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Introduction
Where are the Great Lakes in your curriculum? Where do you teach modeling? Invasive species? Socio-
ecological systems? Mussel Madness creates unique opportunities for interactive, individual, and cooperative 
learning experiences aligned with established educational standards and goals. This board game, inspired 
by the invasion of the mussels that reengineered Great Lakes’ food webs, affords middle-grade educators the 
opportunity to integrate the Great Lakes into their science, social studies, and English Language Arts curriculum. 
This curriculum includes a suggested lesson plan, standards alignment, resource-rich elective content modules 
for both grades 4-5 and 6-8, a suggested pre- and post-test assessment, and a guide to integrate data collection 
and analysis with gameplay. This document is supplemented by links to online resources, including an eight-
minute film on the mussel invasion, Life in Our Lake, available at musselmadnessgame.com.

Modules Overview

Mussels! 
 Watch Life in Our Lake film, read background on mussel impact, respond through worksheet.

Gameplay
 Play the game, experience the game as a model system in action, make choices, observe feedbacks.

Game Data
 Collect, visualize, and interpret gameplay data.
 Play game again, discuss results.

Watershed
 Identify your watershed (overlap with Stormwater module).
 Create a video sharing your love for your Great Lake and actions you will take to care for your watershed.

Invasives 
 Review food-web disruption and invasives content.
 Write persuasive essay to policymaker about an invasive species threat and your recommendation. 

Stormwater
 Review rainfall, weather, and land-use maps and data (overlap with Watershed module).
 Use real data and model values to calculate expected stormwater impacts from your local land uses.

Costs & Benefits
 Review, research, and discuss Great Lakes Compact and compare the game system to real systems.
 Debate a water policy using data and science-based arguments.

http://www.musselmadnessgame.com
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Day 1 1. Pre-test (optional)
 2. Watch Life in Our Lake 8-minute film
 3. Read/assign Mussels! Sheet (optional)
 4. Read/assign Game Rules
 5. Read/assign Glossary (optional)
 
Day 2 1. Play Game
 2. Game Data
 
Day 3 1. Review Game Data
 2. Play Game Again
 3. Game Data (again)
 4. Post-test (optional)

Elective Content Modules (separate days or workstations)
 Watershed 
 4-5 6-8
 1. Identify watershed 
 2. Read/respond to stories/data 
 3. Connect to other watersheds 

 Invasives 
 4-5 6-8
 1. Identify invasives 
 2. Review/respond to stories/data 
 3. Write to persuade 

 Stormwater 
 4-5 6-8
 1. Identify stormwater 
 2. Engage with data 
 3. Identify mitigation/adaptation 

 Costs & Benefits
 6-8
 1. Organize teams
 2. Research topic
 3. Debate round 1
 4. Debate round 2
 5. Decision/discussion

http://www.musselmadnessgame.com


Mussels! Gameplay Game Data Watershed Invasives Stormwater Costs & Benefits
Next Generation Science Standards

1. Question X X
2. Model X X
3. Investigate X X
4. Analyze Data X X X X X
7. Argue X X
8. Communicate X X X X X X
1. Patterns X X X X X X X
2. Cause & effect X X X X X X X
3. Scale X X X X X X X
4. System X X X X X X X
5. Stocks/fluxes X X X X X X X
6. Structure/function X X X X
7. Equilibrium/change X X X X X X X
LS1.B: Growth and 
Development of Organisms X X X X X

LS2.A: Interdependent 
Relationships in 
Ecosystems

X X X X X

LS2.B: Cycle of Matter and 
Energy Transfer in 
Ecosystems

X X X X X

LS2.C: Ecosystem 
Dynamics, Functioning, and 
Resilience

X X X X X

LS4.D: Biodiversity and 
Humans X X X X X

ESS3.C: Human Impacts on 
Earth Systems X X X X X X X

ETS1.B: Developing 
Possible Solutions X X X X X

Common Core Standards
RF.4-5.3-4: Reading 
Foundational Skills

X X X X X

RI.4-5.1-9: Reading 
Informational Text

X X X X

W.4-5.6: 
Writing/Production

X X X

W.4-5.7: Writing/Research X X X

RL.6-8.1-3,7: Reading for 
Literature

X X

RI.6-8.1-7: Reading 
Informational Text

X X X X X

W.6-8.1,6-7: 
Writing/Production and 
Research

X X X X

SL.6-8.1-6: Speaking and 
Listening

X X X
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1. What are the five Great Lakes?

2. Which Great Lake is closest to me?

3. What is a watershed?

4. Is the water of the Great Lakes today generally clearer or murkier than it was twenty years ago?

5. What is an invasive species?

6. What are three examples of aquatic invasive species?

7. Why do invasive species matter to us?

8. How does a watershed affect a lake?

9. What is the Great Lakes Compact?

10. Why is the Great Lakes Compact important?

http://www.musselmadnessgame.com
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1. What are the five Great Lakes?
 Superior, Michigan, Huron, Erie, Ontario

2. Which Great Lake is closest to me?
 *

3. What is a watershed?
 area of land that drains into a body of water

4. Is the water of the Great Lakes today generally clearer or murkier than it was twenty years ago?
 clearer due to mussel filtering

5. What is an invasive species?
a living thing that, when in a new territory, does really well at surviving and reproducing in its new home, 
and negatively affects native species or systems in ways that humans don’t like.

6. What are three examples of aquatic invasive species?
 quagga mussels, zebra mussels, VHS fish virus, killer shrimp, Asian carp, Phragmites reed, purple loosestrife

7. Why do invasive species matter to us?
they disrupt systems in unexpected, significant ways bringing economic costs from decreased or dramatically 
altered ecosystem function in addition to costs in trying to control the spread and prevent the introduction of 
new species

8. How does a watershed affect a lake?
 land use in a watershed affects water quality in its lake

9. What is the Great Lakes Compact?
agreement with the force of law since 2008 among the eight U.S. states bordering the Great Lakes that 
prohibits bulk diversions of water outside of the basin, encourages conservation measures inside the basin, 
and provides a legal process for communities bordering the basin divide to apply for Great Lakes water.

10. Why is the Great Lakes Compact important?
 sets a legal precedent for protecting water inside the Great Lakes basin in the face of increased water scarcity.

 for teachers answer key

http://www.musselmadnessgame.com
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Cladophora - underwater Great Lakes plant. Mussels clear the water, letting light down deeper for 
Cladophora to grow. When Cladophora washes ashore, it looks nasty and stinks.

Climate Change - the disruption of Earth’s climate because of extra heat trapped by carbon gases 
released by human activity in the past and present. The atmosphere has warmed over the past hundred 
years and is expected to warm even more over the next hundred. The climate affects more than just 
weather patterns. Climate change also affects ice melt and the behaviors of plants and animals.

Food Web - the energy interconnections among organisms. An aquatic food web starts with the sun. 
Phytoplankton turn sunlight into energy. Other organisms eat them. Fish eat other organisms.

Great Lakes Compact - agreement by Great Lakes states that outlaws water diversions out of the basin. 
It sets a legal precedent for protecting water inside the Great Lakes basin.

Impervious - a type of surface that forces water to flow over it. Examples are roads, parking lots, and 
rooftops. The opposite of impervious is porous, a type of surface with holes that lets water seep in.

Infiltration - when water seeps into the ground instead of flowing over a surface.

Invasive Species - a living thing that, when in a new territory, does really well at surviving and 
reproducing in its new home, and negatively affects native species or systems in ways that humans don’t 
like. Invasives are often transported by humans.

Phosphorus - a key nutrient for aquatic life. It’s a problem when too much of it overwhelms a river or 
lake. One of its sources is farm runoff because phosphorus is used as a fertilizer to help plants grow.

Stormwater - water from rain that flows over surfaces before it drains into a body of water. Stormwater 
quantity and quality are both challenges. Storms can overwhelm sewer systems and lead to overflows or 
basement backups. Stormwater also transports pollution to waterways. 

Watershed - an area of land that drains into a body of water. When rain falls in a watershed, it flows into 
one body of water. How humans use land in a watershed determines water quality.

http://www.musselmadnessgame.com
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Cladophora - a type of underwater plant (actually a macro-algae) that attaches to rocks and hard surfaces in 
the nearshore zones of the Great Lakes. Invasive mussels have cleared the water so that light penetrates deeper, 
extending the range and dominance of Cladophora. When it washes ashore, its smelly decay fouls our beaches.

Climate Change - the disruption of Earth’s climate system where additional heat is trapped by carbon gases 
released into the atmosphere by human activity, past and present. The raising of the average global atmospheric 
temperature is known as global warming. Warming has been documented by data collected over the past hundred 
years, and much more is expected over the next hundred years given current carbon levels in the atmosphere. 
The climate system is complex with many feedback mechanisms, so even small changes in the amount of 
atmospheric heat are driving dynamic changes in weather patterns, ice melt, ocean acidity, sea level, cloud 
formation, and the behavior patterns of living things.

Food Web - the energy interconnections among organisms. An aquatic food web starts with the sun, whose 
energy flows into phytoplankton, which are consumed by other organisms, ultimately consumed by fish.

Great Lakes Compact - an agreement with the force of law since 2008 among the eight U.S. states bordering the 
Great Lakes that prohibits bulk diversions of water outside of the basin, encourages conservation measures inside 
the basin, and provides a legal process for communities bordering the basin divide to apply for Great Lakes water.

Impervious - a type of surface that forces water to flow over it. Examples are roads, parking lots, and rooftops. 
The opposite of impervious is porous, a type of surface with holes that lets water seep in.

Infiltration - when water seeps into the ground instead of flowing over a surface.

Invasive Species - a living thing that, when in a new territory, does really well at surviving and reproducing in 
its new home, and negatively affects native species or systems in ways that humans don’t like. Invasives are often 
transported by humans.

Phosphorus - an element that is a key nutrient for aquatic life. It’s a problem when too much of it overwhelms a 
river or lake. One of its sources is farm runoff because phosphorus is used as a fertilizer to help plants grow.

Stormwater - water from rain that flows over surfaces before it drains into a body of water. Stormwater quantity 
and quality are both challenges. Storms can overwhelm sewer systems and lead to overflows or basement 
backups. Stormwater also transports pollution to waterways. 

Watershed - an area of land that drains into a body of water. When rain falls in a watershed, it flows into one 
body of water. How humans use land in a watershed determines water quality.

http://www.musselmadnessgame.com
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What are mussels and why should we care?

Mussels are like little clams. Each one is about the size of a quarter, but 
trillions of them are now living on the bottom of the Great Lakes! 

(A trillion is a million millions and a million is a thousand thousands!) 
1,000,000,000,000 = 1 trillion

The mussels eat by sucking in water. They eat what is in the water, tiny 
critters called plankton. They filter what they want and spit out the rest. This 
is how they clear up the water. Since there are so many mussels, they clear 
the water a lot. But that means there is less food for other critters to eat.

Mussels stick to rocks and other hard surfaces. They also stick to each other. 
Zebra and quagga mussels are two types of mussels that originally came 
to the Great Lakes from Europe. They first came to the Great Lakes in the 
1980s and 1990s in the ballast water of ocean-going ships. Ballast water is 
water that ships carry with them so they don’t tip over. When ships dump 
out that water, critters like mussels often come along too. These kinds of 
critters are called invasive species because they are invading a new territory.

Once they got here, the mussels found the Great Lakes a great place for 
eating and making baby mussels. Few critters wanted to eat them here and 
there was plenty of food, so over just a few years, their numbers exploded! 
Now the mussels have done so well that they have actually changed how 
the Great Lakes work. Instead of lots of food for fish in the open lake, the 
mussels have sucked a lot of that food to the lake bottom, where they live 
and poop. This is a big change that happened over a short amount of time.

Mussels make their 
shells from calcium 
carbonate.

Mussels suck in water 
with their powerful 
siphons and filter food, 
like plankton, from it.

By clearing the water, 
mussels have altered 
Great Lakes food webs.

Did you know...
There are more mussels 
in our lakes than stars 

in our galaxy.

http://www.musselmadnessgame.com
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What are mussels and why should we care?

Mussels are filter-feeding shelled organisms. Each one is about the size of a quarter, 
but trillions of them are now living on the bottom of the Great Lakes. By all that 

filtering, they have made the water much clearer than it was just twenty years ago! With 
their powerful siphons, they suck nutrients and tiny organisms like phytoplankton and 
zooplankton out of the water. Mussels stick to rocks and other hard surfaces. They also 
stick to each other. Zebra and quagga mussels are two types of Dreissena mussels that 
originally came from Eastern Europe in the Ponto-Caspian region. They came to the 
Great Lakes in the 1980s in the ballast water of ocean-going ships. Once here, they found 
a great environment to exploit with no natural predators or competitors. The mussels 
have been so successful that they have re-engineered the food webs of the Great Lakes, 
driving energy to the lake bottom.

For video and visualizations on how mussels have re-engineered aquatic food webs, go to 
musselmadnessgame.com and click on the “Learn” page.

Mussels make their 
shells from calcium 
carbonate.

Mussels suck in water 
with their powerful 
siphons and filter food, 
like plankton, from it.

By clearing the water, mussels have altered Great Lakes food 
webs from the bottom up. Mussels siphon plankton from the 
water column. Fish then have to find other food. Cladophora 
algae takes over because light penetrates deeper.

The proliferation of quagga mussels has been rapid. 
In less than 10 years, they displaced zebra mussels 
to become the dominant invasive species in Lake 
Michigan. Quaggas can live deeper and on more sandy 
surfaces than zebras. 

Credit: NOAA GLERL

Did you know...
There are more mussels in 
our lakes than stars in our 

galaxy.
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Watch the 8-minute film Life in Our Lake by Michael Timm and answer the following questions.

1. How can something so small, like a quagga mussel, make a difference in such a big world?

2. What is one thing that baby lake perch (the fish in the film) eat?

3. What are phytoplankton and how do they get energy?

4. How did mussels enter the Great Lakes?

5. How do mussels feed? What do they eat?

6. What are two reasons we should care about mussels clearing the water?

7. How did you feel when the movie music changed? Why do you think the filmmaker changed the music?

BONUS QUESTIONS (thinking and researching beyond the video)

8. When, respectively, were quagga and zebra mussels first detected in the Great Lakes? 

9. About how many quagga mussels are in the Great Lakes today? How do we know?

10. What are some ways to prevent the spread of invasive species like mussels?

http://www.musselmadnessgame.com
http://www.musselmadnessgame.com/the-idea
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1. How can something so small, like a quagga mussel, make a difference in such a big world?
the cumulative effect of the collective filtering action of the mussels made a difference even though each one 
individually is very small

2. What is one thing that baby lake perch (the fish in the film) eat?
 plankton, phytoplankton, zooplankton

3. What are phytoplankton and how do they get energy?
 little floating organisms that use photosynthesis to get their energy from sunlight

4. How did mussels enter the Great Lakes?
 ballast water discharge from ocean-going freighters

5. How do mussels feed? What do they eat?
 they suck lake water in through their siphons and they eat plankton and other suspended nutrients

6. What are two reasons we should care about mussels clearing the water?
 it reduces food for fish; it clears water so more light penetrates deeper, which helps nuissance algae grow

7. How did you feel when the movie music changed? Why do you think the filmmaker changed the music?
 *

BONUS QUESTIONS (thinking and researching beyond the video)

8. When, respectively, were quagga and zebra mussels first detected in the Great Lakes? 
 zebras: 1980s, quaggas, 1990s

9. About how many quagga mussels are in the Great Lakes today? How do we know?
trillions; estimates based on lake-bottom counting and collection and multiplying times approximate area of 
suitable lakebed substrate

10. What are some ways to prevent the spread of invasive species like mussels?
ballast water treatment, keep ocean ships off the Great Lakes, clean off boats completely, electric barriers in 
rivers against carp, separating waterways physically, stopping aquarium pet releases or live trade

 for teachers answer key

http://www.musselmadnessgame.com
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Grades 4-5, 6-8

The Game as a Model
Playing Mussel Madness is fun, but it also affords the opportunity for student-players to collect and analyze data 
from their own playing experiences. The game is a simulator—much like a scientific model is a simulator of real-
world processes designed to better understand them. The game makes simplifying assumptions about the world 
(the rules), and recurring parameterized random factors (cards drawn, dice rolled, spinners spun) plus human 
choices (what players decide to do with their Fish Bucks and Adaptation cards) all affect the outcome. Because 
Mussel Madness simplifies the aquatic food web and the economic benefit derived from healthy Great Lakes, the 
data gathered from gameplay is uniquely connected to real-world socio-ecological systems in ways that make for 
meaningful discussion and analysis in and beyond the classroom. It is also relatively easy for student-players to 
collect data that can be represented and interpreted in multiple meaningful ways. Above are simplified pathways 
to guide your use of this module. Below are details and suggestions for expanding the activities.

I haven’t done this before. 
What is a basic lesson plan?

Print one Game Data sheet 
per student. (Page 18 of PDF)

Each student uses their sheet 
to track the Phytos, Fish 
Bucks, and Mussels in their 
Great Lake at the end of each 
turn for up to 20 turns or until 
the end of the game. Have 
them use the first three rows of 
the Data Collection table.

After the game, each student 
plots their three line graphs in 
the Data Visualization plot.

Compare patterns of different 
Lakes and discuss trends.

I’ve got the basics. My 
students are motivated. Let’s 
go deeper.

Print two Game Data sheets 
per game board.

Select a student “Scientist” 
and “Economist” to track 
Phytos and Fish Bucks 
respectively in all the Lakes 
in their game. Use the space 
below the diagonal to track 
Mussels per Lake per turn.

After the game, have students 
use their data to compare how 
Fish Buck and Phyto stocks 
varied over time in each Lake. 
Plot Mussels as points for 
comparison.

We know what we’re doing. 
Let’s explore the possibilities.

Use collected and visualized 
data to ask and answer 
advanced questions.

Do Lakes with more Fish 
Bucks have fewer Mussels? 
Why/why not?

What patterns vary between 
the first game played and 
subsequent games?

Ask students to swap Game 
Data sheets and interpret data/
visualizations from another 
game. How do the actual game 
histories compare with the 
interpretations?

http://www.musselmadnessgame.com


 for teachers game data
Data Collection
The student Game Data worksheet 
provides a data collection table of 6 
rows and 21 columns. The first row is 
intended as a header to identify the 
nature of data collected (for example, 
Phytos or Fish Bucks) in the upper-
left cell, and time-step values across 
the top row (1-20). Then there are five 
rows available for student use. 

The simplest suggestion is to track 
up to five Lakes from one game on 
one sheet. Variations could include a 
roving student whose responsibility 
is to track all Huron values in the 
room, for example. Students can 
alternatively use notebook paper for 
data collection since worksheet space 
is limited. Students may be pre-
assigned a particular Lake or value that they are responsible for tracking (e.g., Phytos, Fish Bucks, Mussels). This 
could be an individual assignment for each player. Or, as in Pathway 1, each student can use the sheet to track 
Phytos, Fish Bucks, and Mussels in only their Lake, using the first three rows. See the Lake Erie example below.

It is also possible, as suggested in Pathway 2, for several students not playing the games themselves to be assigned 
special roles at their game board. “Scientists” are responsible for tracking Phytos/Mussels. “Economists” are 
responsible for tracking Fish Bucks/Mussels. (If five or more students are each assigned to a game board, then 
it is possible for two students to perform these roles at one board while three or more students play as the 

Lakes. Later, roles can be swapped. 
Responsibilities for data collection and 
data visualization can also be divvied 
up depending on your class needs and 
student motivation level.

The table cells are divided diagonally 
to provide space for noting the 
corresponding number of Mussels 
in each Lake in the bottom right, 
while noting Phytos or Fish Bucks in 
the upper left. It’s important to track 
Mussels because tracking Mussel 
numbers will better enable students to 
explain patterns that emerge in their 
Phyto and Fish Bucks data.  See the 
next page for an example.

game data
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Sample Data from Actual 
Game Run
Your students’ data will vary from game to 
game. These examples demonstrate how 
you may ask them to record and visualize 
gameplay data.

A three-round, three-player game lasts 
about an hour, so invite two other students 
to be the “Scientist” and the “Economist.” 
The Scientist tracks the Phytos and Mussels 
in each Lake at the end of each player’s turn. 
The Economist tracks the Fish Bucks and 
Mussels in each Lake at the end of each 
player’s turn. 

Instruct students to record these numbers in their Data Collection table, noting the number of Mussels 
in each Lake in the bottom right of each table cell. At the end of the game, students can graph plots 
showing how Phyto and Fish Buck stocks fluctuated over time. They can add points or stars to represent 
the number of Mussels in each Lake. This enables invasion impacts to be discussed. 

Students should be encouraged to connect their experience and recollection of the gameplay with the 
data. What happened at graph peaks and valleys? When did Al G. appear or a Research Fund apply? 

Equally important to their analysis is discussion of what doesn’t show up in the graph. When did Lakes 
cooperate? When did Lakes change their strategy about spending Fish Bucks to help other Lakes? Can 
Fish Bucks per Lake at any point be used to predict whether the Great Lakes will win or lose against the 
Mussels?

These sample data demonstrate a “losing” 
scenario because despite the late actions of 
all Lakes to fend off increasingly aggressive 
Mussel invasions, Lake Erie lost all its 
Phytos by the time flagship Lake Superior 
finished the third and final round. 

Your classroom’s data will vary depending 
on player choices and random factors like 
dice rolls and spins of the Mussel Multiplier. 
Expect it to vary widely, but also expect the 
opportunity to discuss why this is so and 
how one can nonetheless interpret a data set 
based on an understanding of fundamental 
system principles.

Scientist’s Phytos & Mussels Data for Three Lakes

Economist’s Fish Bucks & Mussels Data for Three Lakes

for teachers game data



Economist’s Fish Bucks & Mussels Data for Three Lakes

for teachers game data
Teachers may also suggest that student data recorders note 
when each Lake passes its Vernal Equinox by making a 
vertical mark in their data table. This will help students to 
interpret annual pulse fluxes of Phytos as each Lake passes 
the Vernal Equinox. Marking the passage of the Equinox is 
also useful because the randomness of dice rolls will cause the 
length of a round for each Lake to vary in terms of number of 
turns. Please see the examples.

Data Visualization
The student Game Data worksheet provides space for 
graphical representation of data gathered. The simplest 
time-step suggestion is to make each X value worth one roll 
of the dice. The X-axis is prelabeled 1-20 to make this easy 
to connect with the Data Collection table. Please see the 
examples. The Y-axis can be used to record per-Lake Phyto 
or Fish Buck (and Mussel) values with each Y value worth 
one unit (to be labeled as appropriate). Students can denote 
each Lake with a different color and compare stocks over 
time on a single plot (e.g., Y = Phytos, X = time). If following 
Pathway 2, you may find that assigning Phytos and Fish Bucks 
to different students is easiest, but remember to have both 
parties track Mussels as well. Students should be instructed 
to label and mark their axes, title their graph, and invited to 
quality-control their data by having another student verify 
that data collected matches data points visualized.

Discussion & Analysis
Students should share their graphs and be invited to explain 
what was happening in their game as they played. When/why 
did Phyto populations surge or crash? When/why did Mussels 
take hold or explode? How did players respond to these 
changes? What was the impact of Al G. on Phytos and Fish 
Bucks? What about Research Funds? 

Teachers should lead discussion to identify trends in the data, 
variation in the data, and how to interpret (and how not to 
interpret) apparent patterns. For example, a typical Phyto/
time graph will relate with the appearance of Mussels because 
Mussels eat Phytos. So we would expect that an uptick in 
Mussels will reveal a corresponding downturn in Phytos. 
Where is this seen in student graphs? Teachers can take the 
next step and suggest how we might discern one phenomenon 
even if we did not have direct data on the other. 

How rapidly did Mussels proliferate under different policy 
conditions (whether players spent Fish Bucks to eradicate 

Discussion Question 
Examples

When did Lakes cooperate?

When did Lakes change their 
strategy about spending Fish 
Bucks to help other Lakes?

When/why did Phyto 
populations surge or crash?

When/why did Mussels take 
hold or explode?

How did players respond to 
these changes?

What was the impact of 
Al G. on Phytos and Fish 
Bucks? What about Research 
Funds?

Where in your graphs do you 
see the relationship between 
an uptick in Mussels and a 
downturn in Phytos?

Can you detect a cyclical 
pattern of Phyto recharge? 
Or is it masked by other 
signals? To what does this 
signal correspond in the real 
world?



them)? Do any patterns emerge in the average time when 
players decide to spend Fish Bucks on removing Mussels? If 
Fish Bucks are tracked over time and a Lake has low Fish Bucks 
but yet removed many Mussels, what are some possible things 
that might have caused this (playing an Adaptation card or 
receiving Fish Bucks help from another Lake)? 

It could also be meaningful to task student teams with 
interpreting the data visualizations from teams that did not 
play their particular game and asking them analytical questions 
inspired by the above. How accurately can others use data and 
a shared sense of how the game works to reveal the historical 
patterns of change in an “alternative universe” scenario of their 
own system? What does this teach them about how the system 
works? What does this teach them about how the scientific 
method works? About how models work? How do they deal 
with any data gaps? About the challenges and variables involved 
in such analysis? 

Teachers can also lead students to the kinds of scientific 
questions that the data themselves suggest (e.g., How could 
we test if a drop in Phytos without a drop in Fish Bucks was 
due to an Adaptation card being played or Fish Bucks help 
from another Lake? What data would we need to confirm our 
hypothesis?) 

Another more subtle but environmentally meaningful example 
from Phyto/time data would be to track the “annual” Phyto 
recharge for passing the Vernal Equinox. Unless blocked by 
Al G., each Lake should register this 1-Phyto uptick signal 
cyclically. Is this cyclical pattern visible? Is it stronger in some 
Lakes? Does this signal get masked by other signals? This 
generally corresponds with the real-world bloom of plankton after the upper and lower layers of lake water mix 
in the spring, bringing oxygen down from above and nutrients up from below. The roll of the dice randomizes 
at precisely which turn a Lake will experience simulated spring, reflecting how climate changes are impacting 
seasonal biogeochemical cycles. How do other factors make it difficult to detect this signal?

Behavior Change
If classroom time is available the next day, teachers should task students with playing the game again. This time, 
individual students or teams can be charged with deploying behavior strategies (e.g., Get a Research Fund as 
soon as possible; Remove the first Mussel from your Lake immediately if you can afford to).

And/or, students can be left to simply play the game again now that they have had the opportunity to reflect 
on the various dynamics at play. Will they play differently? Do the data collection/visualization exercise again. 
Compare results from the first gameplay session with the second. Discuss any trends. If no trends appear, discuss 
how/why random factors pay a large impact in natural systems. This is “doing science.” The real world is messy. 
Share your class data with the Mussel Madness educational community at musselmadnessgame.com.

for teachers game data

Discussion Question 
Examples

Do students play differently 
the second time they play the 
game? What signals in the 
data reveal or suggest any 
behavior changes?

How do random factors 
impact the game system as 
reflected in the data and 
compared to player histories? 

How big a role does “natural” 
variation play in obscuring 
expected trends?

What factors push the 
system toward “win” or 
“lose” states?



for teachers game data
Games will vary widely, and there will be some “losing” scenarios despite players’ best efforts. Especially if there 
are a surplus of “winning” scenarios the first day, however, there is also an intriguing option of commissioning a 
player or sets of players with the covert mission of trying to wreck the system and lose the game. The teacher can 
determine how to keep this player’s mission a secret, but if successful it can be revealed in the subsequent data 
visualization and discussion after gameplay. The most dangerous such player would be the one most likely to 
correctly answer the most Adaptation cards, since they would wield the most strategic flexibility. What strategies 
were tried and which were effective in pushing the system toward a “lose” state in terms of Phytos, Fish Bucks, 
and Mussels? What counter-strategies did “win” players enact in the face of this subversion? What happened?

Advanced Work
Teachers should tailor the above strategies according to their needs and student capacities, but it should be 
noted that capable students can graph results using standard spreadsheet programs like Microsoft Excel or 
Google Sheets instead of on paper. (See musselmadnessgame.com for more opportunities to learn from other 
classrooms and to share your results.) Students can also be challenged to provide deeper data analysis. For 
example, instead of only plotting stocks and fluxes versus time, are behavior patterns revealed when economic 
factors (Fish Bucks per Lake/s) are plotted versus environmental factors (Phytos or Mussels per same Lake/s)? 
Are “rich” Lakes healthier than “poor” Lakes? “Rich” game systems healthier than “poor” game systems? Does 
this change over time? Are Mussels equalizers or exacerbaters of such relationships? What about Fish Bucks vs. 
Research Funds? Are “smart” Lakes “richer”? Do we have enough data to answer questions like these? The rate 
of new Mussel invasions is effectively random for all Lakes, so comparisons as above may allow for advanced 
students to explore subtle patterns from the data in ways both intuitive and counterintuitive—with tensions and 
connections between gameplay data and their gameplay experience creating educational enrichment. Students 
may be invited/challenged to use their data in new ways. Can it reveal individual player tendencies? Did player 
tendencies change as the game conditions changed? What factors are most important in predicting “win” states? 
Teachers may also choose to aggregate data from all Lakes in a multi-game-board classroom, or with data from 
the online community, and make observations about Mussel Madness as a systemic model. What factors drive 
players to particular system states? The game is a simplified scientific model. Ask students to identify what 
governs the system behavior. Where are there system feedbacks?

Students can also be invited to compare their Mussel Madness simulation data with real-world data sets of 
plankton stocks. Below are two references including data visualization of the decline of the zooplankton 
Diporeia, which feeds on phytoplankton that mussels filter from the water column. Fish like to eat Diporeia, so its 
disappearance reverberates through the food web (much as a decline in Phytos leads to a decline in Fish Bucks). 
The UW-Milwaukee School of Freshwater Sciences produced a handy four-page primer on food-web disruption 
available here: http://www.glwi.freshwater.uwm.edu/ourwaters/documents/FoodWebWeb.pdf.

The Research Vessel EPA Lake Guardian blog also includes handy Diporeia and quagga mussel density plots that 
show the story of zooplankton decline and mussel abundance well (and updates the Diporeia decline noted in the 
food web document above): https://rvlakeguardian.wordpress.com/2015/07/21/csmi-lake-michigan-benthos/
Of course, correlation does not imply causation, and scientists are working to determine the precise mechanism 
that connects the increase in mussels with the decline in Diporeia. Is it disease, competition, or some 
combination? Questions like these are why it’s so important to continue to gather data over time and space, so 
that patterns can be observed and meaning interpreted. To underscore the importance of data, a challenging 
exercise would be to cut out half of a student’s data points collected from playing Mussel Madness and ask them 
to interpret what remains. How would this analysis compare to a partner who enjoyed the whole data set?

http://www.glwi.freshwater.uwm.edu/ourwaters/documents/FoodWebWeb.pdf
https://rvlakeguardian.wordpress.com/2015/07/21/csmi-lake-michigan-benthos/
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Introduction
The Great Lakes basin is the area of land that drains into the five Great Lakes. It includes the watershed for each 
of the five Great Lakes—Superior, Michigan, Huron, Erie, and Ontario. Each of the Lakes in turn drains into 
the St. Lawrence River and ultimately into the Atlantic Ocean. Think of the Great Lakes like a giant river, slowly 
flowing eastward. The basin occupies parts of eight American states (Minnesota, Wisconsin, Illinois, Indiana, 
Michigan, Ohio, Pennsylvania, New York) and two Canadian provinces (Ontario and Quebec). The only Lake 
entirely within the United States is actually Lake Michigan. 

Other Great Curricular Resources*

Port Exploreum Watershed Curriculum
http://www.portexploreum.com/
The Port Exploreum in Port Washington, Wis. commissioned a marvelous free curriculum package called the 
Lake Michigan Learning Lab. Created by educational consultant Dave Libert, the LMLL serves educators of 
the middle- and high-school grades who will find overlaps with the Mussel Madness curriculum’s Watershed 
and Stormwater modules. The LMLL goes far beyond what is offered here, however, with detailed lesson plans 
and exercises touching on other water science activities for younger and older learners. The LMLL also builds 
a curricular scaffold around the Port Exploreum’s Virtual Watershed interactive touch table, which group 
student tours can experience during field trips. The Virtual Watershed exposes students to some of the trade-offs 
between economic and environmental choices and consequences also experienced in Mussel Madness. In the 
Virtual Watershed, students design different land uses for agricultural, suburban, urban, and industrial areas and 
discover how the land uses they select impact water quality in their watershed. This exhibit launched in late 2016. 
Despite its name, the curriculum is viable even if your school is not in a watershed that drains to Lake Michigan. 

Green Schools Consortium of Milwaukee
http://www.gscm.refloh2o.com/
The Green Schools Consortium of Milwaukee is a network of K-12 educators sharing best practices to integrate 
green infrastructure and water/energy sustainability projects into curriculum. An annual conference occurs in 
June. Resources are available through GSCM processes to jump-start school green infrastructure projects and 
help organize internal school “green teams” who operate and maintain built projects over time.

*The author is or has been involved with both referenced entities.

Source: Ohio DNR

for teachers Watershed resources

http://www.portexploreum.com/
http://www.gscm.refloh2o.com/


for teachers Watershed resources
When playing Mussel Madness, each player receives a blue Watershed card associated with their Great Lake. On 
one side of the card is a green boundary identifying the watershed, or area of land that ultimately drains into 
that lake. On the back, there are also some basic human and physical geography quantities associated with each 
watershed for comparison. In the game, these cards serve to build identification between players and place, 
enhancing the sense of ownership and identification with the Great Lakes as a system and also with a particular 
lake that is the player’s character. In reality, understanding watersheds is a critical component to learning about 
water science, policy, environmental health, and the challenges and opportunities of cooperative action within 
and across physical and political boundaries. But what is a watershed? Do you know what watershed you are in 
right now? Where is your students’ watershed? Why should you care about your watershed? How can you teach 
about watersheds? Below, please find some online resources and suggestions you can use as you see fit.

EPA Public Drinking Water Systems
http://www.epa.gov/enviro/facts/sdwis/search.html
Research where you get your drinking water from at the EPA Public Drinking Water Systems database. Find 
your community. Does it get drinking water from surface water or groundwater? What was the most recent safe 
drinking violation? Once you find your community’s drinking water system name, see if it has a website and look 
for the latest water quality report. How is your water treated? What is the quality of your drinking water? Does 
your system report compare the quality of source water, treated water, and system water?

Wiki Watershed
http://wikiwatershed.org/
The Stroud Water Research Center has created this amazing web-based tool to help you and your students 
understand and explore watersheds. Guide your students to the Model My Watershed app. Select the HUC-12 
(HUC for “hydrological unit code”) boundaries so that you can see your local watershed. Explore the tool. Draw 
a closed boundary to analyze land use and soil type within areas of different watersheds, compare, and discuss 
how land use affects how stormwater will flow through the watershed and how this affects water quality. Based 
on the source of your local drinking water, discuss how this might affect the quality of your drinking water. How 
might water quality affect aquatic life? How might stresses from watershed land use combine with stresses from 
invasive species to affect algal and fish populations in receiving waters?

USGS National Map Viewer
http://viewer.nationalmap.gov/viewer/
Find and identify your watershed and subwatershed on the USGS National Map Viewer. (This affords similar 
educational opportunities to Wiki Watershed but the interface is less friendly so is recommended for your 
advance use in comparing spatial data sets.) Zoom in and out to explore the relationships of your local 
subwatershed to your watersheds and neighboring watersheds. Click on the “Hydro-NHD” layer. This will show 
watersheds and subwatersheds. What river or rivers drain your watershed? How far are you from the nearest 
Great Lake? Then toggle on the National Land Cover Database layer. Compare Land_Cover_1992 with Land_
Cover_2011_CONUS. Adjust transparency for land cover layer to get a sense of land use within watersheds. 
Discuss how various land uses in your watershed may affect water quality in your Great Lake.

GLEAM Interactive Great Lakes Stressors Map
http://www.greatlakesmapping.org/home
Interactive maps are no longer available at this site, but you can still access static map imagery in various 
PowerPoints from the Media Library page. This research team identified and visualized the spatial variability and 
cumulative impacts of 34 Great Lakes stressors. Compare the stress levels of the various Lakes with the land use 
within respective Lake watersheds. Discuss how watersheds affect water quality.
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What is a watershed and why should we care?

A watershed is the area 
of land that drains 

into a body of water. 
When it rains on a 

watershed, that water 
flows into the local river 
and lake. (Water that falls 
outside one watershed 
flows into another one.)

Water in a watershed 
takes all the pollution it 
touches with it downhill 
into our rivers and lakes. 

That means that faraway 
farms, cities, and suburbs 
in the same watershed can 
affect the Great Lakes!

This map shows the 
watersheds for each of the 
five Great Lakes plus the 
St. Lawrence River.

The Great Lakes are 
shared between the United 
States and Canada.

1. Find and mark where you live on this map.

2. What is a watershed? Why should we care about our watershed?

3. What are the U.S. states in the Great Lakes basin? 

Source: Ohio DNR
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Grades 6-8

Advanced Work
Read the stories by Great Lakes journalist Dan Egan and discuss the watershed factors that impact water quality. 
(Teacher can assign the three parts of the story series separately to different groups for groupwork, invite written 
responses, and prep for class discussion where feedback from the three articles is shared, with the media from 
each article revisited by the whole class on second day. Please be mindful that monthly article access restrictions 
apply per unique user for Milwaukee Journal Sentinel content.)

Toxic algae cocktail brews in Lake Erie
http://www.jsonline.com/news/wisconsin/toxic-algae-cocktail-brews-in-lake-erie-b99344890z1-274542731.html
“Algal Blooms and Their Toxic Fallout” (2:38 video)
Read the article. Watch the video. How do farming practices in the Lake Erie watershed affect the phosphorus 
available for Lake Erie? How do invasive mussels in Lake Erie affect the risk of toxic algal blooms like the one 
that shut down Toledo’s water system in 2014?

Dead zones haunt Green Bay as manure fuels algae blooms
http://www.jsonline.com/news/wisconsin/dead-zones-haunt-green-bay-as-manure-fuels-algae-blooms-die-offs-
b99344902z1-274684741.html
“Anatomy of a ‘Dead Zone’” (2:30 video)
Read the article. Watch the video. Why do excess nutrients actually cause a “dead zone” in Green Bay? How 
might climate change affect the risk of future “dead zones” in Green Bay?

Changes in America’s Dairyland foul the waters of Green Bay
http://www.jsonline.com/news/wisconsin/changes-in-americas-dairyland-foul-waters-of-green-bay-
b99344904z1-274684891.html
Consider the data in the pie chart. Discuss the sources of the nutrient phosphorus. What strategies would make 
the most sense to reduce phosphorus inputs to Green Bay? What factors should policymakers consider?

Special Project: Mystery Skype Across the Great Lakes
https://education.skype.com/mysteryskype 
Arrange a Mystery Skype with another classroom in the Great Lakes basin. Have your class prepare twenty 
questions specific to the Great Lakes and watersheds so that your students can ask their counterparts and 
guess where the Mystery Skype classroom is located. Examples of questions include the size and depth of your 
closest Great Lake, population of your city, type of land your local river’s watershed drains, the biggest local 
environmental threat to local waterways, etc. 

http://www.musselmadnessgame.com
http://www.jsonline.com/news/wisconsin/toxic-algae-cocktail-brews-in-lake-erie-b99344890z1-274542731.html
http://www.jsonline.com/news/wisconsin/dead-zones-haunt-green-bay-as-manure-fuels-algae-blooms-die-offs-b99344902z1-274684741.html
http://www.jsonline.com/news/wisconsin/dead-zones-haunt-green-bay-as-manure-fuels-algae-blooms-die-offs-b99344902z1-274684741.html
http://www.jsonline.com/news/wisconsin/dead-zones-haunt-green-bay-as-manure-fuels-algae-blooms-die-offs-b99344902z1-274684741.html
http://www.jsonline.com/news/wisconsin/dead-zones-haunt-green-bay-as-manure-fuels-algae-blooms-die-offs-b99344902z1-274684741.html
https://education.skype.com/mysteryskype
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Source: Ohio DNR

What is a watershed and why should we care?

A watershed is the area 
of land that drains 

into a body of water. 
When it rains over a 
watershed, that rainwater 
ultimately flows into 
the local river, lake, and 
groundwater, carrying 
with it all the nutrients, 
sediments, and pollution 
that it contacts on its 
way down-gradient. So 
agricultural, industrial, 
and land-use practices 
seemingly far away from 
the Great Lakes can 
have huge impacts on 
their water quality and 
environmental health. 
This map shows the 
watersheds for each of the 
five Great Lakes plus the 
St. Lawrence River.

1. Find and mark where you live on this map.

2. What is your watershed? How and why do you love it? Share the love!
What lake do you love? Why do you love it? Tell the world! Make a short video of yourself by your local lake 
or river. Tell what watershed you are in, what you will do to help your watershed and why, and show the world 
why you love your watershed. (For action ideas, check out the Respect Our Waters campaign sponsored by the 
Southeastern Wisconsin Watersheds Trust at this link: http://www.respectourwaters.org/.) Upload your video 
and share it with the millions of your fellow watersheders across the Great Lakes region of eight American states 
and two Canadian provinces. Embed your video in the blog at musselmadnessgame.com and select the Category 
tag “Watershed Love.”

http://www.musselmadnessgame.com
http://www.respectourwaters.org/


Introduction
Invasive species pose a complex threat to the Great Lakes, and indeed anywhere humans call home.

On the one hand, it is important to understand the potential and unanticipated consequences of new invasive 
species on native systems in order to take appropriate preventative action to prevent their introduction and 
spread. Facing the threat of Asian carp populations taking hold in the Great Lakes is one example. Can we 
collectively use what we have learned from other invasive species impacts to prevent the spread of carp?

On the other hand, it is also important to understand the changing systems that invasive species have already 
altered and manage these systems wisely with the understanding that they have fundamentally changed. Facing 
a Great Lakes system altered by trillions of filter-feeding mussels is one example. Can we adapt our management, 
expectation, and practices related to Great Lakes fisheries in concert with these changes?

Both perspectives are valid, but both flow from a sound understanding of the real impacts that invasive species 
cause, the economic and ecosystem values of the systems affected, and the pattern of cascading change that the 
most disruptive invasive species can trigger regardless of specific geographic context. 

The Life in Our Lake short video explains in brief how invasive quagga mussels spread and disrupted the Great 
Lakes food web, reducing food for young yellow perch and clearing the water column for nuisance algae. These 
are just two impacts. Scientists are exploring many others, as well as impacts related to other invasive species. 

Suggested Resources & Exercises
Reporter Dan Egan has done a marvelous job writing about the impacts and interrelationships of invasive species 
and the Great Lakes in ways accessible and relatable to general audiences. The links to some of his major stories 
and short videos are bundled at the link below. I recommend building lesson plans around his stories and media.
http://archive.jsonline.com/news/wisconsin/great-lakes-268550802.html

Other exercises can focus on invasive species identification and awareness. The Great Lakes Aquatic 
Nonindigineous Species Information System (GLANSIS) allows you to search among the 185 species identified 
as non-indigenous to the Great Lakes as of 2012. (The 186th—the zooplankton Thermocyclops crassus—was 
identified in 2016.) Each species has a fact sheet, and there is a kid-friendly overview.
http://nas.er.usgs.gov/queries/greatlakes/Search.aspx

A suggested mini-project flowing from the GLANSIS research is to ask students to select one of the 67 “watch-
list” species and become a subject matter expert on this species. Then, ask students to write a persuasive essay to 
a policymaker communicating why this species is a threat, how it can be stopped, and why we should care. This 
involves not only a synthesis of material about an aquatic organism and its relationship to human systems, but 
also civic engagement in connecting with the relevant local governmental official.

for teachers Invasives resources

Based on the plots above, estimate how many Diporeia inhabited the lake in the 1990s. In 2000? In 
2010? Below is an approximation of how to approach this problem. In roughly ten years, Diporeia stocks 
plunged by 80% followed by another 80% plunge over the next ten years. 

~104 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑚𝑚2  * 58,000 km2 * 106 𝑚𝑚2

𝑘𝑘𝑚𝑚2  = 5.8E14 Diporeia (1990 estimate) ~ 580,000,000,000,000 

~2 𝑥𝑥 103 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑚𝑚2  * 58,000 km2 * 106 𝑚𝑚2

𝑘𝑘𝑚𝑚2  = 1.16E14 Diporeia (2000 estimate) ~ 116,000,000,000,000 

~103 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑚𝑚2  * 29,000 km2 * 106 𝑚𝑚2

𝑘𝑘𝑚𝑚2  = 2.9E13 Diporeia (2010 estimate) ~ 29,000,000,000,000 

Teacher key for the 6-8 worksheet question: Based on the plots above, estimate how many Diporeia inhabited the 
lake in the 1990s. In 2000? In 2010? Below is an approximation of how a student might approach this problem. In 
roughly ten years, Diporeia stocks plunged by 80% followed by another near 80% plunge over the next ten years.

*Diporeia is pronounced DI - pour - eye - uh.

http://www.musselmadnessgame.com/the-idea
http://archive.jsonline.com/news/wisconsin/great-lakes-268550802.html
http://nas.er.usgs.gov/queries/greatlakes/Search.aspx
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Diporeia is a shrimplike 
zooplankton whose dramatic 
decline coincides with the 
mussel invasion. Diporeia 
provides high-energy food for 
fish.

Mystery of the Diporeia Die-off 
1. The maps on top show how Diporeia 
populations in Lake Michigan changed over 
time. How did they change?

2. The maps in the middle show how zebra 
mussel populations in Lake Michigan changed 
over time. How did they change?

3. The maps on the bottom show how quagga 
mussel populations in Lake Michigan changed 
over time. How did they change?

4. Are there more quagga or zebra mussels in 
Lake Michigan today?

5. Where do quagga mussels live that zebra 
mussels didn’t?

6. Why do we care that Diporeia has died off?

7. How might the mussel invasion have 
impacted Diporeia?

8. How are Phytos like Diporeia?
Credit: NOAA GLERL

http://www.musselmadnessgame.com
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Diporeia is a shrimplike 
zooplankton whose dramatic 
decline coincides with the 
mussel invasion. Diporeia 
provides high-energy food for 
fish.

Mystery of the Diporeia Die-off 
Read the four-page Our Waters fact sheet on 
Lake Michigan’s Food Web found at http://www.
glwi.freshwater.uwm.edu/ourwaters/documents/
FoodWebWeb.pdf.

1. Then examine the data visualization density 
plots on this sheet. Assume that a gross 
approximation of Lake Michigan’s bottom area 
is 58,000 square kilometers. Based on the plots 
above, estimate how many Diporeia inhabited 
the lake in the 1990s. In 2000? In 2010?

2. How would you explain the story that these 
plots tell about zebra mussels in Lake Michigan? 
What are two differences between zebra and 
quagga mussels, based on these plots?

3. Should we care that Diporeia has died off? 
Why or why not? Defend your answer.

4. What do you think the plots for 2020 will 
look like? What supports your prediction?

5. How are Phytos like and not like Diporeia?Credit: NOAA GLERL

http://www.musselmadnessgame.com
http://www.glwi.freshwater.uwm.edu/ourwaters/documents/FoodWebWeb.pdf
http://www.glwi.freshwater.uwm.edu/ourwaters/documents/FoodWebWeb.pdf
http://www.glwi.freshwater.uwm.edu/ourwaters/documents/FoodWebWeb.pdf


Introduction
Stormwater management is an important factor in the water quality of our lakes and rivers. Stormwater is 
an important issue in cities and wherever there are paved surfaces. It is also important for farms and fields 
vulnerable to flooding, erosion, and nutrient runoff. Especially as our region faces increasingly intense storms 
and as our water infrastructure ages beyond its viable lifespan, stormwater management is a challenge with 
increasing costs for society. One strategy to manage stormwater more wisely and with additional societal, 
environmental, and water quality co-benefits is green infrastructure. Green infrastructure takes a decentralized 
approach to stormwater management, requiring a massive cooperative effort on the part of public and private 
property owners and managers in order to realize the optimal cumulative benefits possible from relatively small 
individual actions. In order for students to grapple with the scale of water quantity and quality problems related 
to stormwater—a phenomenon otherwise seemingly benign when safely behind our windows and doors—it 
is meaningful for advanced students to research actual rainfall statistics related to their locality and calculate 
associated stormwater runoff values related to those historical data and coefficients derived from land-use types.

Stormwater Data Analysis Exercises
Review rainfall, weather, and land-use maps and data relevant to your students’ location. Below are two great 
sources for rainfall data and a reference to a simple formula to approximate quantiative stormwater impacts.

Precipitation Frequency
http://hdsc.nws.noaa.gov/hdsc/pfds/
A great resource for students to work with data from a web page. Select a relevant weather station and view the 
rainfall depth frequency estimates. This is an opportunity to discuss probability, statistics, recurrence intervals, 
data collection, etc. It can be useful to use the 1-year, 10-year, and 100-year 60-minute rainfall depths as good 
examples. You can compare these against actual rainfall total for areas or events of special interest (e.g., floods, 
storms, recent events). The statistical frequency estimates are often used as engineering and design guidelines 
when building sewers, roads, buildings, etc., so this is also an opportunity to discuss how the historical interval 
of data points considered could alter frequency estimates, and what is meant as a “design storm.”

Historical Precipitation
https://www.ncdc.noaa.gov/cdo-web/datatools/findstation
A source for more detailed downloadable historic precipitation (and other weather and climate) data. You or 
your students will have to process a free request for relevant data sets. I recommend limiting to precipitation 
over a one-year period for a station near your area of interest. Consider this data source for advanced student 
projects, including analyzing how precipitation trends in an area of interest may have changed over time and 
how they compare with climate change model projections (You may want to explore the resources of WICCI, the 
Wisconsin Initiative on Climate Change Impacts, at http://www.wicci.wisc.edu/). You can also use the value from 
the historical data sets to inform the term P (annual rainfall in inches) in the exercise below. 

Approximate Runoff & TSS Loads: Input Rainfall Data & Land Cover Coefficients
http://www.stormwatercenter.net/monitoring%20and%20assessment/simple%20meth/simple.htm
Use the Simple Method for approximating annual runoff at the Stormwater Center to estimate the contribution 
of stormwater runoff in a local subwatershed of interest. (You may wish to use the Wiki Watershed tool linked to 
the Watershed module to select a place of interest and approximate its acreage this way.) Or you may pre-specify 
area parameters generally to compare land-use types (e.g., residential, commercial, roadway). To approximate the 
impact of stormwater runoff on Total Suspended Solids (TSS) contributed from an area, refer to the coefficient 
values in Table 1. To approximate Land Use imperviousness percentages, refer to the values in Table 5.

If climate change increases the intensity or frequency of storms, recalculate runoff volume and pollutant impacts.

for teachers Stormwater resources
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What is stormwater and why should we care?

Think about the last time it rained. Where 
did all that rainwater go? If it didn’t seep 

into the ground to become groundwater or 
fall directly into a lake or river, then it became 
stormwater. Stormwater is rainwater that 
washes off human surfaces like roads, roofs, 
parking lots, and lawns. It ultimately flows 
into lakes and rivers or recharges groundwater, 
taking pollutants with it.

Managing stormwater is why many cities and 
communities have sewers. Sewer pipes convey 
stormwater off streets and away from homes 
and businesses to reduce the risk of flooding. 
High flows resulting from a lot of impervious 
surface in a watershed and intense storms, 
such as those expected with climate change, 
pose an environmental and human health 
risk. All that water has to go somewhere, and 
sometimes it can cause floods, overflow sewers, 
or back up into basements.

Point source pollution comes from a specific 
site. Nonpoint source pollution comes from 
many distributed sources, like stormwater 
runoff that picks up contaminants from our 
streets and cars.

In the photo above, it’s raining onto a parking lot. The 
black asphalt at the bottom is impervious, meaning that 
stormwater does not penetrate the ground but must flow 
off it. The red pavers at the top are porous, meaning 
that stormwater actually infiltrates the ground. Water 
penetrates the ground in between the pavers where there 
is sand in the cracks. This porous parking lot in Milwaukee 
County, Wisconsin is designed to accept the flow of 
stormwater from the impervious portion and infiltrate it 
through the porous portion. This helps relieve the pressure 
on municipal sewer systems, which otherwise must handle 
extreme quantity of water. It also increases the quality 
of water that ultimately flows from the underdrain beneath 
the pavement because particles and pollutants are filtered 
out. Porous pavement is one example of so-called green 
infrastructure. Other examples are rain gardens, rain 
barrels, green roofs, cisterns, and bioswales.
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1. What are two reasons we should care about what happens to stormwater?

2. How many parking lots have you seen today? Describe them using your own words.

3. How many rain gardens have you seen today? Describe them using your own words.

4. What is the difference between water quantity and water quality?

5. Sewer pipes are sometimes called “gray infrastructure” because of their gray color. What is an 
alternative to using gray infrastructure to manage stormwater?

6. If water infiltrates a pavement, is it pervious or impervious? 

7. Does green infrastructure help address water quantity or water quality 
challenges?

8. What happens to most stormwater pollutants that seep into the 
ground in green infrastructure?

9. Would a bioswale speed up or slow down the flow of stormwater?

10. On the photo, show which pavement surface is porous and which is 
impervious. 
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1. What are two reasons we should care about what happens to stormwater?
 water quality, quantity; sewer overflows, basement backups; flood risk, property damage

2. How many parking lots have you seen today? Describe them using your own words.
 *
3. How many rain gardens have you seen today? Describe them using your own words.
 *
4. What is the difference between water quantity and water quality?
 quantity is how much water, quality is how clean or polluted it is

5. Sewer pipes are sometimes called “gray infrastructure” because of their gray color. What is an 
alternative to using gray infrastructure to manage stormwater?
 green infrastructure
6. If water infiltrates a pavement, is it pervious or impervious? 
 pervious
7. Does green infrastructure help address water quantity or water quality challenges?
 both
8. What happens to most stormwater pollutants that seep into the 
ground in green infrastructure?
 they get filtered out
9. Would a bioswale speed up or slow down the flow of stormwater?
 slow it down
10. On the photo, show which pavement surface is porous and which is 
impervious. 

for teachers Stormwater answers

porous

impervious



Introduction
Mussel Madness provides a simplified model of aquatic ecosystem behavior under stress by invasive species 
(Mussels invade, Phytos decline, Al G. further impairs system function), but the game also incorporates a 
simplified model of human interaction with the ecosystem (Phyto stocks decline, fewer Fish Bucks dividends 
pay out over time; Mussels multiply, more Fish Bucks are needed to remove Mussel threat). This coupling of 
environmental and economic systems and feedbacks can be difficult to understand or value when the feedbacks 
play out across vast scales of space and time and when impacts and interconnections in reality may be seem 
invisible unless one knows what to look for. The game makes these interconnections tangible in the form of 
Phytos. It makes both the cost of the Mussel invasion and the benefits of Mussel removal explicit in the form of 
Fish Bucks. These coupled game design elements expose the nature of the threat to the entire common system.

But because individual players experience the incentive to maximize their Fish Bucks in relation to their fellows, 
the game provokes the question of who the players’ real antagonist is—a conventional Monopoly mentality 
would define the antagonists as their competing Lakes, but Mussel Madness is a competitive-cooperative game 
hybrid, for if any one of the Lakes loses all its Phytos then no one can win. This rule inverts/exposes what 
economists call “The Tragedy of the Commons” (where overexploitation of a common resource by individuals 
maximizing self-interest leads to the demise of the resource’s viability for any individuals). In Mussel Madness, 
the true antagonists are revealed as the Mussels and collective victory can typically only be achieved through 
some amount of cooperation. But the game does not remove the incentive for the individual player to maximize 
their Fish Bucks; instead Mussel Madness puts the individual and collective incentives into potential conflict so 
that players will feel the push and pull of both incentives and feel the tensions and consequences related to their 
choices (e.g, perhaps a player ends up with all the Fish Bucks but another Lake loses its Phytos and the Great 
Lakes collectively lose; perhaps they spend their Fish Bucks to save the Great Lakes but another Lake ends up 
with more Fish Bucks). 

This makes the game an interesting simulation suited to discussion of real-world trade-offs that otherwise 
may seem disconnected from students’ lives. The coupling of environmental and economic systems is not 
unique to the Great Lakes nor to invasive species threats to socio-ecological systems. Because systemic 
antagonists in the real world are often invisible, complex, and characterized by time delays between stimulus 
and response, Mussel Madness as a simplified/condensed model/simulator is a useful tool for educators to make 
meaningful comparisons to real-world conflicts, choices, and systems. The game can be used to discuss equity; 
environmental justice; trans-boundary conflicts; climate change policy; economic externalities; and the societal 
roles of science, government, business, and citizens.

Discussion Questions
1. How do Fish Bucks relate with the real-world economic costs and benefits of invasive species like mussels? 

A 2012 analysis estimated the economic impacts of invasive species to the Great Lakes at $138 million per year.
https://environment.yale.edu/yer/article/economic-impact-of-invasives-in-the-great-lakes

2. How did players make decisions about how to spend their Fish Bucks to help other Lakes?
3. How is the Mussel Madness universe like/unlike the real Great Lakes as they were invaded by mussels?
4. Discuss this quote often attributed to former Wisconsin Senator Gaylord Nelson (founder of Earth Day): “The 
economy is a wholly owned subsidiary of the environment.”
5. Enacted in 2008, the Great Lakes-St. Lawrence River Basin Water Resources Compact is a legal agreement 
among the eight Great Lakes states designed to protect the common freshwater assets within the basin. Research 
and discuss the Waukesha diversion decision. Compare the Compact framework with Mussel Madness.

http://www.glwi.freshwater.uwm.edu/ourwaters/documents/GreatLakesCompact.pdf (background)
http://www.glwi.freshwater.uwm.edu/ourwaters/documents/DiversionsCWeb.pdf (background)
http://www.glslcompactcouncil.org/ (current & official)

for teachers Costs & BenefITS 
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Debate!
Engage in a policy debate about a complex but important Great Lakes issue. The debate must be informed by 
science but human values are important, too. 

Count off by ones, twos, and threes. Ones and twos divide into two groups. One group (Team 1) will be for the 
proposal. Team 2 will be against. Teams 1 and 2 must research the real-world issue, discuss strategy and tactics 
with team members, and prepare to engage the other team in debate. Team 3 will be charged with evaluating the 
arguments of groups one and two. Team 3 decides who wins. Team 3 must also research the real-world issue for 
background. In consultation with your teacher, Team 3 decides how they will make a decision about who wins 
the debate between Teams 1 and 2. Scientific data must be part of each team’s argument, whether for or against 
the proposal. Team 3 must make clear in advance any special criteria on which they will judge arguments from 
Teams 1 and 2 so that both have an opportunity to prepare. All teams must consider both costs and benefits of 
the proposal, using numerical data to make their arguments for or against.*

Debate Topic Suggestions

1. Consider a proposal to divert water from the Great Lakes submitted by a community in a straddling county. 

2. Consider a proposal to build a weir near Lake St. Clair to regulate lake levels in the upper Great Lakes.

3. Consider a proposal to re-separate the Chicago River (and canals) from the Mississippi River basin.

4. Consider a proposal to close the St. Lawrence Seaway to international ships, requiring them instead to stop off 
in Montreal and offload their cargo.

*There is an option to increase the complexity and engagement of the debate by having students play additional 
roles. It works best as a two-round debate so that Teams 4 and 5 provide feedback after the first round of 
arguments by Teams 1 and 2. Students can count off into four or five teams:

Team 1: Advocates for proposal
Team 2: Advocates against proposal
Team 3: Governance entity responsible for action on the proposal
Team 4: Scientists, responsible for addressing data-oriented questions from other teams (can object in debate if 
Team 1 or 2 use data improperly)
Team 5: Journalists, responsible for asking narrative-oriented questions of all teams to cover the debate and tell 
the story to the public (your school principal or another class) (can object in debate if Team 1 or 2 misrepresents 
facts or if Team 3 makes a decision inconsistent with their stated method for determining the debate winner)

http://www.musselmadnessgame.com

