Use the food web below to answer the questions on the this worksheet
A. With sea otters, kelp forest food web
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Put the organisms into the correct group:

Producers: Consumers:

Herbivores _Carnivores Omnivore

Now place the organism in the correct level of an ecological pyramid:




Level

Names for level




Energy Transfer in Living Organisms

How does energy move through an organism?
Why?

The law of conservation of energy states that energy can be neither created nor destroyed; it can only be
transferred to another form. In living things energy is transferred as organic mateer (molecules of carbohy-
drate, fats, starch, etc.). But does an organism use all of the energy that is provided by the organic matter
available? How is the law of conservation of energy applied to living organisms? '

Model 1 - Food Conversion in a Herbivore

- Biomass increase/day: 0.64 g

| [ceen |

Egested waste/day: 2.4 g
Grass ingested/day: 4.0 g

1. According to Model 1, how many grams of grass does herbivore A eat each day?

2. Refer to Model 1.

a. How much did herbivore A grow from eating this grass?
6. What term is used to represent growth in Model 12

3. What is meant by “egested waste” as it is used in Model 1?

4. Is all of the mass of the ingested grass accounted for in the growth and waste of herbivore A? [£
not, how much is “missing”? Show a mathematical calculation to support your answer,
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{% 5. In addition to growth and waste production, what else does herbivore A’s body do with the food
it ingests?

6. As cells undergo cellular respiration, what products are produced, and how are they released from
the body?

7. Draw an arrow in Model 1 to represent respiration and label it with the appropriate title and

Mass.

Model 2 — Energy Efficiency in Two Organisms

Respiration/day: 0.192 kilocalories Respiration/day: 1.6 kilocaloties
Heat loss/day: Heat loss/day:
0.228 kilocalories 1.4 kilocalories

o |

Herbivore B

& Eoosted waste/day:

: 00 Egested waste/day:
Q_0.33 kilocalories N\ U-25 kilocalories
Grass ingested/day: 0.8 kilocalories Grass ingested/day: 5 kilocalories

8. What unit of energy is used in Model 2?

9. Refer to the encrgy value of the ingested grass in Model 2.
a. What is the energy value of the grass eaten by herbivore A each day?

b. What is the energy value of the prass caten by herbivore B each day?

¢. Which herbivore would you predict to be the larger animal? Explain.
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10. In Model 2, what are the three ways that the energy taken in by the herbivores is used?

11. For each herbivore calculate the total energy output.
4. Herbivore A =

b Herbivore B =

12. Does the total amount of energy output for each herbivore add up to the total amount of energy
eaten by each herbivore?

13. Use the information given in Model 1.

a. What accounts for the differences noted in Question 12?

6. Add labels to Model 2 to show this energy.

Read This!

Biologists often refer to organic matter by the potential energy that is released when the substance under-
goes a chemical change to make carbon dioxide and water. This could occur by burning the organic mat-
ter or by an organism using the organic marrer in cellular respiration.

14. According to Model 1, herbivore A eats 4 g of grass per day. Using Model 2, how much potential
energy does this represent?

15. According to Model 2, how much energy does herbivore A require for cellular respiration each
day?

16. Energy lost as either hear to the environment or egested as waste is not considered to be an
efficient use by the organism. What percentage of the potential energy of the grass is not
efficiently used by herbivore A?

17. What percentage of the potential energy of the grass is not efficiently used by herbivore B?

. Do the herbivores have the same efficiency in using the grass toward useful purposes? Explain in
two or more complete sentences.
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19. Herbivores A and B are eaten by carnivores.

4. Which category of energy related to the organisms in Model 2 is directly available to the car-
nivore who eats the herbivores: grass, respiration, biomass or waste?

4. What percentage of the original “grass energy” is available to the carnivore if it eats herbivore A?
¢. What percentage of the original “grass energy” is available to the carnivore if it eats herbivore B?

20. Which herbivore is the more efficient food choice for the carnivore? Why?
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Ecological Pyramids

How does energy flow through an ecosystem?
Why?

Every organism in an ecosystem is either eating or being caten. When cows eat grass, they obtain some of
the energy that the grass transferred from the sunlight it absorbed. If cows could carry out photosynthe-

sis, would they have access to more energy than they get as herbivores? Which organisms in an ecosystem
require the most energy to sustain life?

Model 1 - Pyramid of Energy

Values in the pyramid are
per square meter per year,

1. A unit used to measure energy is the keal.

a. What is the source of all energy in the pyramid in Model 1?

6. How much energy does this source provide to a square meter of the Earch per year? (Be sure
your answer includes units.)

2. Label the pyramid levels in Model 1 with the following: primary producers, primary consumers,
secondary consumers, and tertiary consumers.

3. The arrows in Model 1 represent the energy available to the next level of the pyramid.

a. What percentage of the source energy from Question 14 is absorbed by the oak leaves in
Model 12

b. By what process do the oak leaves harness this energy?
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4. Describe how the consumers in one level of the pyramid obrain energy from the organisms at the
previous level of the pyramid.

5. Refer to Model 1.

2. How much energy per year do the caterpillars in Model 1 obtain from eating the leaves in a
square meter of the oak tree?

5. What percentage of the energy that was originally absorbed by the oak leaves is passed on to
the caterpillars? .

c. What percentage of the energy absorbed by the oak leaves is not passed on to the caterpillars?

d. With your group, list at least three possible uses and/or products of the energy absorbed by
the oak leaves that did not conribute to the production of biomass.

6. Calculate the percentage of energy that is transferred from one level of the pyramid in Model 1
to another for all of the levels.

4. Oak leaves to caterpillars (see Question 56).
b. Caterpillars to blue jays.
c. Blue jays to hawk.

7. Calculate the average percentage of encrgy that is transferred from one level to another using
your answers in Question 6. Note that this average percentage transfer is similar for many differ-
ent types of energy pyramids in nature.

8. As a group, write a statement that describes the pattern of energy transfer among consumers
within a pyramid of energy.
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9. What percentage of the caterpillars’ original energy is available to the hawl?

10. What percentage of the oak leaves’ original energy is available to the hawk?

11, Explain why an energy pyramid in any ecosystem typically is limited to four or five levels only.

12. Propose an explanation for why populations of top carnivores, such as hawks, are always smaller
than the populations of herbivores, such as caterpillars.

Read This!

Each level in the pyramid in Medel 1 is a trophic level. The word “trophic” refers to feeding or nurrition.
Model 1 shows one example of one organism that would be included in each level, but each level in an
ecosystem includes many species of organisms.

13. List at least three other species that might be found in the trophic level with the oak trees.

14. List at least three other species that might be found in the trophic level with the blue jays.
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Model 2 — Pyramid of Numbers

Pyramid A Pyramid B
ﬂ 1 hawk “ 1 hawk
20 blue jays | 20 blue jays
1000 caterpillars 1000 caterpillars
U 2 pak trees 100,000 oak leaves

15. Compare and contrast the two pyramids in Model 2. List at least two similarities and two
differences.

16. How does the number of organisms change as you move up the levels in Pyramid A compared to
Pyramid B? '

17. Are the “producers” levels in the two pyramids in Model 2 referring to the same organisms or
different organisms? Explain.

%18. Which of the two pyramids in Model 2 gives a more accurate account of what occurs in this
ccosystem? Use complete sentences to explain your reasoning.
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Model 3 — Pyramid of Biomass

Pyramid X Pyramid Y
H Havwk (80 g/m?) ﬂ Heron (20 g/m?)
Blue jays {400 g/m?) Perch (100 g/m?)
Caterpillars (800 g/m?) Zooplankton (210 g/m?)
Ozk trees (11,000 g/m?) . Phytoplankron (40 g/m?}

19. Biomass is measured as grams of dry mass within an area. What is the mass of the oak trees in
Pyramid X of Model 3?

20. What is the mass of the phytoplankton in Pyramid Y of Model 32

21. Refer to Model 3.

#. Identify the trend in biomass as you move up the trophic levels in Pytamid X

6. Is the trend in biomass in Pyramid X the same as seen in Pyramid ¥? Explain your answer,

Read This!

Phytoplankton are microscopic aquatic organisms that are quickly consumed by microscopic animals

(zooplankton). Because they are eaten so quickly there is a need for the phytoplankton to reproduce
rapidly for survival.

22. Explain why the Pyramid Y ecosystem can exist with a smaller biomass at the producer level.

%23. Use examples from the previous models to explain the advantage of using a pyramid of energy or

biomass rather than a pyramid of numbers to explain the relationship between different trophic
levels.
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