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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
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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
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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
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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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and grass have even lower albedo values (7–18% and
18–25%, respectively). With the loss of snow and ice
cover, which has a high albedo, more of Earth’s surface
will have a low albedo. As the albedo of Earth’s surface
decreases, less incoming radiant energy from the Sun is
reflected by Earth’s surface, and more is absorbed, further
warming the planet and reducing snow and ice cover even
more.

8. As the skunk cabbage carries out cellular respiration and
other reactions, it transfers energy to the environment as
dissipated heat, which melts the snow.

1.2 How Energy is Transferred in the 
Biosphere

Student Textbook pages 16-27

Section Outcomes
Students will:
■ explain the structure of trophic levels in ecosystems
■ explain what happens to energy as it is transferred from

one trophic level to another through the biosphere
■ describe and illustrate the transfer of energy using models

such as food chains and food webs
■ gather and analyze data and information to assess the effect

of organism diversity on an endangered ecosystem

Key Terms
trophic level
food chain
food web
pyramid of numbers
biomass
pyramid of biomass
pyramid of energy

Biology Background
■ It requires seven times more land to sustain a meat-based

diet than a plant-based diet.  The world’s cattle eat the
same amount of food that would feed 8.7 billion people if
humans consumed it directly. Similarly, it is estimated to
take about 43 000 L of water to produce about half a
kilogram of ground beef.

■ Not all aquatic ecosystems exhibit an inversion when
depicted by a pyramid of biomass. Such an inversion
typically occurs when zooplankton consume
phytoplankton as quickly as they can reproduce, so that
their biomass remains low. If a pyramid of biomass is
inverted, a pyramid of numbers will also be inverted (if
scientists engage in the onerous task of counting the
phytoplankton); however, a pyramid of energy for that
ecosystem will be upright. 

Teaching Strategies
■ BLM 1.2.1 (HAND) Terrestrial and Aquatic Food Chains

and BLM 1.2.1A (ANS/OH) Terrestrial and Aquatic Food
Chains Answer Key show the feeding relationships between
the different organisms in a terrestrial and aquatic food chain,
as well as the different terms that are used to indicate feeding
relationships between the organisms. For example, “first
trophic level,” “producer,” and “autotroph” are all terms that
refer to the same organisms. These handouts can be used in
two ways depending on your needs. Using BLM 1.2.1
(HAND) Terrestrial and Aquatic Food Chains, ask
students to fill in the missing terms after reading the text.
Answers are provided on BLM 1.2.1A (ANS/OH)
Terrestrial and Aquatic Food Chains Answer Key, which
can also be used as an overhead teaching tool to teach the
terms directly.

■ Ask the students to name common herbivores, carnivores,
omnivores (bears, pigs, rats, and people), and decomposers,
and then provide other feeding relationship terms that can
also be used for each organism (for example, herbivores
could also be described as heterotrophs feeding at the
second trophic level) to help them become more familiar
with feeding relationship terms. This will also help
students understand that some organisms such as
omnivores and decomposers may feed at more than one
trophic level and will therefore be difficult to categorize.

■ BLM 1.2.2 (OH) Comparing Food Webs in Different
Ecosystems: Woodland-Lake and Arctic provides an
overhead of Figure 1.10 in the text (page 18-19) that can
be used to work through the Try This (page 19) with
students as a class. The Try This asks students to compare
the woodland-lake and Arctic food webs illustrated in the
figure through a series of guiding questions.

■ BLM 1.2.3 (HAND) Food Web Question and Answer
Exercise, BLM 1.2.3A (ANS) Food Web Question and
Answer Exercise Answer Key, and BLM 1.2.4 (HAND)
Create a Food Web Exercise can all be used to provide
students with extra practice in working with and
understanding food webs. BLM 1.2.3 (HAND) Food
Web Question and Answer Exercise specifically focusses
on helping students become familiar with trophic levels in
food webs, while BLM 1.2.4 (HAND) Create a Food
Web Exercise provides a hands-on activity that asks
students to create a food web from various provided
organisms. As an adjunct to this exercise, you may want to
ask students as a class to try to create the longest food web
they can with organisms they are familiar with.

■ Use the second law of thermodynamics, introduced in
Section 1.1, to explain the rule of 10, which students
encounter in the context of how much energy is transferred
from one trophic level to the next. The law expresses the
energy losses that govern food chains, illustrating why
energy is lost at each step of the chain. To help get across
this idea, you may want to provide students with the
analogy of a car relay in which each car races a lap and
then passes its remaining fuel to the next car in the relay. A
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