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NUTRIENTS IN THE GREAT LAKES (EP-029T)

Onio Sta Teacher Guide*
GRrRANT

ColLLecE Chris Brothers, David A. Culver, and Rosanne W. Fortner
ProGRAM The Ohio State University

1

Overview:

In Activity A, students simulate aquatic habitats using lake water and goldfish in glass jars and observe the
effects of nutrient loading and nutrient limitation on aquatic life. In Activity B, students graph phosphate
and nitrate inputs to Lake Erie following a storm.

Prerequisite Student Background:

Students should know how to use a microscope and be able to draw line graphs. They should be familiar

with the concept of nutrients.

Objectives:
When students have completed these activities, they should be able to:

1. describe the characteristics of oligotrophic and eutrophic lakes,
2. explain the effects of nutrient loading on lake habitats,

3. define nutrients as a limiting factor in lake habitats,

4. list sources of nutrient inputs to Lake Erie, and

5. explain how wetlands can improve water quality.

Materials:

Activity A: (For the entire class)—Three 1 quart glass jars, masking tape for labels, 1 to 2 gallons of recently
gathered pond or lake water, stereo and/or standard microscopes, pond life identification guides, two :
goldfish, fish food flakes, and an incandescent light. If you have enough supplies, you may want to have |
small groups of students each prepare and observe a set of jars. Activity B: nitrate and phosphate data .

charts, map of Old Woman Creek, graph paper, pencils, glass jar with lid, and soil.

Suggested Approach:

Activity A: This will involve approximately one week of observation time during which students will
record data about changes occurring in the simulation jars. Some changes will be visible to the eye. To
observe others, microscopes can be used. Discuss the changes occurring as they hecome evident. The pond
water used for this activity must contain active aquatic organisms, both plant and animal. This can be
checked using a microscope: You may want to collect the water with your students. The water should be
filtered before the activity using a plankton net. If you do not have a plankton net, you can make one by
epoxying a small piece of silkscreen fabric over one end of a round plastic tube, such as a PVC pipe.
Silkscreen fabric is available at some art stores or you may be able to get scraps from a t-shirt printing store.
Activity B: Students can work on this activity as individuals or in small groups. The graphing section of
theactivity and the worksheetcould alsobeconducted asa homework assignment. Theactivity should take
approximately 45 minutes.

*Note: Information to *eachers is enclosed in boxes in this guide.
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‘ NUTRIENTS IN THE GREAT LAKES (EP-029T)

OHtlo .
s ¢ » Teacher Guide

GRrANY :

COLLEGE Chris Brothers, David A. Culver,and Rosanne W. Fortner
PROGRAM The Ohio State University

Introduction:

Well-meaning people in the 1970s claimed that Lake Erie was dead or at least dying. That impression came
from the visible conditions: dead fish on theshore, lots of algae washing upand creating odors, and beaches
that were unfit for swimming. Things didn't look very lively!

However, Lake Erie was never dead. In fact, its problems came from too much life! When fertilizers used
on farms ran off into the lake, the lake was fertilized too. The sewage from cities near the lake had lots of
phosphates in it from detergents and human waste, and the sewage also acted as a fertilizer. The sewage
and farm fertilizers supplied two nutrients—phosphorus and nitrogen (in the form of phosphates and
nitrates)—to the lakes. These are mineral nutrients that algae and other plants need to grow. Theresult was
that the plants inthe lake responded justas plants on land respond to fertilizer—they grew and grew.Huge
algae blooms quickly used up nutrients and were followed by great algae die-offs, changing the ecology
of the lake. As the algae died, the decay process used up all the oxygen in some parts of the lake. When all
the oxygen was gone, fish and other animals could no longer live in these parts of the lake.

Scientists call the aging process of a lake eutrophication. Natural eutrophication results as nutrients enter
the lake and cause increased plant growth. Water drainage running off from the surrounding land into the
lake, sediments from the bottom of the lake, and the living and dead plants and animals within the lake are
natural sources of nutrients. Natural eutrophication is a slow process. People aged Lake Erie in a different

way by over-fertilizing it withadded nutrients. When humanactivity speeds eutrophicationby overloading
the lake with nutrients, the process is called cultural eutrophication. '

Objectives:
When students have completed these activities, they should be able to:
1. describe the characteristics of oligotrophic and eutrophic lakes,
2. explain the effects of nutrient loading on lake habitats,
3. define nutrients as a limiting factor in lake habitats,
4. list sources of nutrient inputs to Lake Erie, and

5. explain how wetlands can improve water quality.
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Activity A: What happens whea nutrients enter a lake?

Lakes that are low in nutrients are called oligotro-
phic. These lakes have low plant production and
very clear water. They are often very deep and have
asmallsurfacearea. Because they are sodeep, wind
and waves do not mix the water enough to stir
nutrients throughout the lake. Sunlight does not
reach the deep parts, either. Lake Superior is an
example of an oligotrophic lake.

Lakes rich in nutrients are called eutrophic. Eutro-
phic lakes produce abundant plant life and have
murky water. They are often shallow and have a
large surface area. Because they are shallow, the
water in these lakes is easily mixed by wind and
waves, making nutrients available throughout the
lake. Lake Erie is an example of a eutrophic lake.

What changes occur in the plant and animal life of
a lake when nutrients enter the water? What hap-

pensif thereare not enough of some nutrients in the
lake?

Materials:

Three 1 quart glass jars, masking tape for labels, 1 to
2 gallons of recently gathered pond or lake water,
stereo and/ or standard microscopes, pond lifeiden-
tification guides, two goldfish, fish food flakes, and
an incandescent light.

Procedure:

A. Label the three 1 quart jars as follows:
1. Goldfish—feed daily
2. Invisible Goldfish—feed daily
3. Control—do not feed

B. Prepare each of the jars as follows:

1. Goldfish—Fill the jar with lake water and
add the two goldfish. Feed these goldfish
every day with a pinch of fish food flakes.
Invisible Goldfish—Fill the jar with lake
water. Sprinkle each day witha pinch of fish
food flakes. This jar should not contain gold-
fish.

Control—Fill thejar with lake water. Do not
put any goldfish or fish food in this jar.

C. If possible, add an aquarium bubbler to these
threejars toadd oxygento the water. Set the jars
aside in a visible and safe place. Place an incan-
descent light such as a gooseneck lamp above
each jar. Leave the light on 24 hours a day.

Using the microscopes, look at some of the
remaining lake water. Record your observa-
tions. You may want to draw some of the plants
and animals you see and look them up in a

LIGHT SOURCE

guide to pond or lake life.

(

2. NO Goldfish
ONLY Food

3. CONTROL
ONLY H,0

)| | )

$
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E. Each day during the observation period, check
the jars for any changes. Record your observa-
tions. Some changes will be visible to the eye.
You may also want to look at some of the water
life with a microscope. Be sure to feed your
goldfish every day. ‘

In your lake water you are likely to see green and
blue-green algae. Both kinds of algae need the
nutrients phosphorus and nitrogenin order to grow.
If there is not enough of these nutrients for algae to
grow, these nutrients are said to be limiting: the lack
of these nutrients limits or prevents algae from
growing.

The pictures below show species of algae living in
Lake Erie. Some may appear in your jars.
Pollution tolerant green aigae: '

a) Melosira b) Stephanodiscus c) Cladophora
Pollution tolerant blue-green algae:

d) Microcystis e) Aphanizomenon f) Anabaena
Pollution intolerant form:

g) Dinobryon

4T

Biologists now classify blue-green as cyanobacteria. They
do not haveanucleus like otheralgal cells. The term algae
is used here to prevent confusion among younger stu-
dents.

1. In jar #1, what is the source of nutrients
entering the water? Where are nutrients
coming from in jar #2? Are there any nutri-
ents entering jar #3?

Injar #1, nutrients are entering the water from thefish food
flakesand from the fishthemselves as they produce wastes.
In jar #2, nutrients are coming from the fish food only. No
nutrients are entering jar #3, the control jar. All three jars
have the bubbler, if available, as a supply of oxygen, so
differences in algae growth in the three jars are not likely
to be the result of oxygen differences.

2. Which jar do you think will show the most
algal growth? Which will show the least
algal growth?

Jar #1 will likely show the most algal grov/th because the
fish are a source of nutrients in addition to the fish food.
The fish also speed up the decomposition of the food. The
control jar #3 willlikely show theleast growth. The growth
in jar #2 will depend on the nutrient content of the fish
food.

If both phosphorusand nitrogenareavailable in the
water, the green algae will out compete the blue-
green algae, meaning more green algae will grow
than blue-green algae.

3. In which jar has more green algae grown
than blue-green algae?

This will likely happen in jar #1 as the fishes wastes are
providing nitrogen. Neither nitrogen or phosphorus is
limiting.

Both green and blue-green algae will grow untilall
thenitrogeninthe waterisused up. The greenalgae
will then stop growing. The nitrogen will have
become the limiting nutrient for the green algae.
The blue-green algae can keep growing after the
nitrogen in the water is used up, because the blue-
green algae can use nitrogen from the air. Thus,
when nitrogen is limiting, the blue-green algae will
out-compete the green algae, meaning more blue-
green algae will grow than green algae.




4. In which jar is blue-green algae growing
better?

Blue-green algac will likely grow better in jar #2 when
nitrogen is limiting but phosphorus is still available, The
blue-green algae will keep growing until all the phospho-
rus in the water is used up. When the phosphorus is gone,
it becomes the nutrient limiting algal growth.

5. What nutrient is limiting in jar #2? What
nutrient do you think might become limit-
ing injar #1 (hint: the fish produces nitrogen
in its wastes)? What nutrient appears to be
limiting in the control jar (#3)?

Nitrogen s likely limiting in jar #2 because its only source
is thefish food. It can be used up rapidly. Phosphorus may
become limiting in jar #1 as nitrogen is available through
both the fish food and the fishes wastes. Either may be
limiting injar #3. Which nutrientis limiting willdepend on
theoriginal supply of nitrogen and phosphorusin thelake
water and on #@he nutrient content of the fish food.

If you feel the concept of which nutrient is limiting in
which jar is too difficult for your students, you may just
want to emphasize the idea that the algae in the jars nced
nutrientsto growand that with morenutrients, morcalgae

grows. Students should beable to see more algae growing
in some jars than in others.
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Nitrate and Phosphate Data Chart

DAY AFTER STORM (May 1985)
Station Nutrient 1 2 3 4 5 6 i 8 9 10 11
1 P (ppb) 283 82 70 94 60 32 40 49 40 35 30
N (ppm) 6.5 6.9 9.7 124 105 9.5 7.8 6.5 6.6 6.5 6.6
2 P 104 97 79 79 50 35 21 12 10 7 3
N 1.5 33 6.1 8.7 90 10.1 9.0 8.0 7.7 6.5 5.9
3 P 9 41 67 66 32 19 15 10 9 8 7
N 4 1.9 28 .76 8.4 9.9 8.0 6.8 58 4.1 2.3
4 P 9 7 35 28 19 11 11 10 7 5 3
N 2 3 2.4 3.3 5.1 8.8 8.7 8.4 6.5 4.8 2.2
5 r 8 11 10 22 20 16 12 10 6 3 2
N 2 .8 .6 2.6 49 9.7 78 69 6.0 4.1 2.3
6 P 9 5 10 26 19 11 10 10 8 6 5
N S 5 2.0 34 3.4 34 3.3 33 3.0 27 1.7
7 ? 5 2 1 6 5 3 3 3 2 2 2
N 9 1.0 1.1 14 1.6 1.7 20 2.1 1.7 1.5 1.2

(Data for underlined dates were interpolated from those before and after the date. P and N were not
measured directly on these days.)
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Activity B: How do nutrients enter the Great Lakes?

Howdo phosphorusand nitrogen getinto the Great
Lakes? One way is from water runoff. Rainwater
falling on farm fields, parking lots, roads, and back-
yards flows into creeks, streams, and rivers. The
rainwater carries soil, fertilizers, and other pollut-
ants it has washed from the land. You have prob-
ably seen how much more water creeks carry just
after a storm and how muddy the water looks.
Eventually, all this water runsinto the lakes, bring-
ing nutrients and other chemicals with it.

Materials:

Nitrate and Phosphate Data Chart, map of Old
Woman Creek, graph paper, pencils, glass jar with
lid, and soil.

Procedure:

A. Look at the map of Old Woman Creek. With
your pencil, trace the path of the creek starting
at the point marked A.

1. Where does the creek go? Does water from
the creek flow into Lake Erie?

The creck flows northinto Old Woman Creek Estuary and !
1 then empties into Lake Erie.

1

B. On the same map, look at the land that is sur-
rounded by the dotted line. All the land within
this line is the watershed of Old Woman Creek.
A watershed is all of the land drained by a
creek, stream, or river. Water from this land
runs off into Old Woman Creek, then through
Old Woman Creek Estuary beforereaching Lake
Erie.

2. Are there any roads or farms in the Old
Woman Creek watershed? How mightthese
affect the water entering the creek?

E U.5. Highway 6 and Ohio Routes 2 and 61 run through the
j watershed. There are also several farms. Runoff water
-| from roads and farms will carry fertilizers and other |
| pollutants. !

C. Themapalsoshows places in the estuary where
scientists have tested the creek's water to see
how much phosphorus and nitrogen it con-
tains.

3. How many test stations are located in the
estuary? Which station is closest to the lake?
Which is closest to where the creek enters
the estuary?

| Thercare seven water test stations in the estuary. Station
| 7 isclosest to the lake. Station 1 is closest to wherethe creek
I enters the estuary.

- .. — U IOV PR

D. Ona piece of graph paper, graph the concentra-
tion of phosphorusat Station 1 in the estuary for
each day after the storm from day 1 to day 11.
Use the data from the Nitrate and Phosphate
Data Chart.

Phosphorus at Station 1 on days 1-11

250

150

\
\
200 X
\
\
\
\

Phosphorus (ppb)

100

i \\
50

i Days after storm

4. AtStation 1, how many days after the storm
were phosphorus levels the highest? When
were phosphorus levels the lowest? How
can you explain this?

Phosphorus levels were highest one day after the storm
and lowest 11 days after the storm. One day after the !
storm, a lot of runoff water from the storm was entering
the estuary. This water contained high concentrations of
phosphorus. By day 11, much less runoff from the storm
was entering the estuary. Thus, fewer nutrients were
being carried into the estuary.
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Old Woman Creek Study Site
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E. Now graph phosphorus concentrations at Sta-

tions 3 and 6 for each day after the storm. If you
use the same sheet of graph paper to draw this
graph, be sure to label your lines Station 1,
Station 3, and Station 6.

5. Whatdaydid peak (highest) phosphoruscon-
centrations occur at Station 3? What day did
phosphorus peak at Station 6? Can you ex-
plain why peak concentrations of phospho-
rus occurred later at Station 3 than at Station
1 and later at Station 6 than at Station 3?

R — R R O P

Stations 3 and 6 are located further downstrc‘am in the
creek. Water from the creek reaches Station 1 first, then
Station 3, then Station 6. Nutrients such as phosphorus
being carried by the water reach these stations in the same
order.

F. Look at the data showing nitrogen concentra-
tions at Stations 1, 3, and 7.

6. On what day dc the peak concentrations of
nitrogen occur at each station? Does it seem
that the peak nitrogen concentrations are
following the same kind of pattern that peak
phosphorus concentrations showed?

9T

l’eak mtrogcn conccntratlon at Statlonl occurson day] at l
Station 3 on day 6, and at Station 7 on day 8. Nitrogen
concentrations are following the same general pattern as
phosphorus concentrations. The peak concentration of |
nitrogen at stations further downstream occurs after it
does at upstrcam stations. ‘

7. By day 9, has the peak in phosphorus and
nitrogenconcentrations occurredatall seven
stations?

| By day 9 the poak in phosphorus and nitrogen concentra- ;
nons has occurrcd at cach of thc stations. }
G. Onanew sheet of graph paper, make a graph of
the concentration of phosphorus at each station

in the estuary on day 11

Pand N, 7Statlons on Dayll
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8. For day 1 1, at which station are phosphorus
concentrations *he highest? At which station
are they the lowest?

Phosphorus concentrationson uay T1are hlghcst at Station i
1 and lowest at Station 5 and 7. |

H. On the same graph paper you used in step G,
graph the concentration of nitrogen at each sta-
tion in the estuary onday 11. (Note that Nand P’
are not measured in the same units. This is
consistent with the data.) '




9. At which station are nitrogen concentra-
tions the highest? At which station are they
the lowest?

Nitrogen concentrations are the hlghcst at Statlon 1 and N
l the lowest at Station 7. Nitrogen and phosphorus can be
: cither dissolved in the water, suspended as particles, or
i attachcd to sedlmcnts

-

I Fill a jar half full of water. Put a handful of soil
into the jar. Shake the jar so that the water and
soil are moving quickly and get mixed together.
You have created muddy, stirred-up creek wa-
ter in your jar. Wait a few minutes for the water
to slow down and the soil to settle to the bottom
of the jar. The water in the jar now is more like
water in the estuary.

10. Where do you think estuary water will be
the muddiest? Where will it be the clearest?
What is one reason why phosphorus and
nitrogen concentrations arelower at Station
7 than at Station 17

Following a storm, creek water is muddy from carrying
soiland nutrients, and it is moving very quickly. As water
flows through the estuary, its movement is slowed. Much
of the sediment, soil, and nutrients in the water settles out
as the water slows down. Thus, the water reaching down-
stream stations is clearer and has lower concentrations of
nutrients than the water flowing through the upstrcam
stations.

11. The estuary has many plants growing in it.
How might the plants affect the amount of
nutrients reaching each station?

To cxplam the decreasc in the phosphorus and mtrobc
concentrations from Station 1 to Station 7, try the follow-
! ing. Plantsin theestuary need phosphorus and nitrogen to
t grow. Thus, plants in the estuary take up and use phos-
phorus and nitrogen from the creck water as it passes
through the estuary. The plantsfilter out the nutrients that
they need from thecreck water. This is another reason that
' fewer nutrients rcach thc down%trcam stations.

e e o

Estuaries and other wetlands act as "sinks” and
"sponges"” for nutrients. Nutrients associated with
mud settle out of the creek water and sink to the
bottom of the estuary as the water passes slowly
through the estuary. At the same time, nutrientsare
taken up by estuary plants.

12. How might an estuary's action as a "sink"
and "sponge” for nutrients affect the lake
into which the creek empties?

‘Becausc of the estuary's flltermg actlon ‘water entering the
lake will contain fewer nutrients than it otherwise would.
Many of Lake Eric's water problems result from too many
nutrients entering the lake. Estuaries may improve water
quality in the lake by reducing the nutrients entering it. l

Ideas for Exten31on~

1. Lake Layers: Stratification, OEAGLS activity
number EP-028, includes two activities re-
lated to nutrients in the lakes and water
quality. Students use an aquarium to simu-
late the stratification of water that occurs in
lakes during the summer. On several maps
of Lake Erie, they measure the area that has
become anoxic (lacking oxygen) since the
1930s and relate this to nutrient inputs.

2. The Estuary: A Special Place, OEAGLS activ-
ity number EP-016, includes activities de-
signed for further investigation of the Old
Woman Creek Estuary. Students study the
characteristics of an estuary using a com-
puter map and a transect line, then analyze
illustrations of plankton samples to observe
how estuaries serve as nurseries for lake
fish.

Review Questions:

1. What are the characteristics of oligotrophic and
eutrophic lakes?

Oligotrophic i2keshavelow nutrientlevels. They are oftcn

deepand havesmull surfacearcas. Plant productionislow l
and the wateris clear. Eutrophiclakesare richinnutrients. !
They areoftenshallow and havelarge surface areas. Plant |
producnon is high and the water is murky N

2. What happens whennatrientsare readily avail-
able in, or are added to, a lake?

i The nutrients act as a fcrtlhzcr allowing plants to grow N
i Adding nutrients ircreases plant growth, especially the !
l growth of algae. The algae may be green or blue-green |

depending on what nutrients are available. J

10T




3. Whatisa limiting nutrient? What nutrients are
usually limiting for algal growth in a lake?

Nutrients are needed for plant growth. The nutrient that is
a missing or available only in low levels is the limiting
nutrient because it limits or controls the amount of plant
growth. Phosphorus and nitrogen are usually thelimiting
nutrients in lakes. These are often in the form of PO?
(phosphate) and NO, (nitrate) ions.

4. Whatare some of the human-produced sources
of nutrients entering the lakes?

Nutrients enter the lake in run-off from farms, parking
lots, roads, and yards. This runoff contains soil, fertilizers,
and other pollutants it has carried from the land. Sewage
can also contain nutrients from detergents with phos-
phates and from human waste.

5. How do estuaries act as "sinks" and "sponges",
improving thequality of the water going through
them to the lake?

Plants in the estuary take up and use the nutrients they
need from the water passing through the estuary, thus
acting as sponges. As water flows through the estuary, its
movement is slowed. Much of the soil and nutrients in the
water settleout asit slowsdown.Thus, the wetlands act as
nutrient sinks. Estuaries may improve the water quality of
the lake by reducing the amount of nutrients entering the
lake.
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gﬁ Nutrients in the Great Lakes (EP-029T)

GRrRANT Answer Sheet
ColLLeEGE

ProcrAM NAME

Activity A: What happens when nutrients enter a lake?

1. Injar #1, what is the source of nutrients entering the water?

Where are nutrients coming from in jar #2?

Are there any nutrients entering jar #3?

[N

Which jar do you think will show the most algal growth?

Which will show the least algal growth?

Use an extra page to record changes you see in each of the jars during the observation period.

3. In which jar has more green algae grown than blue-green algae?

4. In which jar is blue-green algae growing better than green algae?

5. What nutrient is limiting in jar #2?

What nutrient de you think might become limiting in jar #1?

What nutrient appears to be limiting in the control jar (#3)?

Activity 3: How do nutrients enter a lake?

1. Where does the creek go?

Does water from the creek flow into Lake Erie?
/

2. Arethere any roads or farms in the Old Woman Creek watershed?

How might these affect the water entering the creek?

3. How many test stations are located in the estuary?

Which station is closest to the lake?

Which is closest to where the creek enters the estuary?

4. At Station 1, how many days after the storm were phosphorus levels the highest?

When were phosphorus levels the lowest?

13T
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10.

11.

12.

How can you explain this?

What day did peak (highest) phosphorus concentrations occur at Station 3?

What day did phosphorus peak at Station 6?

Can you explain why peak concentrations of phosphorus occurred later at Station 3 than at Station 1,

and later at Station 6 than at Station 3?

On what dey do the peak concentrations of nitrogen occur at Stations 2, 3, and 7?

Does it seem that peak nitrogen concentrations are following the same kind of pattern that peak

phosphorus concentrations showed?

By day 9, has the peak in phosphorus and nitrogen concentration occurred at all seven stations? __

For day 9, at which station are phosphorus concentrations the highest?

At which station are they the lowest?

At which station are nitrogen concentrations the highest?

At which station are they the lowest?

How can you explain the decrease in phosphorus and nitrogen concentrations from Station 1 to

Station 7?

Where do you think estuary water will be the muddiest? Where will it be the clearest?

What is another reason why phosphorus and nitrogen concentrations are lower at Station 7 than at

Station1?

How mightan estuary's actionas a "sink" and "sponge" for nutrients affect the lakeinto which the creek

empties?

14T .o
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Oceanic Education Activities for Great Lakes Schools (OEAGLS)

Results of studies of student knowledge about the oceans and Great Lakes environments indicate a need for greater awareness
of those environments, and a greater understanding of the impact they have upon the lives of people. OEAGLS (pronounced
"eagles") are designed to take a concept or idea from the existing school curriculum and develop it into an oceanic and Great
Lakes context, using teaching approaches and materials appropriate for children in grades five through nine.

OEAGLS materials are designed to be easily iniegrated into existing curricula, Investigations are characterized by subject
matter compatibility with existing curriculum topics, short activities lasting from one to three classes, minimal preparation
time, minimal equipment needs, standard page size for easy duplication, student workbook plus teacher guide, suggested ex-
tension activities for further information or creative expression, teachability demonstrated by use in middle school class-
rooms; and content accuracy assured by critical reviewers. Each title consists of a student workbook and a teacher guide and

costs $3.00 for the publication, postage, and handling. If ordering EP-026, add an additional $4.00 to cover the cost of the
computer disk. :

THE EFFECT OF THE GREAT LAKES ON TEMPERATURE (EP-001) THE ESTUARY: A SPECIAL PLACE (EP-016)

THE EFFECT OF THE GREAT LAKES ON CLIMATE (EP-002) THE GREAT LAKES TRIANGLE (EP-017)
ANCIENT SHORES OF LAKE ERIE (EP-003) : KNOWING THE ROPES (EP-018)

HOW TO PROTECT A RIVER (EP-004) GETTING TO KNOW YOUR LOCAL FISH (EP-019)
CHANGING LAKE LEVELS (EP-00S) SHIPPING: THE WORLD CONNECTION (EP-020)
EROSION ALONG THE GREAT LAKES (EP-006) WE HAVE MET THE ENEMY (EP-021)

COASTAL PROCESSES AND EROSION (EP-007) IT’S EVERYONE'S SEA: OR IS IT? (EP-022)

POLLUTION IN LAKE ERIE: AN INTRODUCTION (EP-008) PCBs IN FISH: A PROBLEM? (EP-023)
YELLOW PERCH IN LAKE ERIE (EP-009) A GREAT LAKES VACATION (EP-024)
EVIDENCE OF ANCIENT SEAS IN OHIO (EP-010) STORM SURGES (EP-025)

TO HARVEST A WALLEYE (EP-011) RIVER TREK with computer program (EP-026)

OIL SPILL! (EP-012) WAVES (EP-027)

SHIPPING ON THE GREAT LAKES (EP-013) LAKE LAYERS: STRATIFICATION (EP-028)
GEOGRAPHY OF THE GREAT LAKES (EP-014) NUTRIENTS IN THE GREAT LAKES (EP-029)
OHIO CANALS (EP-015) EATING LIKE A B{RD (EP-030)

OEAGLets
In the primary grade range we have three activities. All use Lake Eric information applied to all primary subject arcas.
Each title costs $5.00 for the publication, postage, and handling.

LAKE ERIE—TAKE A BOW (EP-031)
BUILD A FISH TO SCALE (EP-032)
A DAY IN THE LIFE OF A FISH (EP-933)

COMPUTER PROGRAMS
All programs run on Apple II computer series.

EP-24/Disk This program is an optional purchase to accompany OEAGLS A GREAT LAKES VACATION. $4.00
EP-74/Disk To sccompany OEAGLS EP-011, 019, 021, and 023. $5.00

ADDITIONAL EDUCATIONAL MATERIALS

SUPPLEMENTAL CURRICULUM ACTIVITIES TO ACCOMPANY HOLLING C. HOLLING'S
PADDLE-TO-THE-SEA (EP-076) $10.00
ACTIVITIES FROM MIDDLE SEA (EP-071) $250
WATERWORKS (EP-072) $250
THE OHIO SEA GRANT EDUCATION PROGRAM: DEVELOPMENT, IMPLEMENTATION, EVALUATION (EP-075) $8.00
MARINE EDUCATION BIBLIOGRAPHY $2.00

OTHER PUBLICATIONS AVAILABLE

TWINE LINE Sea Grant eight-page bimonthly newsletter. $4.50 for six issues.

PUBLICATION BROCHURE Free.

EDUCATION BROCHURE Free.

TECHNICAL PUBLICATIONS BROCHURE Free.

SEA GRANT PROGRAM BROCHURE Free.

GREAT LAKES PURSUIT S.E. Pflaumer and R.W. Fortner. A game played like Trivial Pursuit ® but the questions challenge players to
learn abovt the Great Lakes. $24.00 (Reduced price available for educators.)

TOO MUCH MUSSEL 1991. This 5 12 minute video (VHS format) provides an overview of the zebra mussel impact to Lake Erie.
$15.00

GLOBAL CHANGE IN THE GREAT LAKES SCENARIOS 1991. Ten scenarios about global change in the Great Lakes. $6.00
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NUTRIENTS IN THE GREAT LAKES (EP-029S)
Onio Sea  Student Workbook '
GRANT

CollEGE Chris Brothers, David A. Culver, and Rosanne W. Fortner
ProGrAM The Ohio State University

Introduction:

Well-meaning people in the 1970s claimed that Lake Erie was dead or at least dying. That impression came
from the visible conditions: dead fish on the shore, lots of algae washing up and creating odors, and beaches
that were unfit for swimming. Things didn't ook very lively!

However, Lake Erie was never dead. In fact, its problems came from too much life! When fertilizers used
on farms ran off into the lake, the lake was fertilized too. The sewage from cities near the lake had lots of
phosphates 'n it from detergents and human waste, and the sewage also acted as a fertilizer. The sewage
and farm fertilizers supplied two nutrients—phosphorus and nitrogen (in the form of phosphates and
nitrates) — to the lakes. These are mineral nutrients that algae and other plants need to grow. The result
was that the plants in thelake responded just as plants on land respond to fertilizer —they grew ¢ nd grew.
Huge algae blooms quickly used up nutrients and were followed by great algae die-offs, changing the
ecology of the lake. As the algae died, the decay process used up all the oxygen in some parts of the lake.
When all the oxygen was gone, fish and other animals could no longer live in these parts of the lake.

Scientists call the aging process of a lake eutrophication. Natural eutrophication results as nutrients enter
the lake and cause increased plant growth. Water drainage running off from the surrounding land into the
lake, sediments from the bottom of thelake, and theliving and dead plants and animals within the lake are
natural sources of nutrients. Natural eutrophication is a slow process. Peaple aged Lake Erie in a different

way by over-fertilizing it with added nutrients. When human activity speeds eutrophication by overload-
ing the lake with nutrients, the process is called cultural eutrophication.

Objectives:
When students have completed these activities, they should be able to:
1. describe the characteristics of oligotrophic and eutrophic lakes,
2. explain the effects of nutrient loading on lake habitats,
3. define nutrients as a limiting factor in lake habitats,
4. list sources of nutrient inputs to Lake Erie, and

5. explain how wetlands can improve water quality.

o iS5, .
ERIC o




Act1v1ty A: What happene when nutrients enter a lake"’

Lakes that are low in nutrients are called oligotro-
phic. These lakes have low plant production and
very clear water. They are often very deep and hav.
asmallsurface area. Because they are so deep, wind
and waves do not mix the water enough to stir
nutrients throughout the lake. Sunlight does not
reach the deep parts, either. Lake Superior is an
example of an oligotrophic lake.

Lakes rich in nutrients are called eutrophic. Eutro-
phic lakes produce abundant plant life and have
murky water. They are often shallow and have a
large surface area. Because they are shallow, the
water in these lakes is easily mixed by wind and
waves, making nutrients available throughout the
lake. Lake Erie is an example of a eutrophic lake.

What changes occur in the plant and animal life of
a lake when nutrients enter the water? What hap-
pensifthereare notenoughofsomenutrients in the
lake?

Materials:

Three 1 quart glass jars, masking tape for labels, 1to
2 gallons of recently gathered pond or lake water,
stereo and/or standard microscopes, pond life iden-
tification guides, two goldfish, fish food flakes,and
an mcandescent light.

Procedure:

A. Label the three 1 quart jars as follows:
1. Goldfish—feed daily
2. Invisible Goldfish—feed daily
3. Control—do not feed

B. Prepare each of the jars as follows:

1. Goldfish—Fill the jar with lake water and
add the two goldfish. Feed these goldfish
every day with a pinch of fish food flakes.

2. Invisible Goldfish—Fill the jar with lake
water.Sprinkleeachday witha pinch of fish
food flakes. This jar should not contain gold-
fish.

3. Control—Fill the jar with lake water. Do not
put any goldfish or fish food in this jar.

C. If possible, add an aquarium bubbler to these
three jars toadd oxygen to the water. Set the jars
aside in a visible and safe place. Place an incan-
descent light such as a gooseneck lamp above
each jar. Leave the light on 24 hours a day.

D. Using the microscopes, look at some of the
remaining lake water. Record your observa-
tions. You may want to draw some of the plants
and animals you see and look them up in a

—=

guide to pond or lake life.
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E. Each day during the observation period, check
the jars for any changes. Record your observa-
tions. Some changes will be visible to the eye.
You may also want to look at some of the water
life with a microscope. Be sure to feed your
goldfish every day.

In your lake water you are likely to see green and
blue-green algae. Both kinds of algae need the
nutrients phosphorusandnitrogeninorder to grow.
If there is not enough of these nutrients for algae to
grow, these nutrientsare said tobe limiting: thelack
of these nutrients limits or prevents algae from
growing.

1. In jar #1, what is the source of nutrients
entering the water? Where are nutrients
coming fromin jar #2? Are thereany nutri-
ents entering jar #3?

R

Which jar do you think will show the most
algal growth? Which will show the least
algal growth?

If both phosphorusand nitrogen areavailablein the
water, the green algae will out compete the blue-
green algae, mean more green algae will grow than
blue-green algae.

+ 3. In which jar has more green algae grown
than blue-green algae?

Both green and blue-green algae will grow until all
the nitrogen in the waterisused up. The green algae
will then stop growing. The nitrogen will have
become the limiting nutrient for the green algae.
The blue-green algae can keep growing after the
nitrogen in the water is used up, because the blue-
green algae can use nitrogen from the air. Thus,
when ritrogen is limiting, the blue-green algae will
out-compete the green algae, meaning more blue-
green algae will grow than green algae.

4. In which jar is blue-green algae growing
better?

5. What nutrient is limiting in jar #2? What
nutrient do you think might become limit-
inginjar #1 (hint: the fish produces nitrogen
in its wastes)? What nutrient appears to be
limiting in the control jar (#3)?

4S

The pictures below show species of algae living in
Lake Erie. Some may appear in your jars.

Pollution tolerant green algae:
a) Melosira
b) Stephanodiscus
c) Cladophora

Pollution tolerant blue-green algae:
d) Microcystis
¢) Aphanizomenon
f) Anabaena

Pollution intolerant form:
g) Dinobryon
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Nitrate and Phosphate Data Chart

DAY AFTER STORM (May 1985)
Station  Nutrient 1 2 3 4 5 6 7 8 9 10 11
1 P (ppb) 283 82 70 94 60 32 40 49 40 35 30
N (ppm) 6.5 6.9 9.7 124 105 95 7.8 65 6.6 6.5 6.6
2 P 104 97 79 79 50 35 21 12 10 7 3
N 1.5 3.3 6.1 8.7 9.0 10.1 9.0 8.0 7.7 6.5 59
3 P 9 41 67 66 32 19 15 10 9 8 7
N 4 19 2.8 7.6 8.4 9.9 8.0 6.8 5.8 4.1 23
4 P 9 7 35 28 19 11 11 10 7 5 3
N 2 3 2.4 3.3 51 8.8 8.7 8.4 6.5 4.8 22
5 P 8 1 10 22 20 16 12 10 6 3 2
N 2 8 .6 2.6 49 9.7 78 69 6.0 4.1 23
6 P 9 5 10 26 19 11 10 10 8 6 5
N 5 5 2.0 34 3.4 3.4 3.3 33 3.0 2.7 1.7
7 P 5 2 1 6 5 3 3 3 2 2 2
N 9 1.0 1.1 1.4 1.6 1.7 2.0 2.1 1.7 1.5 1.2

(Data for underlined dates were interpolated from those before and after the date. P and N were not
measured directly on these days.)
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Activity B: How do nutrients enter the Great Lakes?

How do phosphorus and nitrogen get into the Great
Lakes? One way is from water runoff. Rainwater
falling on farm fields, parking lots, roads, and back-
yards flows into creeks, streams, and rivers. The
rainwater carries soil, fertilizers, and other pollut-
antsithas washed fromtheland. Youhave probably
seen how much more water creeks carry just after a
stormand how muddy the water looks. Eventually,
all this water runs into the lakes, bringing nutrients
and other chemicals with it.

Materials:

Nitrate and Phosphate Data Chart, map of Old
Woman Creek, graph paper, pencils, glass jar with
lid, and soil.

Procedure:
A. Look at the map of Old Woman Creek. With

your pencil trace the path of the creek starting at
the point marked A.

1. Where does the creek go? Does water from
the creek flow into Lake Erie?

On the same map, look at the land that is sur-
rounded by the dotted line. All the land within
this line is the watershed of Old Woman Creek.
A watershed is all of theland drained by a creek,
stream, or river. Water from this land runs off
into Old Woman Creek, then through Old Wom-
an Creek Estuary before reaching Lake Erie.

o}
P

Are there any roads or farms in the Old
Woman Creek watershed? How might

these affect the water entering the creek?

The map also shows places in the estuary where
scientists have tested the creek's water to see
how much phosphorusand nitrogenit contains.
3. How many test stations are located in the
estuary? Which station is closest to the lake?
Which is closest to where the creek enters
the estuary?

Ona piece of graph paper, graph the concentra-
tion of phosphorus at Station 1in the estuary for
each day after the storm from day 1 to day 11.
Use the data from the Nitrate and Phosphate

6S

9

H.

Data Chart.
4. AtStation 1, how many daysafter the storm
were phosphorus levels the highest? When
were phosphorus levels the lowest? How
can you explain this?

Now graph phosphorus concentrations at Sta-
tions 3and 6 for each day after the storm. If you
use the same sheet of graph paper to draw this
graph, be sure to label your lines Station 1,
Station 3, and Station 6.

5. What day did peak (highest) phosphorus
concentrations occur at Station 3? What day
did phosphorus peak at Station 6? Can you
explain why peak concentrations of phos-
phorus occurred later at Station 3 than at
Station 1and laterat Station 6 thanat Station
3?

Look at the data showing nitrogen concentra-
tions at Stations 1,3, and 7.

6. On what day do the peak concentrations of
nitrogen occur at each station? Does it scem
that the peak nitrogen concentrations are
following thesamekind of pattern that peak
phosphorus concentrations showed?

By day 9, has the peak in phosphorus and
nitrogen concentrations occurred at all seven
stations?

Ona new sheet of graph paper, make a graph of
the concentration of phosphorus at each station
in the estuary on day 11.

8. For day 11, at which stations are phospho-
rus concentrations the highest? At which
station are they the lowest?

On the same graph paper you used in step G,
graph the concentration of nitrogen at each
station in the estuary on day 11. (Note that N
and P are not measured in the same units. This
is consistent with the data collected, and it will
help you to see thesize of the changesin concen-
tration.’
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9. At which station are nitrogen concentra-
tions the highest? At which station are they
the lowest?

Fill a jar half full of water. Put a handful of soil
into the jar. Shake the jar so that the water and
soil are moving quickly and get mixed together.
You have created muddy, stirred-up creek wa-
ter in your jar. Wait a few minutes for the water
to slow down and the soil tosettle to the bottom
of the jar. The water in the jar now is more like
water in the estuary.

10. Where do you think estuary water will be
the muddiest? Where will it be the clearest?
What is one reason why phosphorus and
nitrogen concentrations are lower at Station
7 than at Station 1?

11. The estuary has many plants growing in it.
How might the plants affect the amount of
nutrients reaching each station?

Estuaries and other wetlands act as "sinks" and
"sponges" for nutrients. Nutrients settle out of
the creek water and sink to the bottom of the
estuary as the water passes slowly through the
estuary. At the same time, nutrients are taken
up by estuary plants.

12. How might an estuary's action as a "sink"
and" sponge" for nutrients affect the lake
into which the creek empties?

Review Questions:

What are the characteristics of oligotrophic and eutrophic lakes?

What happens when nutrients are readily available in, or are added to, a lake?

What is a limiting nutrient? What nutrients are usually limiting for algal growth in a lake?

What are some of the human-produced sources of nutrients entering the lakes?

How do estuaries act as "sinks" and "sponges," improving the quality of the water going through them

to the lake?
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;ﬁ Nutrients in the Great Lakes (EP-029S)

GRANT Worksheet
COLLEGE

PrOGRAM NAME

M

Activity A: What happens when nutrients enter a lake?

1. Injar #1, what is the source of nutrients entering the water?

Where are nutrients coming from in jar #27?

Are there any nutrients entering jar #3?

1o

Which jar do you think will show the most algal growth?

Which will show the least algal growth?

Use an extra page to record changes you see in each of the jars during the observation period.

3. Inwhich jar has more green algae grown than blue-green algae?

4. Inwhichjarisblue-greenalgaegrowingbetterthan greenalgae?

5. What nutrient is limitingin jar #2?

What nutrient do you think might become limiting in jar #17 ____

What nutrient appears to be limiting in the control jar (#3)?

Activity B: How do nutrients enter a lake?

1. Where does the creek go?

Does water from the creek flow into Lake Erie?

o

Are there any roads or farms in the Old Woman Creek watershed?

How might these affect the water entering the creek?

3. How many test stations are located in the estuary?

Which station is closest to the lake?

Which is closest to where the creek enters the estuary?

-

At Station 1, how many days after the storm were phosphorus levels the highest?

When were phosphorus levels the lowesi?




10.

11.

12.

How can you explain this?

What day did peak (highest) phosphorus concentrations occur at Station 5?

What day did phosphorus peak at Station 6?

Can you explain why peak concentrations of phosphorus occurred later at Station 3 than at Station 1,

and later at Station 6 than at Station 3?

On what day do the peak concentrations of nitrogen occur at Stations 2, 3, and 7?

Does it seem that peak nitrogen concentrations are following the same kind of pattern that peak

phosphorus concentrations showed?

By day 9, has the peak in phosphorus and nitrogen concentration occurred at all seven stations? ___

For day 9, at which station are phosphorus concentrations the highest?

At which station are they the lowest?

At which station are nitrogen concentrations the highest?

At which station are they the lowest?

How can you explain the decrease in phosphorus and nitrogen concentrations from Station 1 to

Station 7?

Where do you think estuary water will be the muddiest? Where will it be the clearest?

What is another reason why phosphorus and nitrogen concentrations are lower at Station 7 than at

Station1?

How mightanestuary's actionas a "sink"and "sponge" for nutrients affect the lake into which thecreek

empties?
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Oceanic Education Activities for Great Lakes Schools (OEAGLYS)

Results of studies of student knowledge about the oceans and Great Lakes environments indicate a need for greater awarcness
of those environments, and a greater understanding of the impact they have upon the lives of people. OEAGLS (pronounced
“cagles") are designed to take a concept or idea from the existing school curriculum and develop it into an oceanic and Great
Lakes context, using teaching approaches and materials appropriate for children in grades five through nine.

OEAGLS materials are designed to be easily (ntegrated into existing curricula. Investigations are characterized by subject
matter compatibility with existing curriculum topics, short activities lasting from one to three classes, minimal preparation
time, minimal equipment needs, standard page size for easy duplication, student workbook plus teacher guide, suggested ex-
tension activities for further information or creative expression, teachability demonstrated by use in middle schoof class-
rooms; and content accuracy assured by critical reviewers. Each title consists of a student workbook and a teacher guide and
costs $3.00 for the publication, postage, and handling. If ordering EP-026, add an additional $4.00 to cover the cost of the
computer disk,

THE EFFECT OF THE GREAT LAKES ON TEMPERATURE (EP-001) THE ESTUARY: A SPECIAL PLACE (EP-016)

THE EFFECT OF THE GREAT LAKES ON CLIMATE (EP-002) THE GREAT LAKES TRIANGLE (EP-017)
ANCIENT SHORES OF LAKE ERIE (EP-003) KNOWING THE ROPES (EP-018)
HOW TO PROTECT A RIVER (EP-004) GETTING TO KNOCW YOUR LOCAL FISH (EP-019)
CHANGING LAKE LEVELS (EP-005) SHIPPING: THE WORLD CONNECTION (EP-020)
EROSION ALONG THE GREAT LAKES (EP-006) WE HAVE MET THE ENEMY (EP-021)
COASTAL PROCESSES AND EROSION (EP-007) IT'S EVERYONE'S SEA: OR IS IT? (EP-022)
POLLUTION IN LAKE ERIE: AN INTRODUCTION (EP-008) PCBs IN FISH: A PROBLEM? (EP-023)
YELLOW PERCH IN LAKE ERIE (EP-009) A GREAT LAKES VACATION (EP-024)
EVIDENCE, OF ANCIENT SEAS IN OHIO (EP-010) STORM SURGES (EP-025)
TO HARVEST A WALLEYE (EP-011) RIVER TREK with computer program (EP-026)
OIL SPILL! (EP-012) WAVES (EP-027)
SHIPPING ON THE GREAT LAKES (EP-013) LAKE LAYERS: STRATIFICATION (EP-28)
GEOGRAPHY OF THE GREAT LAKES (EP-014) NUTRIENTS IN THE GREAT LAKES (EP-029)
OHIO CANALS (EP-015) EATING LIKE A BIRD (EP-030)

OEAGLets

In the primary grade range we have three activitics. All use Lake Erie information applied to all primary subject areas.
Each title costs $5.00 for the publication, postage, and handling.

LAKE ERIE--TAKFE A BOW (EP-031)
BUILD A FISH TO SCALE (EP-032)
A DAY IN THE LIFE OF A FISH (EP-033)

COMPUTER PROGRAMS
All programs run on Apple II computer series.

EP-24/Disk This program is an optional purchase to accompany OEAGLS A GREAT LAKES VACATION. $4.00
EP-74/Disk To accompany OEAGLS EP-011, 019, 021, and 023. $5.00

ADDITIONAL EDUCATIONAL MATERIALS

SUPPLEMENTAL CURRICULUM ACTIVITIES TO ACCOMPANY HOLLING C. HOLLING'S
PADDLE-TO-THE-SEA (EP-076) $10.00
ACTIVITIES FROM MIDDLE SEA (EP-071) $2.50
WATERWORKS (EP-072) $2.50
THE OHIO SEA GRANT EDUCATION PROGRAM: DEVELOPMENT, IMPLEMENTATIGN, EVALUATION (EP-075) $8.00
MARINE EDUCATION BIBLIOGRAPHY $2.00

OTHER PUBLICATIONS AVAILABLE

TWINE LINE Sea Grant eight-page bimonthly newsletter. $4.50 for six issues.

PUBLICATION BROCHURE Free.

EDUCATION BROCHURE Free.

TECHNICAL PUBLICATIONS BROCHURE Free.

SEA GRANT PROGRAM BROCHURE Free.

GREAT LAKES PURSUIT S.E. Pflaumer and R.W. Fortner. A game played like Trivial Pursuit ® but the questions challenge players to
learn about the Great Lakes. $24.00 (Reduced price available for educators.)

TOO MUCH MUSSEL 1991. This 5 1/2 minute video (VHS format) provides an overview of the zebra mussel impact to Lake Erie.
$15.00

GLOBAL CHANGE IN THE GREAT LAKES SCENARIOS 1991, Ten scenarios about global change in the Great Lakes. $6.0¢
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