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Ecological Pyramids

() How does energy flow through an ecosystem?

Why?

Every organism in an ccosystem is cither eating or being caten. When cows cat 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. 5
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1

1. A unirt used to measure energy is the kcal.
a. What is the source of all energy in the pyramid in Model 1?
= { !
lhe Sun | ¥

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

5,190,000 kcal

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 1z is absorbed by the oak leaves in
Model 12

19,000/3 140,000 x100= ~ 0.87.

6. By what process do the oak leaves harness this energy?

Pl/wﬁ)Sthl Thes'<
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. Describe how the consumers in one level of the pyramid obtain energy from the organisms at the
previous level of the pyramid.

“They 2ot them fo obfain energy—

. Refer to Model 1.

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

l4,[)00 Keal

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

U 000] 26,000 x 100= 19717

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

06 -19.71= ¥Y.3/.
d. With your group, list at least three possible uses and/or products of the energy absorbed by
the oak leaves that did not contribute to the production of biomass.

Irowth, develctment; heat, Movemen -

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

a. Oak leaves to caterpillars (see Question 55).

1,000 [ 25,000 x |00= v 127/

b. Caterpillars to blue jays.

U0/ Uu,000 X100 =~ 2.

¢. Blue jays to hawk.

24 [y10o % [60 = VD]

. Calculate the average percentage of energy 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.

15+12+5 - 32 |2 = w100

. As a group, write a statement that describes the pattern of energy transfer among consumers
within a pyramid of energy.

Moot 107 of energy is
trans fered between cancumers
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9. What percentage of the caterpillars’ original energy is available to the hawk?

0.0/

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

v 1

a1l Explain why an energy pyramid in any ecosystem typically is limited to four or five levels only.

Since only*10' . 4efs PasSed, o Hron

eve| to level, there isn't endrgh eneryy
ava Ha(atbe o Sustain life at fne fop of e Pgrammid i Therg

12. Propose an explanation for why populations of top carnivores, such as hawks, are always smaller Q¢ ”de‘
e

than the populations of herbivores, such as caterpillars. 'fh
. wl “
Becaus? onty V107 of Tine enerzyy gets ’fnnSFé”W/ l fer, s
kes & ot of The revionS leve| £

The P mm;‘d, if 1a
e ;‘jb sustain The N'xf lm“jher level | £ The v
I~€V£['S POVMM?LIIOVW We e 1—0 gm)j ﬂ/;f l-el/elj
pelow [+ yould alSo have fo graw 1n ovder fpi-

read TRiT'€ Nigner levels o 9ot enouql, enerie-.

Each level in the pyramid in Model 1 is a trophic level. The word “trophic” refers to feeding or nutrition.
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.

ﬁmgsj Flowers, bushes pTher trees

14. List at least three other species that might be found in the trophic level with the blue jays.

Qobm S, ShakeS, lpear S, OwlS
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Model 2 — Pyramid of Numbers

Pyramid A Pyramid B
[l 1 hawk J‘ 1 hawk
20 blue jays 20 blue jays
1000 caterpillars 1000 caterpillars
“ 2 oak trees 100,000 oak leaves

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

‘9’(”/‘ Can Ao This e @

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

Yon Can Ao his one, J‘ZfZ)@

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

/lﬂeg are fé{f/ﬁﬂi 72) The Same orgam'sm.'m.e/ leave S
are bart of The tree . Tne difference |§ fna +
g Par B 5 just ﬁcusmg 0N The energy Proding Par - of

“418. Which of the two pyramids in Model 2 gives a more accurate account of what occurs in this 'flqe TV?Q
ecosystem? Use complete sentences to explain your reasoning, ’

Yuvamid A loecanse the free S
fhe organism [Producer) no4

e individual [€AVES:
(v
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Model 3 — Pyramid of Biomass

Pyramid X Pyramid Y
" Hawk (80 g/m?) l-l Heron (20 g/m?)
Blue jays (400 g/m?) Perch (100 g/m?)

Zooplankton (210 g/m?)

Caterpillars (800 g/m?)

Oak trees (11,000 g/m?) l ’ Phytoplankton (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?

11000 9/ m™
20. What is the mass of the phytoplankton in Pyramid Y of Molel 3?
HO0g/m™*
21. Refer to Model 3.

a. Identify the trend in biomass as you move up the trophic levels in Pyramid X. p 5

The bronmsg m Pyr. X decreases as Yov meove V
Tre F trePric level.
b. Is the trend in blomass in Pyramid X the same as seen in Pyramid Y? Explain your answer.

The biomass rmfm/uj increases, put Then |+
decreaseS affer That This IS because The
PKoducers are Vémj Swall + Theréfoe do ho
Read Thist MakKe VP o large b7dmal§s as o whole .

Phytoplankton are microscopic aquatic organisms that are quickly consumed by microscopic animals
(zooplankron). 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.

[t can exist becanse The piomass reproduce ¢ vickly,

Tlﬂf/i/ffo/?_ 77/\&”{ are Ql f New Prsducers Vwmé
e oeS fhat gef eaten Quice Veproduction can Proyide.

ov erz n o —
g\?j Use examples from the previous n'zdcls to exp i 11 the advz%&% using a pyramid omg?y 61 levers
biomass rather than a pyramid of numbers to explam the relationship between different trophic

levels.

EV?@/V?LJ PW&M/&N are mere. (mSi§tan f~
Lo rule)
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Extension Questions
24. What type of organisms are missing from all of the trophic pyramids shown in Models 1-3?

“Tne PyramidS are miss;ng decomposers Tha t helr
(ot e nutvientd bace fo e Producers.

25. Explain why a vegetarian diet is considered a more energy-efficient diet for humans than one

based on beef, chicken or pork.

A vegetriap dief (S considered may{%ﬂ‘%e@j’
eLficient pecanse fhere iS maye Of The
\ N

Kl / a
OY({jlma\ FWJW? T7/'€ Sun —/@t_ ave | lalole f
the Producer level + therefore. Mave
{/‘/V\erg% 1 S Tramfﬁgwga{ +0 ﬂle conSwuryes—

than if You wer< fo wat af ﬁ'iqmr
Wo?lm’c levelS. For LXampI€, i Yeu
Cowmmw/ o Cow for energd-. omy Bl
of The gri9inal enerygyf fran The Sun
YeacheS %m/l. (f Yeu eat Vege fablel.
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