that drink water
organisms as bacteria and waste
protists
Inorganic solids and | e heavy metals ¢ mining, industry, agriculture, | e immediately toxic
dissolved elements road runoff e can accumulate in the food chain
Thermal energy e hot water added to * electrical generating e decreases solubility of oxygen in water
natural water stations, industry
id As the number of organisms in an ecosystem increases, the demand for
Did You ‘) oxygen also increases. Therefore, the more organisms there are present, the
P lower the levels of dissolved oxygen. This can occur when sewage is

discharged into the ocean as is done in Victoria, B.C., Halifax, N.S., and

The types and amounts of aquatic life St. John’s, N.L. (Figure 4). The additional nutrients provided by the sewage
can be used as indicators of water promote the growth of aquatic plants. It might seem odd that this can have
quality and pollution. The presence of
healthy trout in a lake indicates high
levels of dissolved oxygen, whereas
an abundance of carp and catfish
indicate lower oxygen levels.

Indicators of Pollution

Figure 4 This sewage contains waste
and nutrients that promote the growth
of algae and bacteria and deplete the

dissolved oxygen.
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a negative effect; however, recall from Chapter 4 that the plants eventually
die and populations of bacteria increase to decompose the waste. Since
bacteria need oxygen, the amount of dissolved oxygen available to other
aquatic organisms is reduced. Fish and plants may die from lack of oxygen,
adding more waste to the ecosystem. More bacteria grow and less oxygen is
available. So, when organic matter is added to aquatic ecosystems, levels of
oxygen are ultimately reduced. @—- Investigation

Land Pollution

Most of the technologies used to provide humans with the needs and

wants of life produce waste that often ends up in the land. For example, the
packaging on most of the products we use every day ends up as solid waste
that cannot be broken down. It is thrown out, creating giant piles of garbage
in landfills. Table 4 describes three types of land pollution.

Human communities are constantly dealing with removing and reducing
land pollution. Regulations exist that control what can and cannot be
dumped, but waste is still disposed of illegally almost everywhere, including
parks, forests, and waterways. Much of this waste can be reused or recycled.
Recycling programs exist in most cities for many household wastes such as
paper, metal, plastic, and glass. Special disposal sites are provided for
hazardous wastes. There is often an enormous cost to recover waste after it
has been created. The first priority should be consuming less, followed by
reusing waste (such as refilling glass bottles), and finally, recycling, if the first
two are already in place. Waste reduction programs should include these
three R’s—Reduce, Reuse, and Recycle. The success of these programs in
reducing land pollution depends on participation by everyone. @)

@—o Investigation

Oxygen Demand and Organic
Pollutants

To perform this investigation, turn to
page 134.

In this investigation, you will examine
the amount of dissolved oxygen
needed by aquatic organisms.

Did You ‘)

——9

Pollution Sources

Pollution can also be classified as
either point or non-point. Point
source pollution comes from a single
source such as a factory, a sewage
treatment plant, or an oil spill. Non-
point source pollution comes from a
variety of sources such as roads,
lawns, and farms, and ends up in
waterways after it rains. Point source
pollution is easier to regulate because
the source of the pollution is known.

To learn ways to reduce waste,
go to
www.science.nelson.com @

2
Table 4 Types of Land Pollution
Pollutant Description Sources Impact on ecosystems
Hazardous ® toxic organic chemicals o fire retardant ® causes reproductive problems in animals
wastes (PBDEs — polybrominated o electrical transformers ® Causes cancer in animals
diphenyl ethers, PCBs — e hydraulic systems e stunts plant growth
polychlorinated biphenyls) ® pest control * accumulates in top consumers
e pest control chemicals » coal or copper mining
(diazinon, DDT)
* heavy metals (mercury, lead)
Radioactive e radioactive chemicals » used fuel rods in nuclear e stored underground
wastes energy plants e seeps into soil

medical radiation procedures | ® accumulates in consumers

Solid wastes * unwanted or discarded e household waste o |andfills take up space and cover land
materials * agricultural, commercial, and | e leaches out waste into surrounding soil or
¢ garbage/trash industrial waste waterways
e produces methane gas during
decomposition

» pollutes air (burning waste)
» attracts wild animals
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1. Give an example of a resource that can also be
waste.

2. Explain the meaning of biodegradation as it
applies to pollutants.

3. Explain how natural events can cause pollution.

4. Name the three categories of pollution.

5. Which of the following pollutants results from
burning of fossil fuels?

| | carbon monoxide

I | sulfur dioxide

Il | volatile organic compounds

v | nitrogen monoxide

A. TandII only

B. II and III only
C. L 1I, and III only
D. LII I, and IV

6. What are volatile organic compounds and why
are they so harmful?

7. What is the source of ground-level ozone?
A. volcanic activity
B. burning fossil fuels
C. pesticide application
D. sunlight and nitrogen monoxide

8. Describe how acid precipitation forms.

9. Copy and complete Table 5 on water pollution.

Table 5

Pollutant name | Source Impact

Depletes oxygen

Disease-causing
organisms

Decreases
, solubility of oxygen

Unit A Sustainability of Ecosystems

:E'HEClz YOUR Undérstanding

B T

10.

11.
12.

13.

14.

15.

Explain how adding more nutrients to water can
be detrimental.

List four hazardous wastes and their source. Try
to represent at least two categories of hazardous
wastes. Use a table to display your answers.

Describe the impacts of solid waste on
ecosystems.

Increased plant growth often leads to decreased
oxygen levels in aquatic ecosystems. Explain
how this can be true when plants produce more
oxygen than they can use.

Draw a flow chart to show how an increase in
nutrients can cause death to organisms.

Look at the landfill in Figure 5. Describe
possible impacts on the ecosystem, including
the birds shown.

Figure 5

16.

117/

Explain why it is often difficult to find the
source of air and water pollution.

Why should we be concerned with water and air
pollution that is happening on the other side of
the world to where we live?
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INTO THE DEEP: ASSESSING THE

HEALTH OF OUR OCEANS

Pollutants have a major impact far from their source, and can
cause damage in even the most remote locations on Earth.

A diver adjusts his mask and respirator
for safety and comfort before rocking
backwards from his perch on the side of
an inflatable zodiac hull. Equipped with
scuba tanks and cameras,
oceanographers open a window on a
world so unique and complex that it
really is the new frontier. It appears as
though Earth’s oceans are far more
sensitive than we had ever imagined.
Scientists are concerned about the
potential for climate change to threaten
this vast and inspiring ecosystem.

Modern oceanography has brought
about an understanding of the delicate
ecology of our oceans. From the strange
anglerfish (Figure 1) to elusive giant
squid, ocean exploration has revealed a
world more complex than the terrestrial
environment humans inhabit.

Today's oceanographers employ a
wide array of technology in their quest
to continue exploring life in the deep,
and also to prevent further degradation
and even restore the health of our
oceans. In British Columbia, the
University of Victoria operates real-time
underwater systems to reveal more of
the secrets of the ocean’s floor. One
system, called VENUS, is comprised of
many physical and chemical sensors
buried in the sediment of the floor and
on an elevator that rises through the
water column, collecting data at various
depths (Figure 2). Fibre-optic cables

relay the information to computers on
shore for analysis. VENUS is set up in
three locations on the sea floor: Saanich
Inlet, the Strait of Georgia, and the
Fraser Delta.

Another underwater observatory
called NEPTUNE (North-East Pacific
Time-series Undersea Networked
Experiments) combines data from
multiple sea floor laboratories called
nodes. On shore, scientists use
NEPTUNE to monitor sampling, video
cameras, and remote operated vehicles
(ROVs) as they investigate the effect of

events such as storms, plankton bloo
fish migrations, earthquakes, tsunamis,
and underwater volcanic eruptions.
Information and images gathered by
NEPTUNE flow instantly via the Internet
to shore stations in Port Alberni and
Victoria. It is hoped that data gained
from the modern tools of today's
oceanographers can be used to help
repair yesterday’s damage to our
precious oceans. To learn more about
these technologies, go to

& www.science.nelson.com @

Figure 1 The anglerfish is one of
the amazing creatures found deep
under the ocean.

Figure 2 The VENUS (Victoria Experimental Network Under the Sea) equipment can relay data
from the ocean floor to computers at the University of Victoria.



STUDY TIP «

Critical readers do three things as they
read. They set a purpose for their
reading, they annotate or make notes
on the most important ideas, and they
reread for clarification. What parts of
the text do you need to better
understand?

LEARNING TIP

Make connections. The prefix bio
means life or living, and the word
accumulation means the “process of
gathering.” Explain to a partner why
bioaccumulation is a good word to
describe the process.

Figure 1 The concentration of a
fat-soluble pesticide (P) increases as it
moves up the food chain. The pesticide
bioaccumulates in small concentrations
in the primary consumer (grasshopper),
biomagnifies (increases in
concentration) in the secondary
consumer {shrew), and continues to
biomagnify in the tertiary consumer
{owls). The greater the number of
trophic levels, the greater the
biomagnification.

Bioaccumulation and
Biomagnification
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