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TEACHER GUIDE
TO HARVEST A WALLEYE

by Susan Leach, Gabrisie Reil and Rosanne W. Fortner

Ohio Sea Grant Education Program

OVERVIEW

This inveshigaton is designed to miroduce basic ecclogical relatonships in a iake commumty, using tha Lake Ene 'ood chain involving
dlgae. gizzard shad. walleye and man as an example The first activily 15 a board game in 1he form of a tiomass pyramid, with aach of
these orgamisms on a successively tigher pyramid fevel Beginmng with 1.000 kg of algase. stugents move playing pieces through the pyramid
leveis. encountering environmenlal factors which ncrease or decrease the amount of biomass they have The obsect of the game 1s 1o reach

the "Harvast wilh at lgast one hiogram of walleye

In follow-up aciwibes the ecological pyramd concept 1§ extended to tand and geean communities end the implcabons of energy loss
betwaen iavels are discussed The nveshgahan conchudes with the construchion of a complete feod web.

PREREQUISITE STUDENT BACKQGROUND

Basw mathemalcal skils addition, subtraction, multiphication and
dision by 10 and 2

MATERIALS

“To Harvest A Walleye” Game Board, spinner, and Productivity
Cards, all constructed from patterns n this guide; place marker
tokens (bullons — one per student), record sheets (in Siudent
Guide), paper clip, paper fastener. Activily B Worksheels

OBJECTIVES

1 Discuss the meaning of the following ierms as thay relate
lo a momass pyramid  producer, herbivore, 15t order
carnivore, 2nd order carnivore

2 Calcuiale the reiative number of kilograms at each level
of the nomass pyrarmd i @ given environmant

3 Describe how differant conditions in the envronmeant af-
fect the pyramid

4 Compare the biomass pyramids of lake, land and ocean
anvironmants

5 Describe how orgamsms are related to each other in a
tood web

SUGQESTED APPROACH

Activity A 15 designed for groups of 2-4 players, each group with
a sab of game matenals For Actvibes B and C siudents can work
by themselves or i small graups Some teacher gusdance may be
necessary here You may wanl 10 diSCUSS answers to certan
questions
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ACTIVITY A: WHO CAN HARVEST A WALLEYE?

Kaywords: producer. harbivore. $5t order camivore,
2rvd order camivore, jost enargy, bio-
mass pyramid {also called 8 food pyra-
mid o enefgy pyrarmd)

Lake Erie is an example of a natural community.
in this community the small organisms (jiving things)
outnumber the large arganisms. The smaller orga-
nisms are eaten by the targer ones. If we count all
the organisms of one kind, then count ali the things
they eat and all the things that eat them, we can
draw & pyramid of numbers that will also show who
eats what.

in the “Walleye Game™ there are four levels 1o the
pyramid. The largest jevel is that of aigae, the tiny
water plants that produce food by photosynthesis.
The other levets are all consumers which cannot make
thew own food. Gizzard shad are small fish that eat
algne. Because they are piant eaters, scientists call
them herbivores. The walieye is a larger fish. There
are fewer walleyes than gizzard shad, so the walleye
level is smailer. Walleyes eat herbivores, so scientists
say that walleyes are first-order _carnivores. The of-
genism that eats the first-order carnivore (a person,
in thie game) is called a second-order_carnivore.

/ ges \} %

M_ATERIALS: Walleye Game Board, Productivity Cards,
Biomass Record (3G p- B). markers (buttons), spinner,
pencil of pen.

PROCEDURE

This game shows how factors affecting lower parts
of the food chain can affect higher levels as weil
The pyramid in this game is a biomass type because
it is based on the weight of the organisms in kilograms.

The object of this game is to end at the block
labeled ‘"Harvest’ with at least one kilogram of fish,
vou will keep track of kilograms of organisms on the
“Biomass Record.” The game is hest played by 24
individuals.

1 Before playing the game, read through the
game board and Productivity Cards to pick
out any words that are new to you. Look up
the words in the Glossary on page 12.

2. Begin at block one with 1,000 kg of algae.
Record this amount in the “Praducers™ col-
umn of the Biomass record. Spin the spinner
to see who moves first. The player with the
highest number will move first. Play then goes
around the board to the left.

3 Move through each level of the pyramid by
moving your marker the number of spaces
shown on the spinner. Change your number
of kilograms as the board directs. Record the
new number of kg on your Biomass Record
sach time the mass changes.

4. Sorme sections of the board require you to
divide the mass of the organisms by some
number. Drop any fractions that you get in
your answers.

5. At the end of each level, it is assumed that
all organisms are captured by organisms ol
the next level. You must change columns on
the Biomass Record and divide by 10 when-
ever you pass the aigae of figh pictures, even
if you don't land on them.

_If at any time you have fess than 1 kg left.
you must return to block 1 and begin agam.

L]

7. The winner of the game is the first player 10
land at the triangle labeled viHarvest” with 1
kg of walleye. You must spin the exact num-
ber to land on “Harvest.”



8 At the end of the game compare results on
your Blomass Record with those of the other
players. Compare the kg of biomass that you
had at the beginning of each level ot the
pyramid.

9. List on your worksheet some of the things
that happened 10 your organisms and how
they affected your populations as you pro-
gressed through the game.

ACTIVITY B: WHAT DOES A BIOMASS PYRAMID TELL US?

Although the resulls of the game depended on the
luck of the spinner and the “Productivity Cards, ™ many
of the minor and major disasters described on the
cards and on the game board actually are happening
ot have happened in Lake tne. For example, on
November 3, 1977, a power plant on Lake Erie killed
aver 600.000 fish by impingernent. Most of these were
gizzard shad.

At each level of a biomass pyramid energy is lost
or "wasted.” This is energy that cannot be passed
on as food trom level 1o level Losl energy is one
reason why it takes so much algae for so few gizzard
shad and even fewer walleyes.

Camnivore
Bass 10 kg

Aboul 40% of the energy of algae 1§ lost through
respiring. growing, teproducing and waste removal.
Seventy-five percent of the energy of herbivores is
jost through eating, respirng. waste removal, molting.
growing and reproducing. First order camivores
Swaste” 55% of their energy in their normal body
activities. Because of this, much less energy is avait-
able for producing biomass. Theretore, much less
biomass snds up at the top of a pyramid.

PROCEDURE
Use the following biomass pyramids to answer ques-

tions 1-3 below.

1. Count and compare the number of levels in
the three pyramids. Remember, mare levels
mean more lost energy.

T1 Lake# laveis, Ocean-5 levels, Fiaki-3 javels.

18t order

'

15t order
Carnivore

Man 100 kg

Herbivore
Cow 1000 kg

Carni 18t order
W a“rnlvore Carnivore
10 oakeye Anchovies
9 100 kg
Herbivore Herbivore
Gizzard Shad Fairy Shnmp
1000 kg * 1000 kg
Producer
Ngae @ Pl':?ucel'
10,000 % gae
¢ 10,000 kg

LAKE OCEAN




2. Which pyramid provides people with the most
tood?

T2 The field pyramig provided the most foed for
people since food from lower levels of the
pyramid is being ulilized.

“Qcean’ 15 not acceplable as an answer here.
Since this is the taliest pyramid students tend
to think 1hat this provides the most food. They
forget that more levels means more lost food
energy. This pyramid does not nclude people.
It is an example of the many food pyramids

that do not involve people.

3. What might be a way of increasing the num-
ber of kilograms that people could harvest
from lakes and oceans?

T 3. Increasing the number of producers and/or har-
vesting lower on the pyramid would increase
available kg of food. Siudents may have other
ideas that are correct.

A biomass pyramid is not just a way of showing
who eats what and how much they eat It is also a
simpie way of showing how different parts of an
ecosystem are related.

4. Try and fill in on your worksheet some species
of plants and animals that would fit the food
pyramids below.

Cows
10 Ka

Corn Field
100 kg Corn

FIELD

Squirrels
10 kg Total

Atorns
loo Ka

FOREST

Put in the amounts of each species in kilograms
that would be needed to keep each level going.
Assumne only 1/10 of the biomass can be fransferred
from one level to another.

T 4. The field pyramid might be completed with pigs
or cows. 10 kg, and people, 1 kg, or wih
squirrels. 10 kg, and bobcat, 1 kg. The forest
pyramid might be completed with nuts or acoms.
100 &g, and people, 1 kg. This question is an
open one, and any organisms within reason
shauld be accepted.

5. In Space 5 on your worksheet make up two
food pyramids that you are in, based on a
lettuce salad (one pyramid) and hamburgers
from cattle {the second pyramid). {et each
pyramid begin with 10 kg of producer.

T5. The two pyrarmds ought to read from the bot-
tom up: lettuce {10 kg), peopie {1 kg), and
grass {10 kg), catite {hamburger) 1 kg: people
(110 kg).

NOTE: Students atten insert hamburgers as a sep-
arale level, nol reakzing that they come from
caltle. Also, the math seems fo confuse
some sludenis. who mulhply instead of di-
vide by 10




. If you start with equal amounts of producers
in these pyramids (10 kg) and you keep only
1/10 of the energy going from each level to
the next one above it, how much biomass is
available to you from the hamburger?

T 6. 1/10 kg Again, watch the math. The question
asks how much biomass is awailable to the
studant, nol how much is in the hamburger.

. To have a meal that provided 1 kg of lettuce
biomass, you would have to eat 1 kg of
producer (the lettuce). ¥ you ate 1 kg of
hamburger, how many kg of producer would
you be eating indirectly?

T7 10 kg.

. Which foods are usually more expensive, meat
or plant products?

T8 Meals are usually higher priced.

. A biomass pyramid is aiso an energy pyramid.
Based on your answers to questions 4 and
5, does it make more sense to get your
energy from eating organisms on low levels
of a pyramid or from eating those on higher
levels?

T 9. Low levels, because very little anergy has been
“wasted” on life processes. {Lower levels are
generally less expensive, tno.}

10. Look back at the Walleye Game. if you had

to recommend a kind of fish for someone
to eat that caused the least amount of en-
ergy to be wasted, which would it be?

T 10. Gizzard shad, as it s the lowest fish on the
pyramid.

11. You are stuck on a desert island with nothing
on it except for three chickens and a big
sack of corn. What would you do in order
to get the most foed energy? Give reasons.
(Remember, chickens are higher on the pyr-
amid than cormn.}

T 11. The students ought to answer that they woukd
eat the chickens and then the com, since
feeding corn to the chickens would waste
energy. Some answers to this question can
become quite alaborate. Be flexible in ac-
ceapting sludent icteas.

Gizzard shad are low on the Great Lakes food
pyramid. Today shad are used for oil and animal
protein meal which is often fed 1o fivestock. This
wastes energy from two pyramids — the shad ang
the cow! if we used them directly, much less energy
would be wasted in reaching the top of the pyramid.
Some ways that shad could be prepared for use as
hurman food might be as fish sticks, fish cakes, or a
smoked product like herring or sardines.

Lake Erie isn't the only place where food is wasted
because we eat "'high" on the pyramid. The oceans
produce much food that people never use. We boil
kelp to get gelatin for things like ice cream but there
are many more low level pyramid foods that we can
eat.

12. Look at the food web shown and see if you
can find anything that people could eat. List
what you find.

F 12. All the plants and animals can be eaten.




Algae

Sperm Whale

How do people decide what they are going to
eat? Ask your students. Some possibie ways include
the avadability of the food — strawberries in seasen,
for example Other pecple will choose foods becausa
they loak good, smell good, or they cost a lot and
therefore must be good! On the other hand, foods
may be avoided simply because the indivigual parts
are not recognizable {as in a guiche or casserole),
or because people have heard something about the
food that ndicaled it was nol good. Maybe the
animal it came from is ugly or 15 ong thal people
ordinarily don'l eat.

One orgarism in this lasi category 1s the sheeps-
head. or freshwater drum. The name sheepshead,
as much as any other factor, has probably preventad
some people from using 1his fish as food. As the
Walleye Game has indicated, the relative abundance
of the organisms on |ower pyramid levels makes
them attractive as a source of human food. Com-
mercial shore seiners i Sandusky Bay can collect
a0 tons of drumm :n one haul, according lo 1he Ohio
Diasion of Wildife Most ol the drum found in com-
mercial nets are discarded as trash fish Few people
realize thal proper preparation can proguce a tasty
fillet Ohio Sea Grant has explored ways 1o deveiop
markets and marketing methods for the drum and
ather underutrized species (including gizzard shad)
ac human food Those who look to the oceans as
the source of food for the future would do well to
ook to tre lakes also!




ACTIVITY C: WHAT IS A FOOD WEB?

Kaywords: food pyramid, tood web

A food pyramid is a very simple way of looking at
a bigger picture called a fcod web. A food web is
made up of ail the different plants and animals that
have an effect on one another by their feeding habits.
A group of food pyramids meshed together make a
food web.

PROCEDURE

On your worksheet is a model of a food
web that you might find in the ocean.  On it, draw
arrows from the organisms that are being eaten to
the ones that are eating. Remember that organisms
on higher levels eat those on the lower levels. For
instance, squid eat shrimp and anchovies, so you
would draw arrows from the shrimp and the anchovies
pointing to the squid. Since shrimp eat algae you
would draw an arrow from the algae to the shrimp.
You may use your own judgment about who eats
what. Sizes of the organisms and their positions in
the food chain should provide clues. The foed chain
position given for each carnivore is the most common
one for that organism. It doesn't mean that the animal
can only eat organisms immediately below it. Some
animats which are scavengers can eat organisms from
all levels of the chain.

There are many correct answers to this activity,

This last activity builds on Aclivity B by having
the students draw lines between organisms that are
in the same food pyramid. Since most animais eat
maore than one thing, a network of lines like a spider’s
web will result. A sample of possible connections
is shown on page 8. Since there are severat species
of most of the orgamisms shown, many different
wahs are possible. As the Student Guide states,
there are no absolutely correct answers

Emphasize to the students that such a web is
hke a complex food pyramid. i cne part is removed
the whole system will be out of balance.

REVIEW QUESTIONS

1. List the two kinds of organisms represented in a
pyramid,

R t. Producers and cansumers, or plants and
animals.

2. Which levels of a pyramid have the least energy
available?

A 2. The higher levels have energy that has passed
through several levels, decreasing at each level.
Hence, they have lost the most energy and
have the least available.

3. f the herbivores were taken out of a food pyramid
by a disaster, what would happen to the pro-
ducers? The carnivores? Use your own food web
as an example if you want.

R 3. The producers would have a population explo-
sion, use up all available nutrents, and dke.
The carnivores would starve since they cannot
eat the producers. Many sludents angwer: " They
die.” Have the students elaborate on and give
reasons for their answers.

THINK IT OYER

If peopie harvested all the carnivores in a food
chain, what would happen?

Is it a good idea to harvest all the carnivores?

Carnivores hold down populahons of herbivores.
Without this population check, herbivores would have
a population expiosion and eat themselves out of
food Then they wouid starve.

NOTE: For answers to questions 3 and “Think It
Cwver,” iry to have the students make up
several scenarios as examples. Accept all
of tham and then have the students decide
which are most true to life.




Size of a crow. Eats dead
animals on shore and live

fish.
is
Third Order
Carnivores
Up to two meters long
Second Order
Carnivores
Sea Bass ~
Size of a saucer. Eats anything
dead on shore.
First Order
Camivores
Crab
Small animal 2-5 cm long.
Herbivores
Shrimp
Large seaweed dozens of meters
Producers

Bigger than a Greyhound bus.

Sperm Whale

Many sizes: 20cm to 3m long.

Sardine size (il comes on pizza).

p g~

7 Anchovy

Size of a man's thumb.

P

Mussel

Microscopic plants.

&
58

Algae



EXTENSIONS

The Pete Seeger song entitled “The People Are
Scratching” deals with the problem of removing or-
ganisms from the food web. Words and music are
reprinted here. The song 18 on an album called God
Bless The Grass {Columbus #CL 2432).

You may wish to play or have students sing the
song and answer the questions. This would help to
reinforce the importance of each link in a food chain.

THE PEOPLE ARE SCRATCHING
by Erie Marrs, Harold Martin and Pete Seeger

Come fill up your glasses — set yourself down
I'll tell you a story of somebody’'s town

It isn't too near and it's not far away,

It's not a place where I'd want to stay.

The people are scratching all over the sireet
Because the rabbits had nothing to eat.

The winter came in with a cold icy blast

it killed off the flowers and killed off the grass.
The rabbits were starving because of the freeze;
They started eating all the bark on the trees.

(Chorus)

The farmers said, *'This sorta thing won't do;
Qur trees will be dead when the rabbits get through.
We'll have t¢ poison the rabbits — it's clear
-Or we'll have no crops to harvest next year.

(Chorus)

Now up in the sky there were meat-eating fowl,
The dead rabbits poisoned the hawks and the owls
Thousands of field mice the hawks used to chase
Started muitiplying all over the place.

{Chorus)

The fields and meadows were barren and brown:
The mice got hungry and moved into town.

The city folks took the farmer's advice.

And all of them started to poison the mice.

(Chorus)

There were dead mice in all the apartments and flate
The cats ate the mice and the mice killed the cats
The smell was awful — and I'm glad to say

I wasn't the man hired to haul 'em away.

(Chorus)

Well all through the country and ail through the towr
There wasn't a dog or a cat to be found.

The fleas asked each other, "Now where can wi
stay?"

They've been on the people from then till this day.

(Chorus)

So all you small creatures that live in this land
Stay clear of the man with the poisonous hand.

A few bales of hay might keep you alive;

But he'll pay more 1o kill ya than to let you survive

(Chorus) (Chorus)
So they bought the poison — and spread it around
And soon dead rabbits began to be found.
The dogs ate the rabbits and the farmers just said
“We'll poison those rabbits till the last dog is dead.”
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Copyright 1963 by FALL RIVER MUSIC INC. All
rights reserved. Used by permission.



Interpreting the song:

1. What is making the people scratch?

2. What natural factor was responsible for start-
ing all the problems described in this song?

3. In the space below, diagram the food web
that the song describes.

A. Put an X on the names of animals that
the pecople poisoned on purpose.

B. Circle alt the other animals that died from
eating the X animals.

4. What is meant by the last line of the song?

10
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EVALUATION ITEMS

1. A plant is eaten by a herbivore, and the herbivore
i5 eaten by carnivore. This set of relatronships is
called:

A. A menu.

B. An eating cycle,
*C. A food chain.
D. A food web.

2. How is energy "wasted” by the different levels
of a biomass pyramid?

A. Breathing and respiration.

B. Eating and excreting wastes.
C. Growing and reproducing.
*D. All of the above.

3. If this structure represents a biomass pyramid,

how much of the biomass of a is available to be
used by the organisms of b?

A 15 A

D.1/2



4. Which biomass pyramid would be more efficient
at providing peaple with food? (NOTE: People are

at the top of each pyramid.)
‘D. EE

A B. C.

J—

5. In harvesting a walleye from Lake Erie, which of
the following is a correct focd chain?

*A. Algae —> gizzard shad —» walleye —¥ person

B. Seaweed — minnows — carp —» walleye —»
person

C. Carp —>» algae —> walleye —» person

D. Water plants — walleye — person

6. In order to feed more people, we should try
harvesting:

*A. Plants and animals that are lower in food chains.
8. More meat and fewer vegetables to eat.

C. More sheep and fewer cows.

D. As many walleyes as possible.

11

7. Why is there less energy available to top carni-
vores than to lower order consumers?

*A. Energy is "wasted" by bady processes of the
lower organisms.

B. Top carnivares can't eat as much as herbivores.

C. Top carnivores do not need as much energy
to live.

D. There are too many top carnivores.

8. In the biomass pyramid shown, how many kg of

producers are needed to support 1 kg of man?

A 10
*B. 100
C. 1,000
D. 10,000

9. Where do humans usually fit into a biomass
pyramid?

*A. At the top.
B. In the middle.
C. At the bottom.

10. What is a group of food chains stuck together
catied?

A. Eutrophication.
*B. A food web.

C. Productivity.

D. An environment.



GLOSSARY

10.

11.

12.

13.

14

15.

. algae bloom:

. breeding ground:

carnivore;

entrain:

gutrophication:

feod chain:
herbicide:
herbivore:

impinge:

tandfill:

nutrients:

organism:
praducer:
productivity:

thermal pollution:

situation in which algae have multiplied very rapidly.
place where organisms reproduce.
animal which eats animals.

to suck fish up into water intake valves from industry. (Such fish are killed
by temperature and pressure changes and physical abrasion.)

the natural aging process of a lake during which the lake becomes shallower
and shallower and warmer and warmer, finally becoming a marshland, and
then dry land.

sequence in which organisms eat and are eaten by other organisms.

a chemical that kills plants.

animal which eats plants.

to suck fish up against industrial intake sieves and hold them there, causing
suffocation.

porticn of lake which is diked and filled with gravel, scil, garbage. etc.,
to make more land area.

chemicals needed by plants and animals — fertitizers (potassium, phos-
phorus, nitrogen).

any hving thing.
plant which performs photosynthesis and forms the base of the food chain.
a measure of the rate of production.

hot water.

12



Walleye Game Construction

The game board should lock like this when finished.

A
TN
[

-
5/ \
=/ \

[ \

Cut out the spinner and paste it on a piece of cardboard. You will need

a paper clip and a paper fastener to assemble as shown.

4 | &




Eutrophication speeds up in the Pollution from the Cuyahoga River
Western Basin of lake. Lack of enters the lake. Lose 100 kg
oxygen kills all but 100 kg. organisms.

Tanker grounds on shoal dumping

ORGANISMS DOUBLE !! sulfuric acid. Lose 100 kg.

Sewage treatment plant opened with
better cleaning equipment. Lower

. . . n i level
Oil spill. Lose all organisms. Go utrient levels result because there

back to block 1; begin with 1,000
kg algae.

is less sewage pollution. Lose 50 kg.




Land fill. Breeding grounds are
destroyed. Lose all organisms. Go
back to block 1 and begin with
1,000 kg algae.

Grass carp (herbivorous fish from
another food chain) are introduced

into Lake Erie. They eat } your algae.

Save this card until you need it.
Coast Cuard saves the day and
cleans up the oil spill. You lose

only ¥ your algae.

Algae that died in another bloom
start to decay and release nutrients
into the water. Add 50 kg.

Army Corps of Engineers stops
dumping dredging spoils into the
lake. Add 50 kg.

A power plant dumps hot
water killing all except blue~green
algae, Lose 200 kg.
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To Harvest A Walleye

Susan Leach, Gabriele Reil and Rosanne W. Fortner

INTRODUCTION

A walleye is a large, good-tasting fish that is also a good fighter when it is caught Because of these
characteristics, the walleye is a favorite of fishermen. In 1982, fishermen caught over 3,000,000 walleye in Lake

Erie.

Lake Erie is considered by many to be the best walleye lake in North America. What does it take for a lake
to preduce a walleye? Why can't we catch as many walleyes in Lake Erie as we can some smaller fish?

OBJECTIVES: When you have completed these activities, you will be able to:

1. Discuss the meaning of the following terms as they relate to a biomass pyramid: producer, herbivore,

1st order carnivare, 2nd order camivore.

2. Calculate the relative number of kilograms at each level of the biomass pyramid in a given environment.

3. Describe how different conditions in the environment affect the pyramid.

4. Compare the biomass pyramids of lake, land and ocean environments.

5. Describe how organisms are reiated to each other in a food web.

ACTIVITY A: WHO CAN HARVEST A WALLEYE?

Lake Erie is an example of a natural community.
In this community the small organisms (living things)
outnumber the large organisms. The smaller orga-
nisms are eaten by the larger ones. If we count all
the organisms of one kind, then count all the things
they eat and all the things that eat them, we can
draw a pyramid of numbers that wili also show who
eats what.

In the "Walleye Game"' there are four levels to the
pyramid. The largest level is that of algae, the tiny
water plants that produce food by photosynthesis.
The other levels are all consumers which cannot make
their own food. Gizzard shad are small fish that eat
algae. Because they are plant eaters, scientists cai
them herbivores. The walleye is a larger fish. There
are fewer walleyes than gizzard shad, sc the walleye
level is smatler. Watleyes eat herbivores, so scientists
say that walleyes are first-order carnivores. The or-
ganism that eats the first-order camivore (a person,
in this game) is called a second-order carnivore.

walleye ’

consumers

gizzard shad

\
/]

producers

MATERIALS: Waileye Game Board, Productivity Cards,
Biomass Record (page B), markers (buttons), spinner,
pencil or pen.



PROCEDURE

This game shows how factors affecting lower parts
of the food chain can affect higher levels as well.
The pyramid in this game is a biomags type because
it is based on the weight of the organisms in kilagrams.

The object of this game is to end at the block
labeled “"Harvest’” with at least one kilogram of fish.
You will keep track of kilograms of organisms on the
“Biomass Record.” The game is best piayed by 2-4
individuals.

{. Before playing the game, read through the
game board and Productivity Cards to pick
out any words that are new to you. Look up
the words in the Glossary on page 7 .

2. Begin at block one with 1,000 kg of algae.
Record this amount in the “Producers™ cok-
umn of the Biomass record. Spin the spinner
to see who moves first. The player with the
highest number will move first. Piay then goes
around the board to the left.

3. Move through each leve! of the pyramid by
moving your marker the number of spaces
shown on the spinner. Change your number
of kilograms as the board directs. Record the
new number of kg on your Biomass Record
each time the mass changes.

WALLEYE

. gome sections of the board reqguire you to

divide the mass of the organisms by some
number. Drop any fractions that you get in
your answers,

At the end of each jfevel, it is assumed that

alt organisms are captured by organisms of
the next levet. You must change columns on
the Biomass Record and divide by 10 when-
aver you pass the algae or fish pictures, even
it you don't land on them.

_If at any time you have less than 1 kg left,

you must return to block 1 and begin again.

 The winner of the game is the first player to

land at the triangle labeled “Harvest' with 1
kg of walleye. You must spin the exact num-
per to land on "Harvest.”

_ At the end of the game compare results on

your Biomass Record with those of the other
players. Compare the kg of biomass that you
had at the beginning of each level of the
pyramid.

. List on your worksheet some of the things

that happened 1o your organisms and how
they affected your populations as you pro-
gressed through the game.

Stizostedion vitreum vitreum (Mitchill}




ACTIVITY B: WHAT DOES A BIOMASS PYRAMID TELL US?

Although the results of the game depended on the
luck of the spinner and the “‘Productivity Cards,” many
of the minor and major disasters described on the
cards and on the game board actually are happening
ar have happened in Lake Erie. For example, on
November 3, 1977, a power plant on Lake Erie killed
over 600,000 fish by impingement. Most of these were
gizzard shad.

At each level of a biomass pyramid energy is lost
or “wasted.” This is energy that cannot be passed
on as food from tevel to level Lost energy is one
reason why it takes so much algae for so few gizzard
shad and even fewer walleyes.

About 40% of the energy of algae is lost through
respirng, growing, reproducing and waste removal.
Seventy-five percent of the energy of herbivores is
lost through eating, respiring, waste removal, molting,
growing and reproducing. First order carpivores
“waste'' 55% of their energy in their narmal body
activities. Because of this, much less energy is avail
able for producing biomass. Therefore, much less
biomass ends up at the top of a pyramid.

Camivore

PROCEDURE

Use the following biomass pyramids to answer ques-
tions 1.3 below.

1. Count and compare the number of levels in
the \hree pyramids. Remember, mere levels
mean more lost energy.

2. Which pyramid provides people with the mast
food?

3. What might be a way of increasing the aum-
ber of kilograms that people could harvest
from lakes and oceans?

1st order
Carnivore
Walleye

1st ordar
Carnivore
Anchovies
100 kg

'

1st order
Carnivore

Herbivore Herbivore
Gizzard Shad Fairy Shrimp
1000 kg ‘( 1000 kg

Man 100 kg

Harbivore
Cow 1000 kg

G,
V=T

Producer
Algae Pr:ducer
10.000kg @ 10 oé;%asg
FIELD
LAKE




A piomass pyramid is not just a way of showing
who eats what and how much they eat. It is also a
simple way of showing how different parts of an
ecosystem are related.

4. Try and fitl in on your worksheet some species
of plants and animals that would fit the food
pyramids below.

Put in the amounts of each species in kilograms
that would be needed to keep each level going.
Assume only 1/10 of the biomass can be transferred
from one level to another.

Corn Field
100 kg Comn

FIELD

Sauirrels
10 kg Total

FOREST

5. in Space 5 on your worksheet make up two

food pyramids that you are in. based on a
letiuce salad {one pyramid) and hamburgers
from cattle (the second pyramid). Let each
pyramid begin with 10 kg of producer.

. If you start with equal amounts of producers

in these pyramids {10 kg) and you keep only
1110 of the energy going from each level to
the next one above it, how much biomass is
available to you from the hamburger?

. To have a meal that provided 1 kg of lettuce

biomass, you would have to eat 1 kg of
producer (the lettuce). If you ate 1 kg of
hamburger, how many kg of producer wouid
you be eating indirectly?

8. Which foods are usually more expensive, meat

or plant products?

. A biomass pyramid is also an energy pyramid.

Based on your answers to questions 4 and
5, does it make more sense to get your
energy from eating organisms on low levels
of a pyramid or from eating those on higher
levels?

10. Look back at the Walleye Game. If you had

to recommend a kind of fish for someone
to eat that caused the least amount of en-
ergy to be wasted, which would it be?



- You are stuck on a desert istand with nothing
on it except for three chickens and a big
sack of corn. What would you do in order
10 get the most food energy? Give reasons.
(Remember, chickens are higher on the pyr-
amid than corn.)

Gizzard shad are low on the Great Lakes food
pyramid. Today shad are used for ol and animal
protein meal which is often fed te livestock. This
wastes energy from two pyramids — the shad and
the cow! If we used them directly, much less energy
would be wasted in reaching the top of the pyramid.
Some ways that shad could be prepared for use as
human food might be as fish sticks, fish cakes, or a
smoked product like herring or sardines.

Lake Erie isn't the only place where food is wasted
because we eat “'high” on the pyramid. The oceans
produce much food that people never use. We boll
kelp to get gelatin for things like ice cream but there
are many more low level pyramid foods that we can
eat.

12. Look at the tood web shown and see if you
can find anything that people could eat. List
what you find.

Sperm Whale




ACTIVITY C: WHAT IS A FOOD WEB?

A food pyramid is & very simple way of looking at
a bigger picture called a tood web. A food web is
made up of all the different plants and animals that
have an effect on one another by their feeding habits.
A group of food pyramids meshed together make a
food web.

PROCEDURE

On  your worksheet is a model of a food
web that you might find in the ocean.  On it, draw
arrows from the organisms that are being eaten 1o
the ones that are eating. Remember that organisms
on higher levels eat those on the lower levels. For
instance, squid eat shrimp and anchovies, so0 you
would draw arrows from the shnmp and the anchovies
pointing to the squid. Since shrimp eat algae you
would draw an arrow from the algae to the shrimp.
You may use your own judgment about who eats
what. Sizes of the organisms and their positions in
the food chain sholld provide clues. The food chain
position given for each carnivore is the most common
one for that organism. It doesn’t mean that the animal
can only eat organisms immediately below it. Some
animals which are scavengers can eat organisms from
all levels of the chain.

There are many correct answers to this activity.

REVIEW QUESTIONS

1. List the two kinds of organisms represented in a

pyramid.

. Which levels of a pyramid have the least energy

available?

. i the herbivares were taken out of a food pyramid

by a disaster, what would happen to the pro-
ducers? The carnivores? Use your own food web
as an example if you want.

THINK IT OVER

if people harvested all the carnivores in a food
chain, what would happen?

Is it a good idea to harvest all the carnivores?



GLOSSARY

10.

11

12.

13.

15.

. algae bloom:

. breeding ground:

carnivore:

entrain:

eutrophication;

. food chain:

herbicide:
herbivore:

impinge:

landfill:

nutrients:

organism:

producer:

. productivity:

thermal pollution:

situation in which algae have multiplied very rapidly.
place where organisms reproduce,
animal which eats animals.

to suck fish up into water intake valves from industry. (Such fish are killed
by temperature and pressure changes and physical abrasion.}

the natural aging process of a lake during which the lake becomes shaftower
and shallower and warmer and warmer, finally becoming a marshland, and
then dry land.

sequence in which organisms eat and are eaten by other organisms.

a chemical that kills plants.

animal which eats plants.

to suck fish up against industrial intake sieves and hold them there, causing
suffocation.

portion of lake which is diked and filled with gravel, soil, garbage, etc,,
to make morg land area.

chemicals needed by plants and animals — fertilizers (potassium, phos-
phorus, nitrogen).

any living thing.
plant which performs photosynthesis and forms the base of the food chain.
a measure of the rate of production.

hot water.



NAME

TO HARVEST A WALLEYE
WORKSHEET

ACTIVITY A: WHO CAN HARVEST A WALLEYE?

Procedure: Follow steps 1 - 7 and fill in the biomass record below.

BIOMASS RECORD

FIRST CRDER SECOND ORDER
PRODUCERS HERBIVORES CARNIVORES CARNIVORE
(ALGAE) (GIZZARD SHAD) (WALLEYE) (PERSON)
PLAYER 1
PLAYER 2
PLAYER 3
PLAYER 4




ACTIVITY B: WHAT DOES A BIOMASS PYRAMID TELL US?

Procedure: Follow directions to answer the questions belaw.

1. Count ana compare the number of leveis in the three pyramids. Lake QOcean
Field

2. Which pyramid provides people with the most food?

3. What might be a way of increasing the number of kilograms that people could harvest from fakes and
oceans?

4. Fillin some species of plants and animals that would fit the feod pyramids below. Assume only 1/10 of
the biomass can be transferred from one level to another.

Squirrels
10 kg Totai
Corn Field
100 kg Comn
FIELD FOREST

5. Draw the pyramids here.



6. How much biomass is available to you from the hamburger?

7. If you ate 1 kg. of hamburger, how many kg of producer would you be eating indirectly?

8. Which focds are usually more expensive, meats or plant products?

9. Does it make mare senge to get your energy from eating organisms on low levels of a pyramid or from

eating those on higher levels?

10. If you had to recommend a kind of fish for sormeone to eat that caused the least amount of engrgy to

be wasted, which would it be?

11. You are stuck on a desert istand with nothing on it except for three chickens and a big sack of com.

What would you do in order to get the most food energy? Give reasaons.

10



ACTIVITY C: WHAT IS A FOOD WEB?

Third Order
Carnivores

Second Order
Carnivores

First Order
Camivores

Herbivores

Producers

Size of a crow. Eats dead
animais on shore and live Bigger than a Greyhound bus.

fish. _-

Sperm Whale

Seagull

Many sizes: 20cm to 3mlong.

Up 16 two meters long

Size of a saucer. Eats anything Sardine size (it comes on pi2za).

dead on share.

Crab

Size of a man's thumb.

Small animal 2-5 cm iong.

Shrimp Mussal
Microscopic plants.
Large seaweed dozens of melers <<

@

long.

Algae

1



Review Quastions

1. List the two kinds of organisms represented in a pyramid.

2. Which levels of a pyramid have the least energy available?

3. it the herbivores were taken out of a food pyramid by a disaster, what would happen to the producers?

What would happen to the carnivores?

Think it Over
If people harvested all the carnivores in a food chain, what wouid happen?

is it a good idea to harvest ail the carmivores?
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