
Safety in Your Biology Laboratory

Scientifi c investigations are integrated throughout this 
textbook. Keep in mind at all times that working in a biology 
laboratory can involve some risks. Therefore, become 
familiar with all facets of laboratory safety, especially for 
performing investigations safely. To make the investigations 
and activities in Inquiry into Biology safe and enjoyable for 
you and others who share a common working environment:
• become familiar with and use the following safety rules 

and procedures,
• follow any special instructions from your teacher, and
• always read over the safety notes before beginning each 

lab activity. Your teacher will tell you about any 
additional safety rules that are in place at your school.

General Rules

 1. Inform your teacher if you have any allergies, medical 
conditions, or physical problems (including a hearing 
impairment) that could affect your work in the 
laboratory.

 2. Inform your teacher if you wear contact lenses. If 
possible, wear eyeglasses instead of contact lenses, 
but remember that eyeglasses are not a substitute for 
proper eye protection.

 3. Read through all of the steps in the investigation 
before beginning. Be sure to read and understand the 
Cautions and safety symbols at the beginning of each 
Investigation or Launch Lab.

 4. Listen carefully to any special instructions your teacher 
provides. Get your teacher’s approval before beginning 
any investigation that you have designed yourself.

 5. Never eat, drink, or taste any substances in the lab. 
Never pipette with your mouth. If you are asked to 
smell a substance, do not hold it directly under your 
nose. Keep the object at least 20 cm away, and waft the 
fumes toward your nostrils with your hand.

Safety Equipment and First Aid

 6. When you are directed to do so, wear safety goggles 
and protective equipment in the laboratory. Be sure 
you understand all safety labels on materials and 
pieces of equipment. Familiarize yourself with the 
safety symbols used in this textbook, and with the 
WHMIS symbols found on the following page.

 7. Know the location and proper use of the nearest fi re 
extinguisher, fi re blanket, fi re alarm, fi rst-aid kit, and 
eye-wash station (if available).

 8. Never use water to fi ght an electrical equipment fi re. 
Severe electrical shock may result. Use a carbon 
dioxide or dry chemical fi re extinguisher. Report any 
damaged equipment or frayed cords to your teacher.

 9. Cuts, scratches, or any other injuries in the laboratory 
should receive immediate medical attention, no matter 
how minor they seem. If any part of your body comes 
in contact with a potentially dangerous substance, 
wash the area immediately and thoroughly with water.

 10. If you get any material in your eyes, do not touch 
them. Wash your eyes immediately and continuously 
for 15 minutes, and make sure your teacher is 
informed. If you wear contact lenses, take your lenses 
out immediately if you get material in your eyes. 
Failing to do so may result in material being trapped 
behind the contact lenses. Flush your eyes 
continuously with water for 15 minutes, as above.

Lab Precautions

 11. Make sure your work area is clean, dry, and well-
organized.

 12. Wear heat-resistant safety gloves and any other safety 
equipment that your teacher or the Safety Precautions 
suggest, when heating any item. Be especially careful 
with a hot plate that may look as though it has cooled 
down. If you do receive a burn, apply cold water to the 
burned area immediately. Make sure your teacher is 
notifi ed.

 13. Make sure the work area, the area of the socket, and 
your hands are dry when touching electrical cords, 
plugs, sockets, or equipment such as hot plates and 
microscopes. Ensure the cords on your equipment are 
placed neatly where they will not be a tripping hazard. 
Turn OFF all electrical equipment before connecting 
to or disconnecting from a power supply. When 
unplugging electrical equipment, do not pull the 
cord—grasp the plug fi rmly at the socket and pull gently.

 14. When using a scalpel or knife, cut away from yourself 
and others. Always keep the pointed end of any sharp 
objects directed away from yourself and others when 
carrying such objects.

 15. When you are heating a test tube, always slant it so the 
mouth points away from you and others.

Safety for Animal Dissections

 16. Ensure your work area is well ventilated.
 17. Always wear appropriate protective equipment for 

your skin, clothing, and eyes. This will prevent 
preservatives from harming you in any way.

 18. If your scalpel blade breaks, do not replace it yourself. 
Your teacher will do this for you.

 19. Make sure you are familiar with the proper use of all 
dissecting equipment. Whenever possible, use a probe 
or your gloved fi ngers to explore a specimen. Scalpels 
are not appropriate for this. They can damage the 
structures you are examining.
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Laboratory Clean-up

 20. Wipe up all spills immediately, and always inform 
your teacher. Acid or base spills on clothing or skin 
should be diluted and rinsed with water. Small spills 
of acid solutions can be neutralized with sodium 
hydrogen carbonate (baking soda). Small spills of 
basic solutions can be neutralized with sodium 
hydrogen sulfate or citric acid.

 21. Never use your hands to pick up broken glass. Use a 
broom and dustpan. Dispose of broken glass and solid 
substances in the proper containers, as directed by 
your teacher.

 22. Dispose of all specimens, materials, chemicals, and 
other wastes as instructed by your teacher. Do not 
dispose of materials in a sink or drain unless directed 
to do so.

 23. Clean equipment before putting it away, according to 
your teacher’s instructions. Turn off the water and gas. 
Disconnect electrical devices. Wash your hands 
thoroughly after all laboratory investigations.

Working with Living Organisms

 24. When in the fi eld, be careful and observant at all times 
to avoid injury, such as tripping, being poked by branches, 
etc., or coming into contact with poisonous plants.

 25. On a fi eld trip, try not to disturb the area any more 
than is absolutely necessary. If you must move 
anything, do so carefully. If you are asked to remove 
plant material, do so gently. Take as little as possible.

 26. In the classroom, remember to treat living organisms 
with respect. Make sure all living organisms receive 
humane treatment while they are in your care. If it is 
possible, return living organisms to their natural 
environment when your work is done.

  NOTE: Some schools do not permit labs that involve 
bacteria. Your teacher will inform you of your school 
board’s policy in this regard.

 27. When working with micro-organisms, observe your 
results through the clear lid of the petri dish. Do not 
open the cover. Make sure that you do not touch your 
eyes, mouth, or any other part of your face during 
these investigations.

 28. When handling live bacterial cultures, always wear 
gloves and eye protection. Be careful not to spill the 
cultures. Wash your hands thoroughly with soap 
immediately after handling any bacterial culture.

 29. Carefully clean and disinfect your work area after 
handling bacterial cultures and other living organisms.

 30. Follow your teacher’s instructions about disposal of 
your swabs, petri dishes containing your cultures, and 
any other disposable materials used in the lab.

 31. Your teacher will autoclave cultures before discarding 
them, if an autoclave is available. If an autoclave is not 
available, the culture surface should be sprayed with a 
10% solution of chlorine bleach. (Your school may 
have other disposal techniques.)

Safety Symbols

Disposal Alert
This symbol appears when care must be taken to 
dispose of materials properly.

Biological Hazard
This symbol appears when there is danger 
involving bacteria, fungi, or protists.

Thermal Safety
This symbol appears as a reminder to be careful 
when handling hot objects.

Sharp Object Safety
This symbol appears when there is danger of cuts 
or punctures caused by the use of sharp objects.

Fume Safety
This symbol appears  when chemicals or chemical 
reactions could cause dangerous fumes.

Electrical Safety
This symbol appears as a reminder to be careful 
when using electrical equipment.

Skin Protection Safety
This symbol appears when the use of caustic 
chemicals might irritate the skin or when contact 
with micro-organisms might transmit infection.

Clothing Protection Safety
A lab apron should be worn when this symbol 
appears.

Fire Safety
This symbol appears as a reminder to be careful 
around open fl ames.

Eye Safety
This symbol appears when there is danger to the 
eyes and safety glasses should be worn.

Poison Safety
This symbol appears when poisonous substances 
are used.

Chemical Safety
This symbol appears when chemicals could cause 
burns or are poisonous if absorbed through the 
skin.

Animal Safety
This symbol appears when live animals are studied 
and the safety of the animals and the students must 
be ensured.
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WHMIS Symbols for Hazardous Materials

Compressed Gas Flammable and
Combustible Material

Oxidizing Material Corrosive Material

Poisonous and Infectious 
Material Causing Immediate 

and Serious Toxic Effects

Poisonous and Infectious 
Material Causing Other 

Toxic Effects

Biohazardous Infectious 
Material

Dangerously Reactive 
Material

Safety in Your Online Activities

The Internet is like any other resource you use for research—
you should confi rm the source of the information and 
the credentials of those supplying it to make sure the 
information is credible before you use it in your work. 
 Unlike other resources, however, the Internet has 
some unique pitfalls you should be aware of, and practices 
you should follow.
• It’s easy to waste a lot of time following links that “look 

interesting” long after you’ve found the information you 
need. Take advantage of the online links provided at 
www.albertabiology.ca to use your Internet research time 
effi ciently. Develop your Internet discipline early: focus 
on what you need to know, fi nd it, and log off.

• Online content is constantly changing. If you fi nd some 
useful information once, there’s no guarantee that it will 
be there when you go back to look for it. You may want to 
print it in order to have a permanent record. Always include 
the source and date of the information you’re saving. 

• When you copy or save something from the Internet, you 
could be saving more than information. Be aware that 
information you pick up could also include hidden, 
malicious software code (known as “worms” or “Trojans”) 
that could damage your system or destroy data.

• It’s easy to fi nd your way into sites that are considered 
to be “off limits” by teachers and parents. Why are they 
judged this way? They are off-limits because they contain 
material that is disturbing, illegal, harmful, and/or was 
created by exploiting others. There are rules about what 
is acceptable in print and on the airwaves; they apply to 
Internet material as well. Also be aware that these site 
visits can come back to “haunt” you if you pick up 
“cookies” (electronic tags), that identify your computer 
as a target for more of the same.

• Never, ever give out personal information online. This 
includes your name, your age, your gender, your email 
address, street address, phone number, or your picture. 
Protect your privacy, even if it means not registering to 
use a site that looks helpful. Discuss ways to use the site 
while protecting your privacy with your teacher. There 
may be a way to access it through the school or the 
school library.

• Report any online content or activity that you suspect 
is illegal to your teacher. This can include online hate, 
harassment, cyberstalking, cyberbullying, or attempts 
to lure you into a face-to-face meeting with a stranger; 
dangerous activities concerning terrorism or illegal 
weapons; or physical threats. Discuss ways to deal with 
such material with your teacher; report it to the Internet 
Supervisor at your school, and fi nd out what the school 
policy is for dealing with such material.

With your teacher and fellow students, discuss ways to 
apply critical thinking to online research and develop safe 
Internet practices.
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General Outcomes

In this unit, you will

• explain how the human digestive and 
respiratory systems exchange energy 
and matter with the environment

• explain the role of the circulatory 
and defense systems in maintaining 
homeostasis

• explain the role of the excretory 
system in maintaining homeostasis 
through the exchange of energy 
and matter with the environment

• explain the role of the motor 
(muscular) system in the function 
of other body systems

Unit Contents

Chapter 6

• Digestion and Human Health   . .  204

Chapter 7

• The Respiratory System  . . . . . . . .  242

Chapter 8

• Circulation and Immunity  . . . . . .  266

Chapter 9

• Excretion and the 
Interaction of Systems  . . . . . . . . .  304

Chapter 10

• The Muscular System 
and Homeostasis  . . . . . . . . . . . . . .  330

Focussing Questions
1 What factors infl uence the healthy 

functioning of the body?

2 How can technology assist the 
healthy functioning of the body?
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UNIT
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D on’t tell Sarah Reinertsen it can’t be done, 
unless you want to be proven wrong. In the 
world of running, she has just about done 
it all: 100 m, 200 m, 400 m, 5 km, 10 km, 

marathon, and triathlon. Compared with an athlete with 
two legs, Sarah Reinertsen must use 40 percent more 
oxygen and twice as much energy to accomplish the 
same basic feats. All of her organ systems—circulatory, 
respiratory, digestive, and muscular systems, to name 
only a few—are fi nely tuned through training to work 
together in the most effective and effi cient manner. In 
this regard, however, she is no different from you or 
anyone else. Everyone’s organ systems have the same 
vital function of providing and using matter and energy 
for all life-sustaining activities of the body. In this unit, 
you will explore the means by which your body obtains 
necessary materials from the environment, rids itself of 
materials it does not need, and transforms matter into 
energy. These processes are closely unifi ed and 
regulated in a way that even the fi nest medical 
technologies cannot replicate. 

Human Systems

201

Unit PreQuiz
www.albertabiology.ca

?

Introducing Inquiry into Biology
Biology—the study of the living world—has long been a part of your science education. 
Inquiry into Biology will take you to a deeper level of understanding, helping you build 
on your knowledge of living systems, energy, matter, and the cycles and pathways that 
unite them as an interconnected whole.
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The fi rst six organ systems shown and 
summarized in Figure P4.1 are the 
subject of this unit. You will study other 
organ systems in your next biology course.

Homeostasis and 
Negative Feedback
Whether you are resting or working out, 
your body temperature will stay near a 
set point of 37 °C. The pH of your blood 
will stay near 7.4. Your blood glucose 
level will stay around 100 mg/mL. 
Regardless of external conditions, the 
internal environment of your body 
remains stable or relatively constant. 
The tendency of the body to maintain a 
relatively constant internal environment 
is known as homeostasis.
 Body systems maintain homeostasis 
through a mechanism that has three 
components: a sensor, which detects a 
change in the internal environment; an 

effector, which brings internal conditions 
back into a normal range; and a control 
centre, which activates the effector based 
on information received from the sensor. 
 The main homeostatic mechanism 
that works in the body to keep a variable, 
such as body temperature, stable is 
negative feedback. Figure P4.2A compares 
negative feedback to the way a seesaw 
moves. A seesaw is level when the forces 
acting on it are balanced. If a change 
occurs to disrupt this balance, the seesaw 
can be made level again by applying a 
force to reverse the change.
 In terms of negative feedback, a 
sensor detects a change that disrupts 
a balanced state and signals a control 
centre. The control centre then activates 
an effector, which reverses the change 
and restores the balanced state. Figure 
P4.2B shows how this idea applies to 
the control of body temperature.

Prerequisite Concepts
This unit builds on your 
knowledge of the structure 
and function of animal cells 
(Unit 3 Preparation), the 
cell membrane (Unit 3 
Preparation), and cellular 
respiration (Chapter 5).

Integumentary 
system
• protects body from 

infection
• receives sensory input
• helps to control body 

temperature
• synthesizes vitamin D

Skeletal system
• provides framework 

for muscles to attach 
to, making movement 
possible

• produces blood cells
• stores minerals
• protects soft organs

Nervous system
• detects, interprets, 

and responds to 
stimuli from outside 
and within body

• with endocrine 
system, coordinates 
all organ-system 
functions

Endocrine system
• produces hormones
• helps to coordinate 

organ systems
• responds to stress
• helps to regulate 

fluid and pH balance
• helps to regulate 

metabolism

Respiratory 
system
• delivers oxygen 

to blood
• removes carbon 

dioxide from cells
• helps to control 

blood pH

Circulatory 
system
• transports blood, 

nutrients, gases, 
and metabolic 
wastes

• defends body 
against disease

• helps to control 
temperature, 
fluid balance, 
and pH balance

Lymphatic and 
immune systems
• help to control 

fluid balance
• defend against 

disease
• absorb fats 

(lymphatic)

Excretory system
• removes 

metabolic wastes
• helps to control 

fluid balance
• helps to control 

pH balance

Muscular system
• maintains 

posture
• moves body 

and organs
• produces heat

Digestive system
• breaks down food 

into chemical 
components that 
are small enough 
to enter circulation

• eliminates 
undigested food

Reproductive system
• produces gametes 

(sperm or ova)
• transports gametes
• produces sex 

hormones
• nourishes, nurtures, 

and gives birth to 
offspring in females

Figure P4.1  Organ systems 
of the human body

Human Systems
Each of the cells of the human body is 
a living unit that performs a specifi c 
function. Cells of the same type interact 
both structurally and functionally to 
form specialized tissues, such as those 
that line your stomach. One or more 

tissues interact to form more complex 
structures known as organs, such as your 
stomach. Several organs—for example, 
your stomach, small and large intestines, 
liver, and pancreas—are linked either 
physically or functionally as organ 
systems, such as the digestive system. 

Prerequisite Concepts
This unit provides 
opportunities to practice 
and further develop your 
skills in the use of the 
microscope and in the 
illustrating of scientifi c 
drawings.

Figure P4.2  Negative 
feedback in general 
(A) and in a biological 
example—maintenance 
of body temperature (B).

A B

Introducing Your Inquiry
Start with the Unit Opener to get a sense of the topics you are about to investigate. Try 
to answer the Focussing Questions based on what you know now. Before you begin a 
unit, log on to www.albertabiology.ca to take the Unit Prequiz. You can use the quiz to 
fi nd out what you recall from earlier science studies—results are available at the click of 
a button. If you need to refresh your memory, turn to the Unit Preparation feature.

Using Inquiry into Biology
Each chapter opens with a list of Chapter Concepts, giving you an overview of key 
points and how they relate to one another. The opening text and photograph will give 
you the context, and you will use the Launch Lab to do or discuss an idea that will be 
explored further in the chapter. 
 Each section opens with Section Outcomes that 
outline the knowledge and skills you will develop in 
each section. The list of Key Terms highlights biology 
vocabulary you will be using. Each key term appears in 
boldface type in the section, where it is explained in 
context, and it is defi ned again in the Glossary at the 
back of the book. 

Chapter Concepts
2.1 The Role of Water 

in Cycles of Matter

• There is a fi nite amount of water, which 
is re-used through the hydrologic cycle.

• Water is a universal solvent of polar 
molecules. 

• Water is essential to humans and 
ecosystems.

• The hydrologic cycle plays a central role 
in nutrient cycles (biogeochemical 
cycles).

2.2 Biogeochemical Cycles

• Carbon, oxygen, sulfur, and nitrogen 
are found in living organisms and in 
the land, atmosphere, and water. They 
are recycled through biotic and abiotic 
processes.

• Phosphorus is found in living organisms 
and in the land and water. It is recycled 
through biotic and abiotic processes.

• Disruptions in one biogeochemical 
cycle can affect another.

2.3 The Balance of the Matter 
and Energy Exchange

• Biotic and abiotic processes maintain 
the balance of matter and energy 
exchange in the biosphere.

• Natural processes and human activities 
can affect the transfer of energy and the 
cycling of matter through the biosphere. 

Like all plants, trees of the Pacifi c Northwest coastal rainforest need 
nitrogen from the soil to grow. New evidence from the University 

of British Columbia shows that, unlike most plants, coastal rainforest
trees rely on the Pacifi c Ocean as their source of nitrogen. The urine
and feces of bears and scavengers that feast on Pacifi c salmon are the
main source of about 60 million kg of nitrogen-containing salmon 
tissue that “feeds” the forest soil.
 Salmon need healthy forests and streams to reproduce, and forests 
and bears need abundant salmon. Streams need standing trees to 
retain soil and provide shade. So healthy streams depend on fi sh, and
the fi sh depend on the streams. In this chapter, you will explore how 
the movement of matter in the biosphere connects organisms and
ecosystems in a life-sustaining relationship.

Whose Planet?

Salmon stocks are dwindling throughout the Pacifi c 
Northwest. Because of the newly discovered close 
relationship between salmon and the trees, some 
biologists have urged that forest, wildlife, and fi sh 
management must be integrated. This seems reasonable, 
given that each population—rainforest trees, bears, inland 
salmon, and ocean-going salmon—affects the health and 
stability of the others. Some people go further, suggesting 
that human rights, such as the basic right to exist without 
interference from others, should be extended to all living 
things. Other people suggest that natural entities such as 
streams, oceans, and forests should have legal standing in 
courts in order to provide some protection from human 
decisions and actions.

Procedure
 1. Consider this proposal by applying your current 

knowledge and feelings about biosphere connections 
to one of the following scenarios. Discuss your views 
and ideas with a partner or in a small group.

  • People wanting to enjoy the quiet and beauty of 
nature build homes in “wild” areas that are habitat 
for other species. Should one species (humans) be 
allowed to “own” the habitat of other species? 

  • Loggers working to support their families and 
communities are often hampered by laws protecting 
organisms such as endangered owls and old-growth 
trees. Should these other organisms have rights that 
encroach on a person’s right to make a living?

  • Tourist operators and their clients now have the 
technology and fi nancial resources to venture 
almost anywhere in Canada. This includes using 
helicopters to take mountain bikers and skiers into 
delicate alpine terrain and taking motor boats 
through sensitive wetlands. Should people be allowed 
to go anywhere they wish for whatever purpose?

Analysis
 1. In your opinion, should other organisms have the 

same rights as humans? Should those rights apply 
only to some organisms? How would you choose?

 2. Is it justifi able to extend rights and laws to natural 
entities such as a mountain? Is it practical? Does that 
matter? Defend your opinions.

Launch Lab

2
CHAPTER Cycles of Matter

As salmon decompose, nutrients such as nitrogen are 
released to the soil. Tree ring studies show that when 
salmon are abundant, trees grow up to three times faster 
than when salmon are scarce.
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 Watch for the BiologyFile feature in the margins of many pages. FYI gives you 
instant facts and fascinating tidbits. Try This challenges you to test an idea. Web Link 
connects you to the McGraw-Hill Alberta Biology web site, where you can inquire 
further about a topic of interest.
 The variety of Investigations presented may be directing you to conduct an inquiry 
to confi rm results of experiments done by others, design a procedure to conduct your 
own investigation, or hone your skills in decision-making by gathering data and 
evaluating evidence in order to make decisions and solve practical problems. Thought 
Labs guide you in analyzing data or researching information to look for patterns, form 
opinions, and evaluate points of view.
 Check out the back of the book for Appendices that detail basic scientifi c practices 
and procedures—from using measurement and microscopes to a quick review of related 
chemistry and tips for writing Diploma Exams. 
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7.1
S E C T I O N Structures of the 

Respiratory System

Section Outcomes

In this section, you will 
• identify the principal 

structures of the 
respiratory system

• identify the principal 
functions of the 
respiratory system 

• observe and identify
the major respiratory 
structures

Key Terms

respiratory system
nasal passages 
pharynx
epiglottis
glottis
larynx
trachea
bronchi 
bronchioles
alveoli 
pleural membrane

Figure 7.1  When the warm air from your lungs meets the cold air outside your body, water 
droplets in your breath condense and form a visible cloud. 

BiologyFile
Try This
Cellular respiration is not 
the same as breathing, and 
yet the term respiration is 
used to describe the process 
that includes breathing. 
How can you distinguish 
clearly between cellular 
respiration and respiration 
to avoid possible confusion 
or misconceptions? (Hint:
Do all organisms have 
respiratory systems?)

As you move about on Earth’s surface, 
you wade through a colourless mixture 
of nitrogen, oxygen, carbon dioxide, and 
other gases. If you are like most people, 
you probably tend not to notice the air 
surrounding you because you cannot 
usually see any physical evidence that it 
exists. Figure 7.1 shows one situation in 
which you can see evidence of the invisible 
ocean of air that envelopes Earth.
 The oxygen in air is vital to survival 
because it is needed to carry out cellular 
respiration, the process that produces 
the energy used to fuel all cell functions. 
Cellular respiration also produces carbon 
dioxide, and each cell must rid itself of 
this waste gas. The main function of the 
human respiratory system, therefore, is 
to ensure that oxygen is brought to each 
cell in the body and that carbon dioxide 
can leave each cell and be removed from 
the body. Respiration is the general term 
that is used to describe this overall 
process.
 There are two main requirements 
for respiration. First, the surface area, or 
respiratory surface, must be large enough 
for the exchange of oxygen and carbon 
dioxide to occur at fast enough rates to 

meet the body’s needs. Second, respiration 
must take place in a moist environment, 
so that the oxygen and carbon dioxide 
are dissolved in water. As summarized 
below, there are several stages in 
human respiration, and each stage has 
specialized structures to facilitate it. You 
will explore these stages in greater detail 
over the course of this chapter.

Stages in Respiration

• Breathing involves two basic 
processes: inspiration (breathing in, 
or inhaling) and expiration (breathing 
out, or exhaling). Inspiration moves air 
from the external environment to the 
lungs inside the body. Expiration 
moves air from the lungs back to 
the external environment.

• External respiration is the exchange of 
oxygen and carbon dioxide between 
the air and the blood.

• Internal respiration is the exchange of 
oxygen and carbon dioxide between 
the body’s tissue cells and the blood.

• Cellular respiration, as you know from 
Chapter 5, is the series of energy-
releasing chemical reactions that 
take place inside the cells. Cellular 
respiration is the fi nal stage in 
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Identifying Blood Cells 

The different types of blood cells have different forms and 
functions. This investigation will enable you to examine 
these differences by looking at blood through a microscope.

Question

What characteristics of blood cells can you use to help 
you describe and compare them?

Safety Precautions

• Make sure that your hands are dry when you are 
handling electrical equipment. 

• Handle microscope slides carefully, since they can 
break easily and cause cuts.

Materials

• light microscope

• prepared slides of human blood

Procedure

 1. Place the slide of blood on the microscope stage, 
and focus using the low-power lens.

 2. Scan the slide to fi nd an area where you can observe 
individual blood cells.

 3. Rotate the lens to medium power, and focus on 
the visible cells. Then rotate the lens to high power. 
Focus again on the visible cells. Note the differences 
between the red blood cells and the white blood cells.

 4. Use the photographs to help you identify the cells 
you are observing. 

 5. Make a drawing of each type of cell. Label the cell 
membrane, the cytoplasm, and the nucleus (where 
applicable) of each cell, and estimate the size of the cell.

 6. Repeat steps 1 to 5 until you have identifi ed the types 
of blood cells shown in the photographs.

 7. Summarize your observations using a table like the 
one below. 

Formed 
element

Approximate 
number in 
one visual 

field
Approximate 

size (mm) Appearance Sketch

(A) Red blood cells (B) Neutrophil (C) Basophil (D) Eosinophil 
(E) Monocyte (F) Lymphocyte. Cells (B)–(F) are white blood 
cells among red blood cells. All images magnified 400 ×.

Analysis

 1. The red blood cells of mammals do not have a nucleus, 
whereas the white blood cells do have a nucleus. 
Suggest one possible reason for this difference.

 2. Were you able to observe any platelets? If yes, describe 
them and add the information to your table. If no, 
explain why you might not have seen any.

Conclusions

 3. Which characteristics did you fi nd most useful in 
helping you distinguish among the different blood cells?

 4. a) Based on the blood samples you examined, how 
does the abundance of red blood cells compare 
with the abundance of the different white blood 
cells you observed?

b) Compare your answer to part (a) with the data 
in Table 8.2 on page 283. What additional 
information or procedures would help you 
make more accurate estimates of the cells in 
human blood?

8.CI N V E S T I G A T I O N T a r g e t  S k i l l s

Determining, through microscopic 
inspection, the shape and abundance of 
the different cells in a prepared slide of 
human blood

Compiling and displaying information 
about the cells in human blood

A B

C D

E F
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Figure 3.28  Native to much of Alberta and western North America, bull trout 
(Salvelinus confluentus) are actually a species of char, not trout. Competition 
with introduced species, such as brook trout (Salvelinus fontinalis) and brown 
trout (Salmo trutta), for food and other resources has contributed to the 
decline of this species. Other significant limiting factors include habitat loss 
and overfishing.

one or more populations may be lowered 
by the presence of the other species. For 
example, the barnacles in Figure 3.29 
have similar niches. If only one species 

were present on the rocky shore, it would 
likely inhabit the entire area that the 
two species share. Their differences are 
enough, however, for both to occupy 
the same habitat. 

Predators Limit Populations 

Predation is a biotic interaction that 
involves the consumption of one 
organism by another. In this type of 
interaction, the consumer organism 
is referred to as a predator and the 
consumed organism is called prey. This 
type of biotic interaction includes the 
grazing of grasses by a horse and other 
herbivores as much as it does the 
capturing and eating of a rabbit by 
a coyote and other carnivores.
 The relationships between predators 
and their prey can have a signifi cant 

Many species have been introduced to North America, either 
intentionally or unintentionally. For example, most of the 
food crops grown in Canada are introduced species that 
were intentionally cultivated for human benefi t. Some 
species that are introduced, usually accidentally, become 
invasive and have a serious impact on native ecosystems. 
One of these invaders, spotted knapweed (Centaurea 
biebersteinii), was introduced into North America from 
Europe in the late 1800s. 

Procedure
Investigate the biology of spotted knapweed. Specifi cally, 
fi nd out how it reproduces, what animals eat it, how it was 
introduced into North America, and how it is spread. 

Analysis
 1. Study the graph opposite. 

a) Describe what has happened to the population of 
spotted knapweed since its arrival in British Columbia. 

b) Predict the number of hectares that will be covered 
by spotted knapweed in 2020. Explain your prediction.

 2. Explain why some introduced species can become so 
invasive and damaging to native species and ecosystems. 

 3. Why is spotted knapweed not a pest in its native habitat 
in Europe?

 4. a) Populations of spotted knapweed are present in 
Alberta. How could spotted knapweed be spread 
throughout the province? 

b) Predict how this might affect: 

i) farming and ranching   ii) native ecosystems

Thought LabThought Lab 3.3 Super Competitor: Knapweed T a r g e t  S k i l l s

Assessing the environmental impact of 
an introduced species in established 
ecosystems

Real-world Applications

The Connections feature in each chapter spotlights a specifi c idea, technology, 
or issue that touches your life. Find out, for example, how Albertans are linked to 
a hippopotamus population in Ghana, making money (and energy) from manure, 
using traditional healing technologies, and reintroducing an endangered species 
to its traditional homeland among the Blackfeet Nation in the United States.
 The Career Focus at the end of each unit features an interview with someone whose 
work in a particular fi eld of biology may inspire your own career aspirations. You will 
also fi nd a sampling of related careers that draw upon other fi elds within and beyond 
those of biology.

Connections Social and Environmental ContextsSocial and Environmental Contexts
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Examples of traditional remedies include:
• white willow (salix species) In use since Roman times, 

teas made from the bark of this tree contain salicin, 
which reduces fever. The synthetic form of salicin is 
called acetyl salicylic acid (brand name, Asprin™).

• boswellia (Boswellia serrata) The sap of this tree has 
been used as an anti-infl ammatory since ancient times 
in India. The active ingredients are boswellic acids, 
which are considered to be effective herbal alternatives 
to nonsteroidal anti-infl ammatory drugs (NSAIDs) for 
the treatment of arthritis. 

• Seneca snakeroot (Polygala senega) Snakeroot contains 
a milky liquid that the Seneca First Nations used to treat 
snakebite, which is the source of its common name. 
Aboriginal people across North America have used the 
dried root for centuries as a decongestant and to loosen 
mucus in the lungs.

• Pleurisy root (Asclepias tuberosa) First Nations people 
used this powerful remedy to treat chest and upper 
respiratory problems, including colds, coughs, 
bronchitis, pneumonia, and pleurisy. 

Dr. Malcolm King of the University of Alberta is a 
descendant of a long line of traditional native healers 
in the Six Nations confederacy and is a member of the 
Mississaugas of New Credit First Nation. He is also 
a research scientist and professor in the pulmonary 
division of the University of Alberta’s department of 
medicine. He studies the fl ow of mucus in the lungs and 
other organs and the treatment of asthma, bronchitis, 
and cystic fi brosis. Dr. King’s special area of interest is the 
use of traditional aboriginal remedies to treat illnesses 
related to the respiratory system.
 Dr. King and his students have examined the use of 
rat root (Acorus calamus) to improve the excretion of 
mucus in the lungs and found it could be helpful in 
clearing lung infection. They have also tested extracts of 

licorice root (Glycyrrhiza glabra) in the lab, and Dr. King 
has used the extract to treat his own colds. 
 Dr. King’s challenge is to fi nd funding for his 
research. Natural products cannot be patented, and drug 
companies are therefore reluctant to invest in research. 
In addition, Dr. King feels that traditional native healers 
“would not be interested in sharing with drug companies.”

• • •
 1. Do you think traditional remedies are safer than the 

products manufactured by pharmaceutical 
companies? Explain your answer.

 2. Should traditional remedies be scientifi cally tested 
and regulated the same way that manufactured drugs 
are? Why or why not?

 3. Does anyone own traditional remedies? Do you 
think companies should be allowed to patent them? 
Give reasons to justify your opinion.

Cree elders boil the leaves of the Labrador tea plant (shown 
here) to make a drink loaded with vitamin C and helpful in the 
treatment of colds, sore throats, and insomnia. Too much of 
this remedy can be toxic, so the elder’s knowledge of the 
correct dosage is vital to the health of the community.

Traditional Healing in Modern Times
Humans have been treating ailments for millennia. Before universities and medical 
schools, a community’s specialized knowledge about healing techniques and 
technologies was passed on orally and through apprenticeships with skilled healers. 
The teachings would include extensive knowledge about the most effective parts of 
local plants—leaves, fl owers, or roots—and the best way to preserve materials and 
prepare and administer the treatments. Dried and ground roots or leaves, made 
into pastes and teas, are just two of the ways traditional medicines are prepared. 
Practitioners also need to know how to fi nd and properly identify medicinal plants 
and, depending on the culture, offer appropriate prayers of thanks for them.

196  MHR • Unit 3  Photosynthesis and Cellular Respiration

Career Focus: Ask a Research Scientist
Other Careers Related to Science

Dr. Salim Abboud has always been interested in science as a way to 
solve problems. Today, he is a research scientist at the Alberta Research 
Council and an Adjunct Professor at the University of Alberta, where he 
applies scientifi c knowledge to solve some of the most urgent issues 
facing our society today. Dr. Abboud’s current research focusses 
on improving waste management techniques and developing 
environmentally friendly and waste-free methods of composting organic 
materials and other wastes. This research is on the cutting edge of 
science, particularly as our society begins to move to a more sustainable 
way of life. Dr. Abboud’s goal, like the goals of most research scientists, 
is to fi nd ways of solving current problems and to develop technologies 
and solutions for issues that will be facing us in the future. 

Conservation Biologist Researchers who focus on 
conservation biology have many opportunities to work 
on relevant and meaningful projects at local as well as 
global levels. Some areas of conservation biology include 
protecting endangered or threatened species and 
increasing their numbers, reclaiming polluted sites, 
developing barriers to protect ecosystems from the impact 
of nearby developments, and developing policies to ensure 
long-term protection of the natural environment.

Biophysicist As the name suggests, biophysicists combine 
knowledge and techniques from the disciplines of biology 
and physics in order to investigate the mechanisms by 
which organisms function at an environmental as well as 
a cellular level. Applications of biophysical research affect 
fi elds as diverse as biotechnology, agriculture, ecology, 
and medicine.

Agronomist Agronomists study food, food production, 
and the earth material, soil, that both anchors plants and 
supplies them with nutrients that are made available 
through biogeochemical cycles. Drawing upon their 
knowledge of chemistry as well as plant biology, agronomists 
investigate methods to enhance existing agricultural 
techniques as well as to supplement or replace them with 
alternative technologies. Some agronomists work with 
“high-tech” technologies such as genetic manipulation (for 
example, so that plants may be grown without pesticides 
or synthetic fertlizers). Other agronomists prefer to work 
from a more “natural” foundation by concentrating on 
organic farming techniques.

Environmental Microbiologist Researchers in this 
fi eld combine interests in chemistry, ecology, molecular 
genetics, and the biology of microscopic life in order to 
examine the activity of cellular processes in soil, water, 
and the atmosphere. Practical applications of such 
research include wastewater treatment, bioremediation, 
environmental risk assessessment, and control techniques 
for water- and air-borne pathogens.

Go Further…
 1. Research the methods of waste disposal 

that are used in your community. How 
much of your community waste goes 
to a landfi ll? How much is recycled or 
composted? 

 2. Why is waste disposal such an important 
issue? What can you do in your daily life 
to improve the situation?

 3. Volatile organic compounds, or VOCs, are 
a signifi cant pollution problem. Research 
and list some common sources of VOCs 
and what is being done to solve the 
problem.

Q What are the main areas of your research?

 I am working on fi nding the optimal conditions and 
technologies to maximize the process of composting 
and make it as clean and complete as possible. Using 
compost as a soil amendment gives us an alternative to 
using chemicals (such as fertilizers and pesticides) on 
land, thereby saving energy and natural resources. As 
well, I am interested in the biofi ltration of gaseous 
emissions from municipal and industrial sites. 

Q What is biofi ltration?

 If you take a material, such as a volatile organic 
compound (VOC), that causes air pollution, you may 
be able to oxidize it into non-harmful compounds, 
such as CO2 and water. This also works on other 
noxious emissions, such as reduced sulfur compounds 
that have such a strong smell. They can be oxidized 
into SO2 and water, which eliminates the negative 
effects of the sulfur compound. 

Q Do you spend all your time in a laboratory, or do you 
get to go out and do fi eld work?

 I spend a signifi cant amount of time out in the fi eld. 
I set up pilot experiments and test new conditions in 
different locations, such as industrial sites. In addition, 
I am involved in work at the Edmonton Waste 
Management Centre of Excellence, which houses 
a leading edge composting facility.

Q What makes the Edmonton composter so special?

 The Edmonton composter is the largest composter in 
North America, handling almost 1200 t of compost 

every day. All household solid waste in Edmonton 
goes to the composter, where it is treated. About 65 
to 70 percent of the waste ends up as compost or 
recyclable commodities, and about 30 percent is 
a residual that is sent to the landfi ll. 

Q So no household garbage in Edmonton goes directly 
to the landfi ll?

 No, it doesn’t. In fact, we are still working to reduce 
the 30 percent. We are aiming to keep about 95 percent 
of waste from landfi lls by gasifi cation techniques 
(burning), which will extract energy that can be 
used to create electricity. 

Q Why do you think these issues are so important?

 At the moment, as a society, we produce an enormous 
amount of garbage and other pollutants. I believe that 
it is possible to use resources in environmentally and 
socially friendly ways. It is no longer appropriate to take 
a natural resource, use part of it, and then throw the 
rest away. My focus is industrial ecology, organizing 
industries in ways that are similar to nature. In nature, 
there is no waste—one process feeds into the next. 
My question is why throw out garbage? Compost it, 
and return it to where it came from. Close the loop, 
and eventually we won’t have a pollution problem.

Q Can you give me an example of what you mean?

 Sure. Let’s talk about organic waste. It comes from 
food and fi bre produced from plants. After we use 
plants, we can compost them and add the compost 
to the soil, which will produce more plants and 
complete the cycle.
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Assessing Your Learning
Use the following opportunities to pause and refl ect on your learning.
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of this. Figure 13.4 shows the pancreas, 
an endocrine gland that secretes the 
hormone insulin into the bloodstream. 
Insulin affects its target cells by making 
them more permeable to glucose.
 The endocrine glands and the 
hormones that they secrete make up the 
endocrine system. Compared to the 
rapid actions of the nervous system, the 
endocrine system typically has slower 
and longer acting effects, and affects a 
broader range of cell types.
 Homeostasis depends on the close 
relationship between the nervous system 
and the endocrine system. Note, however, 
that the distinction between these two 
systems is often arbitrary. For example:
• Some nervous system tissues secrete 

hormones, such as cells in the 
hypothalamus, pituitary gland, 
and adrenal glands.

• Several chemicals function as both 
neurotransmitters and hormones, 
depending on their location in the body. 
An example is epinephrine, which acts 
as a neurotransmitter between certain 
neurons in the nervous system, and as 
a hormone released by the adrenal 
glands in the fi ght-or-fl ight response.

• The endocrine and nervous systems 
both include responses that are 
regulated by negative feedback loops.

• The regulation of several physiological 
processes involves both the nervous and 
endocrine systems acting in conjunction 

 with each other. For example, when 
a mother breast-feeds her baby, the 
baby’s suckling initiates a sensory 
message in the mother’s neurons that 
travel to the hypothalamus, which in 
turn triggers the pituitary to release a 
hormone called oxytocin. Oxytocin 
travels in the bloodstream to the 
mammary glands of the breast, 
causing the secretion of milk. 

 Why do nervous system 
responses tend to be more rapid 
than endocrine system responses?

 Defi ne the term hormone using 
a specifi c example.

 Provide four reasons why the 
distinction between the nervous 
and endocrine systems is 
sometimes blurred.

• • •

• • •

Figure 13.4  (A) A false-
colour scanning electron 
micrograph and (B) a 
drawing of pancreas tissue. 
The hormone-producing 
cells are surrounded by 
blood vessels.

A B

Figure 13.3  Endocrine 
gland secretion of 
hormones. How are the 
actions of the endocrine 
system different from the 
actions of the nervous 
system?

Magnification: 394 ×
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 1. Explain how the two basic requirements for gas 
exchange identifi ed in Section 7.1 are met by the 
structure of the lungs.

 2. Describe the role of the diaphragm in inhalation 
and exhalation. 

 3. Use the following diagram to explain the mechanics 
of breathing.

 4. a) Describe the purpose of a spirograph.

b) Sketch an example of a spirograph. Include the 
following terms: tidal volume, inspiratory reserve 
volume, expiratory reserve volume, vital capacity, 
and residual volume.

c) Describe or defi ne all of the volumes of air that you 
represented on your sketch.

 5. a) Identify the three “volumes” of air that make up an 
individual’s vital capacity.

b) Explain the purpose of the residual volume of air in 
the lungs.

 6. Sketch two diagrams in your notebook that compare 
external respiration with internal respiration. Describe 
these two processes and discuss the role of diffusion and 
facilitated transport in gas exchange.

 7. Describe the role of hemoglobin and bicarbonate ions 
in gas exchange.

 8. In an automobile accident, the diaphragm of a 
passenger is punctured. How would this affect the 
person’s ability to breathe?

Use the following information to answer the next two questions.

Pneumothorax
A pneumothorax is commonly known as a collapsed lung. 
Normally, the outer surface of the lung sits next to the 
inner surface of the chest wall. The lung and the chest wall 
are covered by thin membranes called pleura. A collapsed 
lung occurs when air escapes from the lungs or leaks 
through the chest wall and enters the space between the 
two membranes (pleural cavity). As air builds up, it causes 
the nearby lung to collapse. A collapsed lung can result 
from blunt force trauma, rib fractures, or a foreign object 
entering through the thoracic cavity and into the lung.

 9. Explain how a pneumothorax would impair gas 
exchange in the collapsed lung.

Use the additional information to answer the next question.

When this is the case in larger mammals, the lung will 
sometimes reinfl ate after the air is evacuated by inserting 
a needle or a chest tube into the thoracic cavity. 

 10. Why would removing the air from the thoracic cavity 
help the lung to reinfl ate?

 11. You may have experienced a situation when a toddler 
gets upset and states emphatically that they are going to 
hold their breath until they get their way. Explain, in 
terms of the control of breathing, why most people 
can only hold their breath for less than a minute.

ReviewSection  7.2

Section 7.2 Summary
• Two muscular structures, the diaphragm 

and the rib muscles, work together to 
move air into and out of the lungs.

• The volume of air in your lungs can 
change depending on how much oxygen 
you need and your level of activity. 

• External respiration takes place in the 
lungs. Internal respiration occurs in the 
tissues. Oxygen and carbon dioxide are 

exchanged between the alveoli and the 
capillaries by the processes of passive 
and facilitated diffusion. Oxygen (O2)
diffuses into the blood from the alveoli, 
and carbon dioxide (CO2) diffuses out 
of the blood into the alveoli. 

• Oxygen is carried in the blood bound 
to hemoglobin in red blood cells. 
Most carbon dioxide is carried as 
bicarbonate dissolved in blood plasma.
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 11. If a man has type AB blood and a woman has type A 
blood, what possible blood types could their children 
have?

 12. In one family, all three siblings have type B blood.

a) Use Punnett squares to show how two different 
sets of parent genotypes could produce this result.

b) Which of the two sets of potential parents in your 
answer to (a) is more likely to be the parents of 
these siblings?

 13. A couple just brought home a new baby from the 
hospital. They begin to believe that the hospital 
switched babies, and the baby they brought home is 
not theirs. They check the hospital records and fi nd 
that the man’s blood type is B, the woman’s blood 
type is AB, and the baby’s blood type is O. Could the 
baby be theirs?

 14. A chinchilla rabbit with genotype cchch is crossed with 
a Himalayan rabbit with genotype chc. What is the 
expected ratio of phenotypes among the offspring 
of this cross?

 15. Some of the offspring of a chinchilla rabbit and 
a Himalayan rabbit are albino. What must be the 
genotypes of the parent rabbits?

 16. Could a mating between a chinchilla rabbit and an 
albino rabbit produce a Himalayan rabbit? Explain 
your reasoning, with reference to the genotypes and 
phenotypes of the parents and possible offspring.

 17. Four children have the following blood types: A, B, 
AB, and O. Could these children have the same two 
biological parents? Explain. 

Practice Problems

Human Blood Types

Problem
If a man has type O blood and a woman has type B blood, 
what possible blood types could their children have? If 
this couple has six children, all with type B blood, what 
could you state about the woman’s genotype?

What Is Required?
Possible blood types of children
Statement about woman’s genotype

What Is Given?
The man has type O blood.
The woman has type B blood.

Plan Your Strategy
Step 1  Determine the possible genotypes of the man 

and the woman. 
Step 2  Make Punnett squares for all the possible 

combinations of genotypes. 
Step 3 List all the possible genotypes of the children. 
Step 4  State all the possible phenotypes (blood types) 

produced by these genotypes.

Act on Your Strategy
Step 1
The man must have the genotype ii.
The woman could have genotype IBi or IBIB.

Step 2

Step 3
Children could have genotypes IBi or ii. These genotypes 
produce type B and type O blood, respectively.

Step 4
If the couple has six children with type B blood, you 
would suspect that the woman’s genotype is IBIB. You 
could not be certain, however, because the processes 
involved in gamete formation are random. The woman 
could have the genotype IBi, but none of the children 
received the i allele. (If the woman has the genotype IBi,
the chances of all six children receiving her IB allele are 
1 in 64, or about 1.6 percent.)

Check Your Solution
The only genotype that produces type O blood is ii. To 
produce type B blood, the woman must have at least one 
IB allele. Her second allele could be i or IB. All the children 
had to receive an i allele from their father. They could 
receive either an i or an IB allele from their mother.

Sample Problem
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Chapter 11

The nervous system plays a key role in maintaining 
homeostasis in the body. The functional unit of the nervous 
system is the neuron. This cell is specialized to transmit 
neural information throughout the nervous system. Bundles 
of neurons are called nerves.
 A neuron can generate a resting membrane potential, 
which establishes a positive ion charge outside and a 
negative charge inside the resting neuron. The potential 
is due to a difference in charge across the membrane. If 
a stimulus causes suffi cient depolarization to reach the 
threshold potential of the membrane, then an action 
potential will be sent along the length of the axon in an 
all-or-none response. The neuron must repolarize before 
another impulse can be sent.
 Myelinated neurons make up the white matter of the 
human nervous system. Their axons are covered with a 
myelin sheath. The myelination allows for faster impulse 
conduction and protects nerve cells. The presynaptic neuron 
can communicate with the postsynaptic neuron or effector 
by releasing chemicals called neurotransmitters.

 There are two main divisions that make up the human 
nervous system: the central nervous system (CNS) and the 
peripheral nervous system (PNS).
 The central nervous system contains the brain and 
spinal cord, which function to integrate neural information. 
The cerebrum is the largest part of the brain. It includes two 
cerebral hemispheres, or four pairs of lobes. The top layer of 
the cerebrum is the cerebral cortex. The principal structures 
of the brain have been mapped to specifi c functions. 
 The peripheral nervous system contains sensory 
neurons that transmit information into the central nervous 
system and motor neurons that relay neural impulses to 
the muscles and glands. The peripheral nervous system is 
further subdivided into the somatic (largely voluntary) and 
the autonomic (largely involuntary) systems. The refl ex arc 
is structured to carry out rapid responses that do not involve 
conscious control. The sympathetic and parasympathetic 
divisions of the autonomic system often act in opposition to 
each other. The sympathetic system prepares the body for 
stress, while the parasympathetic system returns the body 
to a resting state and operates when the body is resting.

Chapter 11 Graphic Organizer 

Chapter 11
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Understanding Concepts
 1. Use word processing software to create a fl ow diagram 

showing the main divisions of the nervous system. 
Describe the key features of each division. ICTICT

 2. If the motor area of the right cerebral cortex was 
damaged in an automobile accident, which side 
of the body would be affected? Why? 

 3. If the blood supply to an area of the brain is interrupted, 
as in a stroke, this part of the brain can be damaged, 
resulting in a loss of function. In the diagram below, 
the letters A to D indicate specifi c lobes of the cerebral 
cortex that have been damaged due to a stroke. Name 
the structures that correspond to each letter and describe 
which brain function would be affected in each case.

 4. Compare the functions of the sympathetic and 
parasympathetic divisions of the autonomic system. 
Give specifi c examples of their physiological effects 
in the body. 

 5. A person with epilepsy can have severe epileptic 
seizures. Explain why severing the corpus callosum 
is used to treat some cases of epilepsy. 

 6. Explain the functions of acetylcholine and 
cholinesterase in the transmission of an impulse 
and the functioning of the synapse.

 7. A person complains of a noticeable decrease in muscle 
coordination after an injury to the brain. Which area 
of the brain is most likely affected? Explain.

 8. While nailing boards onto a fence, you accidentally 
hit your hand with a hammer. Use word processing 
or graphics software to trace the path of neural 
transmission from the original stimulus to your 
response as you drop the hammer. Include the types 
of neurons and their functions. ICTICT

 9. In a snowmobile accident, a person receives a severe 
spinal cord injury. Explain why the person loses all 
sensation below the injured area. 

 10. Examine the diagram below, and use word processing 
software to create a table to record

  • the structures and types of neurons indicated by the 
letters in the diagram 

  • the functions of these structures and neurons 
 Under your table, indicate the direction of neuron 
transmission. ICTICT

 11. Compare white matter with grey matter. Identify the 
location of each, and describe its function.

 12. Multiple sclerosis causes the myelin sheath to 
degenerate over time. Indicate the specifi c losses of 
myelinated nerve function caused by this condition.

 13. The diagram below indicates different ion 
concentrations from the inside to the outside of a 
neuron while the neuron is at rest. Draw this diagram 
in your notebook, and indicate the sodium ions, 
potassium ions, sodium ion channels, and potassium 
ion channels. Also indicate the charge inside and 
outside the neuron. Explain how the different ion 
concentrations are established.

 14. Using a diagram, explain depolarization, action 
potential, and repolarization of the neuron. What 
factors might stimulate an action potential?

 15. Explain why saltatory conduction occurs in myelinated 
neurons but not unmyelinated neurons.

A

C

B
D
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7UNIT

Understanding Concepts
 1. Explain what is meant by the term “cell cycle.” 

 2. Arrange the following events into the order in which 
they take place during mitosis: anaphase; metaphase; 
prophase; telophase.

 3. A diploid plant cell contains 54 chromosomes 
(2n = 54). Describe the number and arrangement 
of chromosomes in each of the following:
a) a leaf cell immediately following cytokinesis 
b) a gametophyte cell at the conclusion of the S phase 

of mitosis
c) a sporophyte cell at the conclusion of anaphase I

 4. Explain how Mendel’s laws derive from events that 
take place during meiosis.

 5. Distinguish between the following:
a) genotype and phenotype
b) homozygote and heterozygote
c) recessive and dominant

 6. Assume that no crossing over takes place. What is 
the possibility that a woman’s egg cell contains only 
chromosomes that the woman inherited from her 
father? Explain the signifi cance of your answer.

 7. Nondisjunction and crossing over are two events 
that may take place in a reproducing cell. 
a) Use labelled diagrams to illustrate each event.
b) Which event is more likely to result in non-viable 

daughter cells? Explain. 

 8. Compare and contrast the life cycles of humans and 
ferns. What reproductive advantages does each life 
cycle offer? 

 9. For each of Mendel’s laws of heredity, provide
a) an explanation in terms of classical (Mendelian) 

genetics
b) an explanation in terms of molecular genetics 

Use the following information to answer questions 10 to 13. 
In a particular breed of fl y, black eyes (B) are dominant to grey 
eyes (b); normal wings (W) are dominant to short wings (w);
and hairy legs (H) are dominant to smooth legs (h).

 10. What ratio of phenotypes would you expect to fi nd in 
a) the F1 generation of a cross between a true-breeding 

normal-winged fl y (WW) and a true-breeding short-
winged fl y (ww)?

b) the F2 generation of the cross in (a)?

 11. Describe a procedure you could use to fi nd out 
the genotype of a black-eyed fl y.

 12. A cross between a normal-winged fl y and a short-
winged fl y resulted in the following F1 offspring: 
489 normal-winged; 511 short-winged. What can 
you infer about the genotypes of the P1 generation?

 13. You cross two fl ies that are both heterozygous for both 
traits. Assume that the genes are not linked. Of 1000 
offspring, how many would you expect to have 
a) normal wings?
b) black eyes and short wings?
c) grey eyes and short wings?

 14. A couple has three children, two of whom have 
hemophilia. What is the probability that their next child 
will have hemophilia? Use a Punnett square to explain 
your reasoning.

 15. Examine the following fi gure. 
a) What process does A represent?
b) What process does B represent?

 16. The coding strand of a segment of DNA in a bacterial 
chromosome has the following base sequence: 
5'-TACACATGCATC-3'. Refer to Table 18.3 to 
answer these questions.
a) Draw a section of the double-stranded DNA 

molecule that includes this segment. 

• Questions for 
Comprehension 
(“Q questions”) check 
basic understanding 
of concepts.

• The Section 
Summary lists 
key points.

• The Section Review 
helps you gauge your 
understanding of 
essential knowledge 
and applications.

• Sample Problems 
model techniques 
related to your study 
of genetics, and 
Practice Problems 
provide opportunities 
for you to develop 
and assess your 
ability to solve 
these problems.

• The Chapter 
Summary and 
Chapter Review 
broaden your focus 
and encourage you to 
apply your knowledge 
to different situations 
and contexts.

• The Unit Review 
enables you to refl ect 
on, consolidate, and 
apply your learning 
of the entire unit.

Inquiring Further at Inquiry into Biology Online
In addition to the Unit Prequizzes and Web Links, Inquiry into 
Biology Online at www.albertabiology.ca highlights and reinforces 
key points from each chapter. The Electronic Study Partner aids and 
reinforces your understanding of key concepts and skills. Your web 
resource is also packed with study tips, strategies, research tools, 
and opportunities to extend your learning in many new directions
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