
deep-sea vents, you may want to encourage students’
interest by having them complete the Web Link on page
13 concerning Canada’s role in deep-sea research. This
research can be completed either as an individual and
group assignment.

■ Ask students what the maximum temperature of liquid
water is. Most students should answer 100 °C, the boiling
point. Then ask how the water around a deep-sea vent can
reach 350 °C. (The answer is that the increased water
pressure prevents water from changing to a gas.) You can
also point out that the same explanation (in reverse)
accounts for the fact that water boils in Calgary and other
high elevation parts of Alberta at approximately 98 °C
(because of lower air pressure).

■ BLM 1.1.8 (OH) Energy Transfer in the Biosphere can
be used to link the path energy follows through the
biosphere to the first and second laws of thermodynamics.
Ask students if they can identify where the energy arrows
indicate the conversion of energy from one form of energy
to another (sunlight to producers, all organisms to heat) or
the transfer of energy from one organism to another
(producers to consumers, producers and consumers to
detritivores, consumers to other consumers [not shown]).
Discuss how energy that is dispersed or “lost” as heat is not
really lost, but is simply unavailable to other organisms.
Earth or its atmosphere either absorbs such energy, or it is
radiated into space.

■ Investigation 1.A: Storing Solar Energy in Plants provides a
hands-on way to bring home to students the concept that
while glucose is the product of photosynthesis reactions in
plants, these molecules are also converted into other
carbon-rich organic molecules such as proteins, fats, and
the focus of this investigation, starches. Starch is a main
form of chemical energy storage in the photosynthetic
tissues of plants, as students will learn in this investigation.

Answers to Questions for Comprehension
Student Textbook page 9

Q1. Cellular respiration is a process that releases the energy
stored in carbohydrates and other energy-rich organic
molecules. The chemical reactions involved in cellular
respiration occur in most species, including species of
plants and animals.

Q2. Photosynthesis is the process that producers, such as
plants, algae, and some bacteria, use to chemically convert
carbon from carbon dioxide into carbohydrates using light
energy from the Sun.

Q3. Through photosynthesis, producers use the Sun’s light
energy to make energy-rich organic molecules. Through
cellular respiration, producers, decomposers, and
consumers release the energy stored in energy-rich organic
molecules. The energy released by cellular respiration
supports organisms’ activities.

Q4. Producers and consumers are linked though the processes
of photosynthesis and cellular respiration: The products of
cellular respiration are reactants in photosynthesis, and
the products of photosynthesis are the reactants of cellular
respiration. Specifically, producers, such as plants, algae,
and some bacteria, use carbon dioxide, energy from the
Sun, and water to make energy-rich organic molecules
(glucose). This process also releases oxygen. Consumers
eat producers or other consumers to gain the fuel required
to carry out their life processes. Both producers and
consumers use oxygen to release the energy in glucose via
cellular respiration, and in the process release carbon
dioxide and water.

Investigation 1.A: Storing Solar Energy 
in Plants

Student Textbook pages 10-11

Purpose
Students will perform an experiment to determine the
relationship between light exposure and starch formation in
plants.

Outcomes
■ IP-STS 3
■ IP-NS3
■ ICT C6-4.1
■ 20-A1.1s

Advance Preparation

When to Begin What to Do

Several weeks before ■ Find a source of solid green
and variegated plants.

4 days before ■ For each pair of students,
place one variegated and
one green plant in dark
conditions and one
variegated and one green
plant in light conditions for
four days.

1 day before ■ Ask students to read the
investigation at home the
evening before.

■ Photocopy BLM 1.1.3
(HAND) Investigation 1.A:
Storing Solar Energy in
Plants
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Time Required
■ 1/2 period to introduce the objectives of the investigation

and explain/demonstrate how to set up the investigation
■ 1 period for students to set up the investigation, gather

data, and clean up

Helpful Tips
■ Use BLM 1.1.3 (HAND) Investigation 1.A: Storing

Solar Energy in Plants to support this activity. Remove
sections as appropriate to meet the needs of the students in
your class. The answers can be found on BLM 1.1.3A
(ANS) Investigation 1.A: Storing Solar Energy in Plants
Answer Key.

■ Expected Results: After the chlorophyll has been removed
and the leave are treated with iodine, 
(a) the solid, green leaf that had been in the light for the

full four days will show a positive test for starch. The
entire leaf will turn brownish-purple.

(b) the solid, green leaf that had been in the dark for the
full days will show a negative result when tested for
starch. This leaf will stay the colour of the iodine
solution. The plant will have used up all of the starch
in the leaves for energy production.

(c) only the “green” areas in the variegated plant grown in
the light will turn brownish-purple; the white areas in
this plant will remain the same colour as the iodine
solution.

Safety Precautions
Ethanol ignites easily and iodine stains skin and clothing.
Handle all chemicals with great care.

Answers to Analysis Questions
1. The green pigmentation of all leaves exposed to sunlight

tested positive for starch (turned purple). 

2. Diagrams should shade all green leaves exposed to
sunlight to indicate starch detection. For variegated leaves
exposed to sunlight, the green pigmentation only should
be shaded. Leaves not exposed to sunlight did not turn
purple. 

3. Starch was present in the green areas only.

4. and 5. Encourage students to explain why their
predictions and hypotheses were (or were not) accurate.

Answers to Conclusion Questions
6. Light exposure is required for starch formation in green

leaves.

7. Students may suggest factors such as the following: The
plants placed in the sunlight may experience warmer
conditions than the plants placed in darkness. Indirectly,
these plants may also experience more water loss as a
result of this temperature difference. These effects could
be minimized by measuring the temperature variation in
the light conditions and setting up equivalent temperature
variations in the dark conditions.

Answers to Extension Questions
8. A typical hypothesis might be: If plants need sunlight to

perform photosynthesis and make starch, then the leaves
that are exposed to sunlight should show the presence of
starch and the leaves that have been covered with foil
should not. A typical prediction might be: I predict that
the uncovered leaves will show a positive response for
starch and the covered leaves will show a negative
response for starch.

9. Students will observe an image on the leaf, formed as a
result of light being blocked by the dark areas of the
negative and light passing through the lighter areas.

Assessment Options
■ Have the students write up a formal lab report with

answers to Analysis, Conclusions, and Extension questions
to be handed in for marking. 

■ Use Assessment Checklist 2 Laboratory Report. (See
Appendix A.)

Answers to Questions for Comprehension
Student Textbook page 12

Q5. Earth’s land and ocean surfaces absorb 51% of the
incoming radiant energy from the Sun.

Q6. The amount of energy from the Sun that reaches
producers is a tiny fraction of the energy from the Sun
that reaches Earth’s atmosphere.

Materials

■ small test tube 
■ hot plate
■ stopper or stirring rod
■ tweezers (or forceps)
■ water
■ 4 Petri dishes
■ tongs or oven mitts
■ 5 g of cornstarch
■ 400 mL beaker of boiling water
■ 150 mL beaker with 50 mL of hot ethanol in a hot water bath
■ Lugol’s iodine solution (in a dropper bottle or spray bottle)
■ plants with solid green leaves such as geranium (Pelargonium)

or ivy (Hedera)—one plant grown for 4 days exposed to sunlight
or under grow lights, and one plant placed in the dark for 4 days

■ plants with variegated leaves such as Coleus, variegated
geranium (Pelargonium), or spider plant (Chlorophytum)—one
plant grown for 4 days exposed to sunlight or under grow lights,
and one plant placed in the dark for 4 days
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Student Textbook page 13

Q7. Chemosynthesis and photosynthesis are both carried out
by autotrophs. Chemosynthetic micro-organisms use
energy stored in inorganic hydrogen sulfide molecules to
make energy-rich organic molecules. These
chemosynthetic micro-organisms obtain the building
blocks for these organic molecules from carbon dioxide
and water.  Similarly, photosynthetic autotrophs use
carbon dioxide and water to build organic molecules, but
the energy they use to make these molecules is solar
energy. Further, while oxygen is a product of
photosynthesis, chemosynthesis produces sulphuric acid.

Q8. Herbivores are classified as primary consumers because
they are the first (primary) eaters of plants and other
producers.

Q9. Secondary consumers eat primary consumers. Secondary
consumers include carnivores that eat mainly herbivores.
Tertiary consumers eat secondary consumers. Tertiary
consumers include carnivores that eat mainly other
carnivores.

Q10. Decomposers do not directly capture energy from the
Sun or from inorganic molecules; therefore, decomposers
are not producers. Because decomposers consume
organic matter and obtain energy from the energy-rich
molecules within, they are heterotrophic organisms.

Biology File: Web Link
Student Textbook page 13

Canadian deep-sea research is multidisciplinary, including
areas of interest from biology (e.g., biodiversity), ecology
(ecodiversity), geology (plate tectonics), meteorology (e.g., the
role of the ocean in climate change), and oceanography
(which includes aspects of physical, chemical, and biological
studies). Canada is also a world leader in the design and
manufacturing of ocean-exploration technologies, such as
remote submersibles (e.g., ROPOS) and “wearable”
submersibles (the Newt Suit). More recently, partnered with
the U.S. National Science Foundation, Canada is involved in
the Neptune project—an ambitious plan to study the sea-
floor from underwater laboratories in real time.

Answer to Question for Comprehension
Student Textbook page 14

Q11. The first law of thermodynamics states that energy
cannot be created or destroyed. Since organisms cannot
create the energy they need, they must obtain energy
from other sources: sunlight, inorganic chemicals, other
organisms, and organic waste. The second law of
thermodynamics states that with every energy
conversion, there is less energy available to do useful
work. Cellular respiration, for example, is not 100%
efficient: Some of the energy stored in glucose is
converted into heat that disperses into the environment.

As a result, producers are essential to all life on Earth, as
they contribute useable energy to the biosphere via
photosynthesis.

Section 1.1 Review Answers
Student Textbook page 15

1. Light energy and the products of cellular respiration
(carbon dioxide and water) are the inputs of
photosynthesis.  

photosynthesis: 6CO2(g) + 6H2O(l ) + light energy →
C6H12O6(s) + 6O2(g)

carbon dioxide + water + light energy →
carbohydrates + oxygen

The inputs of cellular respiration (carbohydrates and
oxygen) are the products of photosynthesis.

cellular respiration: C6H12O6(s) + 6O2(g) →
6CO2(g) + 6H2O(l ) + energy

carbohydrates + oxygen → carbon dioxide + water + energy

2. Photosynthesis and chemosynthesis are both processes
that producers (autotrophs) use to capture and store
energy. Through photosynthesis, plants, algae, or some
bacteria use energy from the Sun to build energy-rich
organic molecules from carbon dioxide and water.
Through chemosynthesis, thermal vent micro-organisms
use energy from hydrogen sulfide to build energy-rich
organic molecules from carbon dioxide and water. In
addition to organic molecules, photosythesis also produces
oxygen, while chemosynthesis produces sulfuric acid.

3. Like herbivores, plants use cellular respiration to access
the energy stored in glucose.

4. Most of the radiant energy from the Sun that reaches the
biosphere never reaches producers: Clouds, dust particles
in the atmosphere, and water and land at Earth’s surface
reflect 30% of incoming radiant energy; the atmosphere
and clouds absorb 19%; and Earth’s surface absorbs 51%.
Even leaves reflect some sunlight.

5. Producers use photosynthesis or chemosynthesis to
capture energy, and cellular respiration to release stored
energy so that it can be used. Primary consumers obtain
energy by eating producers; secondary consumers, by
eating primary consumers; and tertiary consumers, by
eating secondary consumers. Consumers also use cellular
respiration to release stored energy.

6. The first law of thermodynamics states that energy cannot
be created or destroyed, but it can be transformed from
one form to another, or passed from one object to
another. The second law of thermodynamics states that
with each energy conversion, there is less energy to do
useful work, because some energy is converted into a form
that organisms cannot use, such as heat.

7. The albedo of fresh snow is 80-90%, while the albedo of
water is 25% or less (see page 11 of student text). Forest
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car that burns 30% of its fuel during the trip and loses
another 60% through a leak in the gas tank only has 10%
of its fuel left at the end of the trip to pass on to the next
car. The bucket pass analogy provided in the text (water is
lost from the bucket with each pass) is also a useful
teaching analogy. You may even want to take your class
outside and get them to carry out this analogy. Following
these analogies, BLM 1.2.5 (OH) The Rule of 10 can be
used to show students how the rule of ten affects energy
transfer in a short prairie food chain. Remind students that
the rule of 10 is an oversimplification of the amount of
energy lost in the transfer of energy between members of a
food chain.

■ BLM 1.2.6 (OH) Grizzly Bear: Energy Transfer can be
used to further illustrate the rule of 10. This BLM follows
the passage of 200 kJ of energy from a meal as it is
assimilated by a bear, producing feces, heat as a result of
cellular respiration, and body tissue. In this example, only
3% of the original energy is incorporated into body tissues,
providing a good example of how the rule of 10 is an
approximation. Typically, energy transfer to the next
trophic level is between 5 and 20%.

■ BLM 1.2.7 (OH) Pyramid of Numbers, BLM 1.2.8
(OH) Pyramid of Biomass, and BLM 1.2.9 (OH)
Pyramid of Energy provide examples of the three basic
types of food pyramids (quantitative representations of
food chains) and include their units of measurement:
pyramids of numbers (number of organisms), biomass
(kg), and energy (J or kJ). Examples of inverted pyramids
of numbers and biomass are also provided in these
overheads. A pyramid of energy can never be inverted.
Although it should be clear to students how the values for
a pyramid of numbers and biomass are measured, you may
want to point out that to determine the values for each
level of a pyramid of energy, scientists place samples of
each group of organisms in a calorimeter to determine the
number of calories or Joules (energy) in each step of the
chain. 

■ BLM 1.2.10 (HAND) Ecological Pyramids Question
and Answer Exercise and BLM 1.2.10A (ANS)
Ecological Pyramids Question and Answer Exercise
Answer Key can be used to provide students with extra
practice in understanding the three types of ecological
pyramids.

Answers to Questions for Comprehension
Student Textbook page 16

Q12. Organisms can be identified by how they obtain their
food and what they eat: i.e., as producers, herbivores,
carnivores, and decomposers. Organisms can also be
identified as types of food-makers or food-consumers:
i.e., as producers, primary consumers, secondary
consumers, and tertiary consumers. Finally, organisms
can be identified by their trophic level (feeding level) in
an ecosystem. Organisms at higher trophic levels eat
organisms at lower trophic levels.

Q13. A trophic level is a feeding level through which energy
and matter are transferred in an ecosystem.

Q14. The first trophic level consists of producers. All other
trophic levels consist of consumers. The second trophic
level consists of primary consumers, the third trophic
level consists of secondary consumers, and the fourth
trophic level consists of tertiary consumers. Decomposers
feed at all trophic levels.

Student Textbook page 18

Q15. When an organism consumes a meal, only 5-20% of the
chemical energy available in that meal is incorporated
into the organism’s body tissues. The rest is lost to the
environment as heat produced during cellular respiration
or passes out through waste products. The energy in
waste and heat is not available to the next trophic level,
thus only a small percentage of the original energy is
transferred.

Q16. Since only about 5-20% of the energy available at one
trophic level is transferred to the next trophic level,
eventually there is not enough usable energy to pass on.

Student Textbook page 19

Q17. A pyramid of numbers is upright when the organisms at
higher trophic levels are fewer in number than the
organisms at lower trophic levels. A pyramid of numbers
is inverted when the organisms at higher trophic levels
are greater in number than the organisms at lower
trophic levels. For example, an inverted pyramid of
numbers would be used to depict an ecosystem in which
thousands of plant-eating insects live off one or two
trees.

Biology File: Try This
Student Textbook page 19

The woodland-lake food chains are longer than the Arctic
food chains. The woodland-lake food web is more complex
than the Arctic food web. The overall complexity of food
webs in a tropical rainforest ecosystem would typically be
greater as the level of productivity is higher due to greater
availability of moisture, nutrients, sunlight, and/or heat.

Thought Lab 1.1: Analyzing Energy 
Transfers

Student Textbook page 20

Purpose
Students will use the rule of 10 and the food chains provided
to determine the percentage of the Sun’s energy available to
humans at the end of each food chain.
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Answers to Analysis Questions
1. Student answers should add up to 100% to be correct.

2. Student answers should reflect the following equations:

% of Sun’s energy from 1st trophic level = (% of  energy
from producers in kJ)(0.02)(0.10) = A

% of Sun’s energy from 2nd trophic level = (% of  energy
from primary consumers) (0.02)(0.10)(0.10) = B

% of Sun’s energy from 3rd trophic level = (% of  energy
from secondary consumers) (0.02)(0.10)(0.10)(0.10) = C

% of Sun’s energy from 4th trophic level = (% of  energy
from tertiary consumers) (0.02)(0.10)(0.10)(0.10)(0.10) =
D

Total % of Sun’s energy = A + B + C + D 

Final answers should be given as a percentage.

(Note: Some student answers may also include
decomposers in their food chains)

3. Students who assimilated the largest percentage of the
Sun’s energy will have consumed most of their food from
the first trophic level. Students who assimilated the lowest
percentage of the Sun’s energy will have consumed most
of their food from higher trophic levels.

4. The longest food chains will probably have four or five
trophic levels. Students would assimilate more of the Sun’s
energy if their food chains were shorter, not longer.

Answer to Extension Question
5. A vegetarian-diet would allow more people to be fed

while using less land and water resources.

Assessment Options
■ Collect student Procedure calculations and food web

drawings for marking.
■ Collect student answers to Analysis and Extension

questions for marking. 

Biology File: Web Link
Student Textbook page 24

Research for the Northern River Basins Study was shared by
eight component areas, one of which was traditional
knowledge. Additional information may be found in the
transcript from the third national science meeting of The
Ecological Monitoring and Assessment Network: Traditional
Knowledge Research; Uses, Effects, Applications and Choices
found at http://www.eman-
rese.ca/eman/reports/publications/nm97_abstracts/part-6.htm

Answer to Question for Comprehension
Student Textbook page 24

Q18. A pyramid of energy depicts the total amount of energy
that is transferred through each trophic level. This differs
from a pyramid of numbers, which depicts the total

number of organisms found in each trophic level.
Similarly, it differs from a pyramid of biomass, which
depicts the relative dry mass, in grams per square metre,
of organisms in each trophic level. Unlike a pyramid of
numbers or a pyramid of biomass, a pyramid of energy is
always upright, because there can never be more energy
in a higher trophic level than in a lower trophic level. 

Thought Lab 1.2: Energy Fluctuation in 
an Ecosystem

Student Textbook page 25

Purpose
Students will analyze the food sources of an Arctic species to
figure out what factors might be causing its population to
decline.

Outcomes
■ 20-A1.3s

Advance Preparation

Time Required
1 period

Helpful Tips 
■ Use BLM 1.2.13 (HAND) Thought Lab 1.2: Energy

Fluctuation in an Ecosystem to support this activity.
Remove sections as appropriate to meet the needs of the
students in your class. The answers can be found on 
BLM 1.2.13A (ANS) Thought Lab 1.2: Energy
Fluctuation in an Ecosystem Answer Key.

■ Use BLM 1.2.14 (OH) Stellar Sea Lion Range to show
students the where stellar sea lions are typically found in
the world’s oceans.

Answers to Analysis Questions
1. The higher the energy content of the food, the more

likely that the sea lion will increase in body size.

2. Small, unhealthy sea lions are less likely to produce
healthy offspring, may be less likely to mate, and may be

When to Begin What to Do

1 day before ■ Photocopy BLM 1.2.14 (OH)
Stellar Sea Lion Range if
using as a handout instead
of an overhead.

■ Photocopy BLM 1.2.13
(HAND) Thought Lab 1.2:
Energy Fluctuation in an
Ecosystem
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