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Contributed Curricula
We reviewed many curriculum sources in search of
effective, engaging educational activities that would
enhance the Strange Days on Planet Earth series. The
activities we selected come from the outstanding
guides listed below. All contain additional worthwhile
learning opportunities related to the Strange Days
topics and other environmental themes.
Special note should be made of the contributions
from the World Wildlife Fund’s Windows on the
Wild, (WOW). WOW’s goal is to teach people of all
ages about biodiversity issues and stimulate critical
thinking, discussion, and informed decision making
on behalf of the environment. World Wildlife Fund
generously permitted us to use six of their exceptional
activities in this guide.
Windows on the Wild:
» Biodiversity Basics — An Educator’s Guide to
Exploring the Web of Life
» Wildlife for Sale — An Educator’s Guide to
Exploring Wildlife Trade
» Oceans of Life — An Educator’s Guide to Exploring Marine Biodiversity
» Smart Consumers — An Educator’s Guide to
Exploring Consumer Issues and the Environment
World Wildlife Fund
www.worldwildlife.org/windows
Materials can be ordered from Acorn Naturalists
www.acornnaturalists.com

Facing the Future Curriculum Guide:
» Classroom Activities For Teaching About Global
Issues and Solutions
Facing the Future
www.facingthefuture.org
Curriculum guide may be downloaded free
of charge.
GEMS (Great Explorations in Math and Science):
» GEMS — Global Warming & the Greenhouse
Effect
www.lhs.berkeley.edu/gems/
Materials can be ordered online.
Green Teacher Magazine:
www.greenteacher.com
Subscriptions are available for $26/year for
four issues.
Healthy Water, Healthy People:
» Healthy Water, Healthy People Water Quality
Educators Guide
Montana State University
www.healthywater.org
More information can be found online.
National Wildlife Federation:
» Wolves Action Pack
www.nwf.org
More information can be found online.
Copyrighted activities adapted for this guide remain the sole
property of the contributing organization.
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About the Strange Days Project

When we try to pick out anything
by itself, we ﬁnd it hitched to
everything else in the Universe.
» John Muir

The Strange Days on Planet Earth Project is comprised of a landmark
public television series, a content rich innovative website, and extensive
educational and action-oriented resources that explore global environmental change through the exciting lens of Earth system science. Breakthrough discoveries from a myriad of scientiﬁc disciplines are revealing for
the ﬁrst time how Earth operates as an integrated system and how we
humans have such powerful impacts on all of life.
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Series Summary
Around the globe, scientists are racing to solve a
series of mysteries: how could a one degree rise in
average temperature have such profound effects?
What happens to an ecosystem when top predators
disappear? Why do invasive species cause such havoc?
National Geographic’s Strange Days on Planet Earth,
hosted by Award-winning actor, writer and director
Edward Norton (Primal Fear, American History X, Italian Job), uses engaging storytelling and innovative
imaging to explore new discoveries about the health
of the planet. The series premieres April 20, 2005 on
PBS.
Each of the four one-hour episodes (Invaders, The
One Degree Factor, Predators and Troubled Waters)
is constructed as a high-tech detective story. With the
fate of the planet at stake, the episodes reveal the
way seemingly distant events are connected and ultimately how they are affecting our individual health
and well being.

INVADERS (ONE HOUR)

Alien species of plants and animals have invaded every
continent. They have enormous powers; they spread
disease; they devour our buildings. Some are destroying the very land under our feet. Think of them as the
ﬁrst wave of an assault that could drive the greatest
mass extinction since the end of the dinosaurs. What
is causing this invasion, and what can we do to stop
the rising tide?
Act I: They’re Here
Length: 5 min 43 sec
Starting Image: Wharf with ﬁshing boats
Ending Image: Anemone in pet shop tank
Strange transformations are taking place around the
world due to alien invaders: Jim Carlton is discovering
marine invaders along our coastal shores; David Duffy
and Greg Asner are ﬁghting plant invaders in the
lush forests of Hawaii; James Ogwang is battling
more plant invaders and disease vectors in Lake Victoria while Claudia Riegel is attempting to save New
Orleans from an implacable introduced horde of ravenous subterranean termites.

Note to educators: Programs can be videotaped and used for up to
one year after broadcast. Check your local TV listing or call your local
public television station to conﬁrm broadcast.

James Carlton introduces us to the growing worldwide
problem of alien invasions and shares how he ﬁrst
developed his passion for this subject.
Act II: Impact: Property
Length: 11 min 15 sec
Starting Image: Riverboat in New Orleans
Ending Image: Norton in lawn chair
People in New Orleans no longer trust the ﬂoor
beneath their feet. Their houses are collapsing, under
siege by voracious alien termite hordes from China.
Scientists, like Claudia Riegel, suspect these animals
began their journey when American troops packed up
to return home from WW II using crates from local
Chinese wood.
Riegel is now working to slow down these beasts by
exploiting their sociality. Using bait stations buried in
locations across the city, she replaces wood bait with
poison-soaked paper. Workers carry it back to colony
headquarters and in as little as three months, their
nests could be destroyed.
Act III: Impact: Health
Length: 14 min
Starting Image: Water of Lake Victoria, Uganda
Ending Image: Norton in lawn chair
Lake Victoria is the world’s largest tropical lake. It
is also infamous for some of the world’s most devastating alien invasions — e.g. the loss of hundreds
of specialized endemic cichlid ﬁsh species due to the
introduction of Nile perch.
Today, another alien interloper may be jeopardizing
the health of people living nearby. The disease schistosomiasis has been on the rise and scientists, like
James Ogwang, suspect alien water hyacinth plant is
partly to blame. Ogwang tests a way to ﬁght the
invader using biocontrol and importing the plant’s
natural enemies — 1,200 weevils from South America.
Biocontrol is tricky business however and scientists
can attest to some spectacular failures. For example,
in the South Paciﬁc, monitor lizards were unwisely
Continued...
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introduced to an island overrun with invasive rats.
The lizards opted for the islanders’ poultry supply so
cane toads were brought in to temper the reptiles’
appetites. These toads are poisonous however so they
ended up killing the lizards, multiplying and then killing the local cats — leading eventually to even more
unwelcome rats.
Ogwang hopes for a different result. Making sure the
imported weevils do not have a taste for local crops,
his team breeds a weevil army and releases it. In short
order, the army eats and depletes the hyacinth.
In many other places, people are still struggling with
invasives, from Asian tiger mosquitoes to ﬁre ants,
killer bees, brown tree snakes and more.
Act IV: Impact: Soil
Length: 11 min 36 sec
Starting Image: Storm cloud time-lapse
Ending Image: Norton in lawn chair
In Hawai’i, botanists, like David Duffy, are tracking
a plant called Miconia that left its native Mexico on
a ship bound for Europe in the mid-1800s. In 1961,
a botanical garden in Hawai’i welcomed Miconia as
a gift. The species soon escaped from backyards, facilitated by another introduced species, the Japanese
white-eye, a bird that excels at spreading seeds.
Forty years later, the invasive plant has spread over
10,000 acres on the Big Island and is shading out the
native species. In its takeover, Miconia replaces the
natives’ deep roots with its own shallow root system,
placing the steep slopes of Hawai’i at grave risk of
landslides. To combat Miconia, researchers, like Greg
Asner, use state-of-the-art detection devices to map
its growth in forests then uproot the plant, region by
region.
On Hawai’i, concerned volunteers are helping Duffy
to control the spread of Miconia. And around the
world volunteer efforts are making progress on this
vital issue.

Act V: Impact: The Biosphere
Length: 6 min 40 sec
Starting Image: Golden Gate Bridge, ship
Ending Image: Boy looking at fossil
At the bustling port of Oakland, Jim Carlton surveys
massive amounts of cargo that stream into and out
of San Francisco Bay on a daily basis — twice what
was transported twenty years ago. Thousands of gallons of ballast water inside the hulls of cargo ships
are one major way aliens inﬁltrate such ports. Carlton
continues his survey of coastal invasions by inspecting
plates that have been underwater for up to two years.
By weight, 99% of the marine life in San Francisco Bay,
now comes from somewhere else.
With the growing ship and plane trafﬁc, eventually,
almost everything will have a chance to move everywhere. Fully interconnected, researchers believe Earth
will support far fewer species. Worldwide, invasive
species are already the second greatest cause of
extinction behind habitat destruction.
Epilogue:
Length: 1 min 28 sec
Starting Image: Red wagon wheels
Ending image: Girl with pig in a wagon on road
Will the great reshufﬂing continue unabated? What
is it worth … to be more cautious in our individual
actions as travelers and consumers … to be more cautious as societies watching over the vehicles and vessels that tie us together? What will it cost not to?

THE ONE DEGREE FACTOR (ONE HOUR)

Detectives usually break mysterious cases when they
ﬁrst see the connections among seemingly unrelated
clues. Consider these: Dust clouds are building high
over the Atlantic. An entire population of caribou
is declining, their numbers dwindling, while in the
oceans, other species are being pushed to the limits
of their physical survival. A respiratory illness, once
uncommon among children in Trinidad, is now widespread. Amazingly, many scientists now believe these
disparate phenomena may be linked to global climate
change.

Continued...
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Act I: Hot Times in the Far North
Length: 17 min 11 sec
Starting Image: Brooks Range
Ending Image: Norton dissolves on highway
overpass
From the Arctic north to the tropical isles of the Caribbean, scientists like Steve Arthur from Alaska Department of Fish and Game, are documenting a series of
perplexing phenomena that many believe is linked to
climate change.
As heat accumulates in the global climate system,
Alaska and the northwest corner of Canada are warming by as much as 11 degrees Fahrenheit. Emerging
signs indicate that the region’s rising temperature is
affecting the indigenous Porcupine River caribou. For
decades, researchers, like Arthur, have been tracking
the rise and fall of the caribou population — taking
aerial photographs and counting numbers of animals.
While their numbers have varied over the years, recent
declines have caused some to question whether global
climate change will impact the herd’s long-term survival. Longer summers in the region may mean a
larger mosquito population, and these tiny tormenters
feed on the caribou. To escape, the caribou seek out
the cooler temperatures atop mountains and ridges,
away from their traditional feeding grounds. The life
of a caribou is a trade-off between time spent evading
insects and time spent feeding or resting. The more
time spent evading insects, the more energy expended
and the less energy taken in by way of feeding.
Darius Elias, a member of the Gwich’n First Nation,
also expresses his grave concerns that the dwindling
caribou will have on his ancient culture and traditions.
Act II: Regime Change in the Paciﬁc
Length: 6 min 30 sec
Starting Image: Sunset over the ocean
Ending Image: Zooplankton, net line in water
Biologists, Bill Peterson and his colleagues, sample
nighttime populations of shrimp-like organisms,
known as euphasiids, from a research vessel. These
animals comprise the base of the ocean food web and
ﬂuctuate in response to a newly discovered longterm temperature pattern called the Paciﬁc Decadal
Oscillation. This oscillation is comprised of regime

shifts where the ocean temperatures can shift several
degrees from warm to cool. At present, the Paciﬁc
Ocean along the California and Oregon coast is in a
cool phase. When the regime shifts back to a warm
phase, with global warming riding atop this shift,
certain regions of the ocean may reach a tipping point
from which recovery will be extremely difﬁcult.
Act III: Temperature Limits
Length: 6 min
Starting Image: Hopkins tidepool
Ending Image: Norton walks off camera
On the central Californian coast, physiologists, George
Somero and Jonathon Stillman, are exploring how certain intertidal animals, like porcelain crabs, will or will
not be able to cope with rising atmospheric temperatures. They are ﬁnding that some of these crabs are
already operating extremely close to their physiologic
thermal limit.
Act IV: A Tale of Connections
Length: 13 min 16 sec
Starting Image: Maracas Beach with kids playing
Ending Image: Sun beyond the air sample station
In Trinidad, Michele Montiel and her team are investigating how African dust is a prime suspect behind
rising rates of childhood asthma. At the same time,
in the U.S. Virgin Islands, scientists like Ginger Garrison, are examining possible connections between airborne African dust and a sea fan disease caused by the
fungal pathogen Aspergillus.
Act V: Hurrell and the NAO (North Atlantic Oscillation)
Length: 5 min 37 sec
Starting Image: Boulder, Colorado-car on road
Ending Image: Kids on beach, Caribbean
Atmospheric modeler, Jim Hurrell is using global
climate models to explore how all these events may
be connected. He suggests that warming occurring in
the Indian Ocean can send out an energy pulse that
impacts an atmospheric phenomenon in the North
Atlantic called the North Atlantic Oscillation (NAO)
or Arctic Oscillation. The NAO is responsible for funneling weather towards northern regions of Europe
and Eurasia. The NAO has been locked in a positive

Continued...
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phase for several decades and may be inﬂuencing the
strength of the tradewinds carrying African dust from
the Chad region right into the Caribbean.
Epilogue:
Length: 2 min 4 sec
Starting Image: Sun rise
Ending Image: Norton walks off camera
We have turned up the global thermostat with wideranging results. The choice is up to us as to how we
want to deal with this problem.

PREDATORS (ONE HOUR)

Deep in the wilds of Venezuela, the natural order
is being turned inside out. Miles of verdant forest
and savannah have given way to small and scattered
islands. Some of these islands are now overrun by
bands of voracious howler monkeys, a glut of iguanas
and hordes of ravenous ants. What is driving this
bizarre transformation? A team of scientists believes
that life here has run amok in large part because
its top predators are gone. Similarly, the majestic wilderness of Yellowstone National Park is also showing
signs of change that some scientists trace to the depletion of natural predators. Familiar and revered forests
have vanished. Researchers are linking these forest
losses to the expulsion of the gray wolf some seventy
years ago. In Venezuela and around the world, experts
are learning that predators seem to play a crucial role
in the structure and function of entire ecosystems.
When the predators disappear, the consequences can
be dramatic. If predators are so vital, should they —
and can they — be brought back?
Act I: Predator Loss at Lake Guri
Length: 13 min 49 sec
Starting Image: Boat in Caroni Valley
Ending Image: Close up on Norton’s face
Deep in the wilds of Venezuela, John Terborgh and
his crew, including Cesar Aponte and Luis Balbas, are
investigating miles of savanna and verdant forest
that have given way to small, scattered islands. These
islands were formed as a result of building dams for
hydroelectric power plants. Some of these islands are
now overrun by bands of howler monkeys, a glut of
iguanas and hordes of ravenous ants. Terborgh and
his crew believe life on these islands is running amok
in large part because the top predators are gone.

Act II: Wolves and Aspen in Yellowstone
Length: 19 min 16 sec
Starting Image: Flyover Yellowstone Mountains
Ending Image: Lawn pool, toy shark
Meanwhile seminal aspen forests and willow groves
are disappearing in the majestic wilderness of Yellowstone National Park. Scientists, like Bob Beschta, Bill
Ripple and Eric Larsen, are investigating the landscape
for clues. Measuring stream habitats and coring tree
trunks they are ﬁnding clues that point to wolves.
Wolves were once a vital part of North American ecosystems before bounty hunters, starting at the turn
of the century, decimated their numbers. The wolves
literally reshape the landscape by instilling a primal
fear in resident elk herd. It’s this fear that keeps the
herds on the run so they spend less time intensively
grazing on Yellowstone’s aspen and willow trees.
Following a controversial wolf reintroduction led by
biologist Doug Smith, elk are now on the run in Yellowstone. Trees and shrubs are starting a comeback
and nearby ranchers are learning to deal with their
wild wolf neighbors.
Act III: Clues in Jamaica
Length: 9 min 52 sec
Starting Image: Water rush and shark
approaches
Ending Image: Jamaica on map
In the Caribbean, once-vibrant coral reefs are under
attack by insidious algae. With the reefs suffocating,
scientists like Richard Aronson and Bill Precht take
coral core samples to pinpoint when these problems
arose. Other scientists, like Dan Pauly, are investigating the role that the loss of top predatory ﬁsh such as
sharks, groupers and jacks have played in the reef’s
slow demise. As these large ﬁsh were decimated by
ﬁsheries, smaller ﬁsh became the next commercial
target — including those vital grazers that kept fastgrowing algae in check. When those few remaining
grazers in the over-ﬁshed reef were hit by disease, the
algae were free to take over. The coral cores reveal
that’s when the reefs really began to suffer.

Continued...
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Act IV: Restoration in St. Lucia
Length: 6 min 16 sec
Starting Image: Map of St. Lucia
Ending Image: Bird of prey lands on patio
Marine protected areas are providing places of hope.
Biologists Satie Airame and Kai Wulf survey the ﬁsh
life in the Soufriere Marine Management area in St.
Lucia, Caribbean. Around these waters, there are
no-take zones called marine reserves as well as managed ﬁshing areas. Fishermen like Edward Mongroo
are already heralding positive changes to their ﬁshing operations traceable to the establishment of such
regulated regions.
Epilogue:
Length: 1 min 30 sec
Starting Image: Timelapse: street scene
Ending Image: Jaguar stalking
For centuries we’ve battled predators. Now we’re
beginning to realize can we or do we really want to
live without them?

TROUBLED WATERS (ONE HOUR)

In the American heartland, there have been strange
disappearances. Frogs are vanishing without a trace.
Further north, in the green waters of Canada’s St.
Lawrence River, beluga whales are mysteriously dying
— their white corpses found washed up on the stony
shores. A world away on the Great Barrier Reef,
swarms of monstrous sea stars are overrunning this
marine paradise. At ﬁrst glance, these stories seem
unrelated. But, in fact, scientists suspect they may be
part of a worldwide transformation brought on by
toxins in the water. Have Earth’s vibrant waterways
become massive delivery systems for invisible poisons?
And are some of these poisons reaching our faucets?
As scientists verify that our problem with toxins is
mounting, cutting-edge research using plants and bacteria draw on the building blocks of life itself as a
solution to problems vexing the planet.
Act I: Hayes and the Frogs
Length: 12 min 30 sec
Starting Image: Van on the road
Ending Image: Norton with water glass
Around the world, at least twenty frog species have
become extinct, and many surviving populations are
dying out. Biologist Tyrone Hayes and his students
are studying Northern Leopard frogs in the American

heartland and ﬁnding strange anomalies in these
amphibian’s reproductive organs. Males have eggs in
their testes.
At the same time, U.S. farms are producing about one
trillion ears of corn every year often using manmade
chemicals like Atrazine, which inﬁltrate the world’s
waterways by way of wind and rain. Hayes’s research
suggests that even tiny amounts of this Atrazine may
be behind the reproductive problems of the frogs.
Act II: Toxic Belugas
Length: 8 min 8 sec
Starting Image: Globe animation
Ending Image: Kids and beluga tank
Farther north in the waters of Canada’s St. Lawrence
River, biologists, like Robert Michaud, have discovered
pods of beluga whales with some of the highest
cancer rates of any wild animals studied. Dozens of
chemicals have been discovered in the bodies of these
whales. Some dead belugas are so full of toxins and
chemical mixtures that they technically qualify as hazardous waste.
It’s these chemical mixtures, as opposed to any one
toxin in particular, that are causing scientists, like Sylvain DeGuise, to worry. DeGuise is testing chemical
combinations and ﬁnding that these cocktails can
have a wide range of unexpected effects on developing immune cells.
Act III: Swan and the Sperm
Length: 6 min 48 sec
Starting Image: Meagher casts into pond
Ending Image: Norton in dry Los Angeles road
Epidemiologists like Shanna Swan, are investigating
the effects of chemicals on humans. Swan and her
team have reported high miscarriage rates in women
who drink tap water with elevated levels of chlorine
by-products. Now they are examining the reproductive
health of men in cities like New York, Minneapolis and
Los Angeles, versus farm areas like rural Columbia,
Missouri. To their surprise, they are discovering lower
sperm counts in rural areas where exposure to farming
chemicals through tap water is more likely.
Farm chemicals aren’t the only places where chemicals
can get into our water supplies. Hundreds if not thousands of man-made chemicals are found in the food
Continued...
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we eat, in our carpets, fabrics and detergents and in
our cosmetics.

feed and breed we can better prioritize our clean-up
efforts.

Act IV: Meagher, Mercury and Phytoremediation
Length: 6 min 25 sec
Starting Image: Meagher casts into pond
Ending Image: Norton in dry LA River
Frustrated by mercury contaminating the ﬁsh in
nearby lakes around his Georgia home, Richard Meagher is using genetic technology to enhance the cleanup capabilities of plants. Inserting bacterial genes into
plants, he is a pioneer in the ﬁeld of phytoremediation.

Epilogue:
Length: 2 min 24 sec
Starting image: Boat on Ocean
The water that animals rely on is part of a single interconnected system-the same network that provides our
drinking water. We all need to be more conscious and
careful about what chemicals are entering our waterways.

Act V: Coastal Systems and the Oceans
Length: 15 min, 18 sec
Starting Image: Tractor in Queensland
Ending Image: Boat on Ocean
In recent years, repeated massive outbreaks of Crown
of Thorns Starﬁsh have been destroying large parts of
the Great Barrier Reef. Some scientists, like Katharina
Fabricius, are investigating whether or not nitrogenrich agricultural runoff could be a culprit. By tracking
nitrogen plumes from river mouths, she and her colleagues are discovering that higher nitrogen levels do
indeed correlate with higher larval starﬁsh survival
rates leading to potential outbreak conditions.
Sugarcane farmer Vince Vitale is concerned about the
large amounts of fertilizer runoff from Queensland’s
cane ﬁelds and manure from livestock ranches that
are altering nitrogen levels in nearby rivers and river
mouths. To stem the ﬂow of nitrogen, he has given
up acres of his cane ﬁelds in order to plant trees and
restore a natural buffer zone between the cane ﬁelds
and the rivers.
According to one school of thought, toxins appear to
be diluted to safe levels by the time they reach the
open ocean but is this hypothesis true? Marine biologist Tierney Thys and her team with the Census of
Marine Life Project are tracking where open-ocean
animals like the Mola mola (giant ocean sunﬁsh)
spend their time. Using new satellite tracking devices,
they’re ﬁnding that open ocean animals spend a lot of
time close to shore, in close proximity to where toxinﬁlled runoff enters the water. Fortunately, by pinpointing particular places where open-ocean species
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Strange Days on Planet Earth Website

To keep every cog and wheel is
the ﬁrst precaution of intelligent
tinkering.
» Aldo Leopold

Visit www.pbs.org/strangedays for a fun, engaging and comprehensive
educational experience. The site brims with interactive features that allow
users to test their knowledge of global environmental change, discover
the latest greatest discoveries and ﬁnd out ways to become part of the
solution. The site explores the major themes of each of the four series
episodes and provides viewers with additional in depth information on
the series. The site delivers users to places, real and virtual, where they can
establish lasting relationships with communities that encourage interest
in the environment and conservation of our natural resources. It includes
access to a consortium of the nation’s top zoos, aquariums, botanical
gardens, and science and technology centers, as well as richly varied media
— including video clips and interactive activities.
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Using this Guide

Never doubt that a small group
of thoughtful, committed citizens
can change the world. Indeed, it’s
the only thing that ever has.
» Margaret Mead

This guide will help you delve deeper into the topics covered in the
Strange Days on Planet Earth documentary series. Activities are especially
appropriate for middle school-aged learners. All are peer reviewed, correlated to national science education standards and conform to the North
American Association for Environmental Education (NAAEE) Excellence in
Environmental Education — Guidelines for Learning (K-12).
While the activities were originally designed for classroom use, they are
readily suitable in other educational settings. We’ve included tips for conducting the activities in museums, science centers, aquariums, and zoos.
Some of the experiments and projects will also engage home schoolers.
The guide includes three or four activities per Strange Days topic. They
represent the best of the best, selected from hundreds of possibilities and
covering a range of approaches. We hope you enjoy using this guide as
much as we enjoyed putting it together for you.
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Activities Planning Grid
Each episode of Strange Days on Planet Earth can be combined with any or all of the related activities from this
Activity Guide to create units on the four speciﬁc topics addressed by the series: invasive species, climate change,
loss of predators and toxic waterways.
This Activity Planning Grid offers alternative ways to navigate the material. Speciﬁc acts can be combined with
selected educational activities to explore additional themes that cut across the four episodes.

PATH ONE

Focuses on systems and emphasizes how changes in one component can be felt throughout the system.
Episode

Act

Invaders
The One Degree Factor

Act III: “Impact Health”
Act I: “ Hot Times in the Far North”
Act IV: “A Tale of Connections”
Act V: “ Hurrell and the NAO”
Act II: “Wolves & Aspen of Yellowstone”
Act V: “Coastal Systems and the Oceans”

Predators
Troubled Waters
Activities
» Drawing Conclusions
» Aquatic Connections
» Wonderful Watersheds

PATH TWO

Focuses on the processes of science and the use of technology to advance science.
Episode

Act

Invaders

Act II: “Impact: Property”
Act IV: “Impact: Soil”
Act V: “Hurrell and the NAO”
Act I: “Predator Loss at Lake Guri”
Act I: “Hayes and the Frogs”
Act IV: “Meagher, Mercury and Phytoremediation”

The One Degree Factor
Predators
Troubled Waters

Continued...
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Activities
» Decisions, Decisions
» Car Quest
» Sources of Carbon Dioxide
» The F-Files
» Stream Monitoring

PATH THREE

Focuses on careers in science and the variety of people who become scientists.
Episode

Act

Invaders

Act I: “They’re Here”
(Jim Carlton)
Act III: “Impact Health”
(James Ogwang)
Act III: “Temperature Limits”
(Jonathon Stillman)
Act IV: “ A Tale of Connections”
(Ginger Garrison and Michele Montiel)
Act II: “Wolves and Aspen in Yellowstone”
(Bill Ripple/Eric Larsen, Doug Smith)
Act IV: “Restoration in St. Lucia”
(Satie Airame)
Act I: “Hayes and the Frogs”
(Tyrone Hayes and students)
Act V: “Coastal Systems and the Oceans”
(Katharina Fabricius, Tierney Thys)

The One Degree Factor

Predators

Troubled Waters

Activities
» Decisions Decisions
» The F-Files
» Speak Your Mind

Continued...
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PATH FOUR

Focuses on oceans.
Episode

Act

Invaders
The One Degree Factor

Act V: “The Biosphere”
Act II: “Regime Change in the Paciﬁc”
Act III: “ Temperature Limits
Act IV: “A Tale of Connections”
Act V: “ Hurrell and the NAO”
Act III: “Clues in Jamaica”
Act IV: “ Restoration in St. Lucia”
Act II: “ Toxic Belugas”
Act V: “Coastal Systems and the Oceans”

Predators
Troubled Waters
Activities
» Fishing for the Future
» Sharks in Decline
» Wonderful Watershed

PATH FIVE

Focuses on human activities that can induce hazards and accelerate many natural changes.
Episode

Act

Invaders
The One Degree Factor
Predators
Troubled Waters

Act I: “They’re Here”
Act I: “Hot Times in the Far North”
Act I: “Predator Loss at Lake Guri”
Act II: “Toxic Belugas”
Act III: “Swan and the Sperm”

Activities
» America’s Most Wanted
» Sources of Carbon Dioxide
» The Carbon Dioxide Game
» Car Quest
» Fishing for the Future
» Wonderful Watershed
» Grab a Gram
» Stream Monitoring
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Invaders

America’s “Most Wanted”
IDEAS FOR THE
INFORMAL SETTING
» Provide background

information on each
“most wanted” species
rather than having students conduct research.

» Have the teacher con-

duct this activity before
their ﬁeld trip and then
create the wanted posters during a visit to
the informal institution.
Exhibit the posters in a
public gallery of “most
wanteds.”

OVERVIEW

Track down information on one of several “most wanted” alien species
and ﬁnd out how it is causing problems in the United States.

OBJECTIVES

Students will:

» Deﬁne alien species.
» Describe some environmental problems associated with alien
species.

» Give examples of several alien species that are causing problems in
the United States.

SUBJECTS
Science

VOCABULARY

alien species, biodiversity, ecosystem, exotic species, habitat, introduced
species, invasive species, native species, non-native species, species

TIME

2 to 3 sessions

MATERIALS

Copies (one per student) of handouts: America’s Most Wanted, The Plaintiffs and Case Proﬁle

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science
Education Standards (Grades 5-8):

» Standard C: Life Science—Regulation and behavior
» Standard C: Life Science—Populations and ecosystems
» Standard C: Life Science—Diversity and adaptations of organisms
» Standard F: Science in Personal and Social Perspectives—Populations,
resources and environments
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BACKGROUND
For most people, the word “aliens” conjures up images of green-skinned creatures with antennas that invade
Planet Earth from outer space. In the ﬁeld of ecology, though, aliens are something much less extraordinary.
They are the purple loosestrife growing in our marshes and lakes, the starlings pecking at our lawns and the
zebra mussels clinging to piers in the Great Lakes and the Mississippi River. Generally speaking, alien species are
organisms that have been transplanted to a new environment, intentionally or unintentionally.
Your students may not know much about alien species and they may not realize what a menace some of them
pose to natural communities around the country and the world. This activity will introduce your students to
some of the most meddlesome, invasive species found on land and in water in the United States. The activity
will also help your students explore some of the native species that are being the most severely affected by
alien invasions.

BEFORE YOU BEGIN
1. Make one copy for each student (or each team of students) of the America’s Most Wanted, The Plaintiffs
and Case Proﬁle handouts.

2. If you prefer to have students research local alien species, include several invasive species affecting your area
on the list of “Most Wanted” species. Be sure to include a “plaintiff” species affected by each of these species.
Arrange for students to have Internet access.

WHAT TO DO
1. Hand out copies of America’s Most Wanted. Tell your students that this handout

describes nine of the “most wanted” plant and animal species. What are these species? Why are they wanted? These are questions that your students, as bio-detectives,
will have to ﬁgure out.

2. Distribute copies of Case Proﬁle and The Plaintiffs. Explain to the students that

their job is to do the following detective work: Gather information (individually
or in teams) to complete a “case proﬁle” for one of the “most wanted” species.
Based on this information, students should be able to pick out which species on
the “plaintiffs” list is being harmed by their “most wanted” species. Assign one
“most wanted” species to each student or team of students. The students should
gather information from books, magazine articles and the Internet. Although it will
probably be easiest for them to search the Web using the name of their species as
search term, you may also want to direct them to the MORE INFORMATION section
listed at the end of this activity.

a

Continued...
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3. Report with results. Have your students share the results of their

investigations. Go through one “plaintiff” at a time and ask the students
whose “most wanted” species are contributing to its decline. What can
the group tell the rest of the class about the “most wanted” species that
they researched? At some point, it should become clear to the class that
all of the “most wanted” species have something in common. What is it?
(Answer: They have all come — or have been brought — to the United
States, or a particular part of the United States, from another country or
region. All of them are harming species in their new environment.)

4. Discuss alien species. Explain to the group that these introduced species

are called alien invasive species (see list, US Alien Invasive Species, for speciﬁc names). Review the deﬁnition of an alien species. (It is a species that
has been transplanted into a new environment, either intentionally or
unintentionally. For example, dandelions, ginkgo trees and oxeye daisies
are all alien species: They originated on other continents and reached
North America with the help of people.) Can your students think of any
alien species other than those on the list you have given them? Explain
that they may know this group of organisms by some of the other names
used to describe them; for example, exotic species, introduced species, or
non-native species. (Note: When using the term “alien” in this discussion,
you should be careful to be sensitive to students who are legal or illegal
aliens of the United States.)

THE HIPPO DILEMMA
To understand the role people
are playing in biodiversity
loss, it helps to think of
something called the HIPPO
dilemma. This term does not
refer to hippopotamuses;
rather, it is an acronym for the
main threats to biodiversity:

HABITAT LOSS
INTRODUCED SPECIES
POPULATION GROWTH
POLLUTION
OVER-CONSUMPTION

Now explain that those alien species that are harmful to native species are called invasive aliens. Did
the students realize that invasive
alien species are causing so many
problems for native species and
native habitats? Explain to your
group that invasive aliens are
among the top threats to biodiversity-the variety of life on Earth.
(You might use this opportunity
to review the ﬁve greatest threats
to biodiversity: Habitat loss, Introduced species, Population growth,
Pollution and Over-consumption
of natural resources. These threats
can be remembered by the acronym HIPPO.) Some people think
alien species are actually the biggest threat to Earth’s biodiversity.
While not all alien species are
destructive, the ones highlighted
in this activity are among the most
troublesome in our country.

US ALIEN INVASIVE SPECIES
The following is a partial list of
troublesome alien species found
in different regions of the United
States.

NORTHEAST

Green crab, gypsy moth, purple
loosestrife, Dutch elm disease,
Hydrilla, mute swan, West Nile
virus, European starling, hemlock
woolly adelgid, Asian longhorned
beetle

SOUTHEAST

Green crab, melaleuca, water
hyacinth, Chinese tallow, Hydrilla,
English ivy, kudzu, ﬁre ant,
Brazilian pepper, nutria

MIDWEST

Zebra mussel, rusty crayﬁsh, sea
lamprey, gypsy moth, purple
loosestrife, Dutch elm disease,
Asian longhorned beetle, leafy
spurge

WEST

Scotch broom, green crab,
Chinese mitten crab, goldﬁsh,
wild pig, Hydrilla, Africanized
honey bee, ﬁre ant, cheatgrass,
bullfrog

SOUTHWEST

Fire ant, Africanized honey bee,
tamarisk

HAWAII

Mongoose, wild pig, wild goat,
rosy wolf snail, invasive marine
algae, giant African snail
Source: invasivespecies.nbii.gov

Continued...
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Did the students ﬁnd any information about the ways alien species affect humans? (Answers will vary). Your
students will see that the biodiversity loss associated with alien species can have economic, social and even
political consequences.

ASSESSMENT
Have each student create a “most wanted” poster for a problem alien species that is not featured in the activity.
(Refer to the MORE INFORMATION section and the US Alien Invasive Species list in this activity.) The poster should
include a picture, the name of the species and basic information such as the background of the species, including
its native geographic region and what kind of trouble it is causing. (The posters could also be placed in a gallery
of “most wanteds” when completed.)

Needs Improvement—The species is not pictured or the information is only partially presented.
Satisfactory—The species is pictured and basic information is presented regarding the origin of the species
and some of the problems it has created.

Excellent—The species is pictured with information about its origin (including the ecosystem), the regions of
impact and the types of problems it is creating in these new environments.

EXTENSION
» Have your students gather newspaper, magazine and Internet articles on alien species.
» Create an “invasive alien species” bulletin board to keep your group focused on the topic for the duration
of the unit.

MORE INFORMATION
Invasivespecies.gov is the gateway to Federal efforts
concerning invasive species. On this site you can
learn about the impacts of invasive species and
the Federal government’s response, as well as read
select species proﬁles and ﬁnd links to agencies
and organizations dealing with invasive species
issues. Invasivespecies.gov is also the Web site
for the National Invasive Species Council, which
coordinates Federal responses to the problem.
www.invasivespecies.gov

The World Conservation Union’s Invasive Species Specialist Group (ISSG) Web site aims to reduce threats to
natural ecosystems and the native species they contain by increasing awareness of invasive alien species
and the ways to prevent, control, or eradicate them.
www.issg.org

Continued...
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Weeds Gone Wild: Alien Plant Invaders of Natural
Areas is a Web-based project of the Plant Conservation Alliance’s Alien Plant Working Group. This
group provides information for the general public,
land managers, researchers and others on the serious
threat and impacts of invasive alien (exotic, nonnative) plants on the native ﬂora, fauna and natural
ecosystems of the United States. www.nps.gov/
plants/alien
The Nature Conservancy’s Invasive Species Initiative
Web site is dedicated to protecting biodiversity and
practicing weed management. The site provides weed
control method handbooks, a comprehensive weed
online database, a photography archive and gallery
of pests and late-breaking invasive species alerts.
tncweeds.ucdavis.edu
The Department of the Interior, US Geological Survey
Invasive Species Web site contains comprehensive
reports on speciﬁc invasive species across the United
States with links to children’s pages and helpful
teacher resources.
www.usgs.gov/invasive_species/plw
A joint project of The University of Georgia’s Bugwood
Network, USDA Forest Service and the US Department
of Agriculture, Animal and Plant Health Inspection
Service, Plant Protection and Quarantine (USDA APHIS
PPQ), invasive.org is an excellent source of information and images of invasive and exotic species.
www.invasive.org
The Animal and Plant Health inspection Service
(APHIS) Web site outlines the US government actions
to protect and promote US agricultural health, administer the Animal Welfare Act and carry out wildlife
damage management activities. www.aphis.usda.
gov

The Great Lakes Information Network (GLIN) Web site
is a partnership that provides one place online for
people to ﬁnd information relating to the binational
Great Lakes-St. Lawrence region of North America.
GLIN offers a wealth of data and information about
the region’s environment, economy, tourism, education and more. www.great-lakes.net/envt/florafauna/invasive/invasive.html
Hawaii is one of the most invaded places in the United
States. The Web site of the Hawaiian Ecosystems at
Risk project (HEAR) provides technology, methods and
information to decision-makers, resource managers
and the general public to help support effective science-based management of harmful non-native species in Hawaii and the Paciﬁc.
www.hear.org/AlienSpeciesInHawaii/index.html
The Protect Your Waters site is for all recreational
users who want to help stop aquatic nuisance species.
As Americans, we love to spend time in and on the
water. Protecting these resources is an important part
of our overall enjoyment. A concern we must all
address is the spreading of harmful plants, animals
and other organisms. These aquatic nuisance species
can hitch a ride on our clothing, boats and items
used in the water. When we go to another lake or
stream, the nuisance species can be released. And,
if the conditions are right, these introduced species
can become established and create drastic results.
This Web site offers ways to reduce the nuisances.
www.protectyourwaters.net
The Web site of the Aquatic Nuisance Task Force is
dedicated to the prevention and control of aquatic
nuisance species and implementation of the Nonindigenous Aquatic Nuisance Prevention and Control Act
(NANPCA) of 1990. www.anstaskforce.gov

CREDIT
Activity adapted from Oceans of Life — An Educator’s Guide to Exploring Marine Biodiversity, 2003, a resource
of World Wildlife Fund’s Windows on the Wild biodiversity education program. For more information on WOW
please visit www.worldwildlife.org/windows
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Student Handout: America’s “Most Wanted”

Student Name ________________

AMERICA’S “MOST WANTED”

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: The Plaintiffs

Student Name ________________

AMERICA’S “MOST WANTED”

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Case Profile

Student Name ________________

AMERICA’S “MOST WANTED”

To learn more, visit us online at http://www.pbs.org/strangedays/
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1. Asian swamp eel (also known as the rice eel, riceﬁeld eel, belut and rice paddy eel). Originally from

subtropical and tropical climates in East Asia, now found in Georgia, Florida and Hawaii. Extremely hardy eel,
reaching lengths of three feet or more. Typically breathes under water but can also travel across dry land,
breathing air through its snout. Sometimes these eels travel in packs of up to 50. Prefers tropical freshwater
habitat but can tolerate high salt and freezing temperatures. Probably released by aquarium owners. A threat
to frogs, aquatic invertebrates and native ﬁsh such as largemouth bass, upon which it feeds. Arrived in Hawaii
around 1900, arrived in Georgia and Florida around 1996. Major concern is the threat the swamp eels now pose to
native species in the highly diverse ecosystem of the Florida Everglades. (Plaintiff: largemouth bass)

2. Zebra mussel (also known as the moule zebra). Native to Caspian and Black Seas, now found in the

Great Lakes and all major river systems east of the Rockies. Black- or brown-and-white-striped bivalve, reaching
lengths of about one inch. Found in freshwater lakes and rivers. Arrived 1980s, probably in ballast water of ships.
Introduced to smaller lakes by traveling on boat hulls and trailers. Suffocates and starves native mussels and has
pushed the Higgins’ eye pearly mussel, a native of the Mississippi River, to the brink of extinction. Negatively
affects ﬁsh, including walleye and trout, by extracting plant life from the water, which disrupts food chains by
depriving prey species of an important food source. (Plaintiff: Higgins’ eye pearly mussel)

3. Asian longhorned beetle. Originally from China, this beetle is now breeding in New York City and

Chicago. It is also found in other places in the United States, but so far it has not developed sustainable
populations in other areas. About one to one-and-one half inches long, black and shiny, with white spots. Adults
make a hole in the bark of hardwood trees and lay their eggs. Immature beetles hatch and feed on the interior
tissue of trees, then move to the exterior of trees to feed during adulthood. First found in New York City in
1996 and in Chicago in 1998. (Probably arrived in wooden crates or packing materials.) These beetles can destroy
many hardwoods-maples, birches, horse chestnuts, poplars, willows, elms, ashes and black locusts-so they have the
potential to be devastating to city streets where these trees grow. Asian longhorned beetles could also threaten
maple sugaring and other businesses dependent upon hardwood trees. (Plaintiff: maple tree)

4. Purple loosestrife. Native to Europe and Asia and now established in 40 US states. Tall plant with purple

ﬂower. Grows in wetland habitats. Arrived on the East Coast of North America in 1800s. Frequently brought to
the United States, even now, for gardening and landscaping. Replaces native grasses with impenetrable stands
that are not suitable as food, cover, or nesting sites for many native animals, including ducks, geese, rails, bitterns,
muskrats, frogs, toads and turtles. (Plaintiff: least bittern)

5. Indian mongoose. Native of India, the mongoose was introduced to the West Indies and from there

to Hawaii in 1883. It can now be found on the islands of Hawaii, Maui, Molokai and Oahu, but has been
successfully kept out of Kauai. The mongoose is a small, slender carnivore with short legs. It inhabits tropical
forests. Introduced intentionally to Hawaii to help control snakes and rodents, the mongoose has ended up doing
great damage. In particular, it threatens native bird populations, including the nene, which is the state bird of
Hawaii. (Plaintiff: nene)

Continued...
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6. European starling (also known as the English starling and the blackbird). A native of western and central

Europe, the European starling is now common throughout the United States, especially around farmlands and in
urban and suburban areas. A mid-sized perching bird, the starling has black feathers with a green and purple iridescence. Eugene Scheiffelin, who was determined to bring to the United States every bird mentioned by Shakespeare, intentionally introduced starlings to New York City’s Central Park in 1890. From an initial population of
100, starlings expanded and now number around 200 million. Starlings are aggressive birds. They compete with
native birds for nesting holes, drive species such as bluebirds, ﬂickers and crested ﬂycatchers away from areas
near their nests and even attack existing nests of other birds, destroying the eggs. Starlings have been known to
drive red-headed woodpeckers and other native birds from their nesting cavities. (Plaintiff: red-headed woodpecker)

7. Bullfrog. A native of the eastern and central United States, the bullfrog was intentionally introduced to

western states to help control agricultural pests. It continues to spread by way of the aquarium trade and by its
own overland travel. Bullfrogs are the largest of the true frogs in North American, weighing up to one pound.
They live near water and are usually found around lakes, ponds, rivers, or bogs. Bullfrogs prey on snakes, worms,
insects, tadpoles, crustaceans and other bullfrogs. There even have been reports of bullfrogs eating bats. In areas
where they have been introduced, bullfrogs pose a threat to native reptiles and amphibians, including snakes,
turtles and other frogs. In some parts of the United States, bullfrogs are believed to be responsible for declines in
native leopard frog populations. (Plaintiff: leopard frog)

8. Fire ants. Although there are some native ﬁre ants in the United States, the red imported ﬁre ant is a native

of South America. It is now found throughout the southwestern and southeastern United States. These imported
ﬁre ants live and forage for food in underground tunnels and are found everywhere from roadsides to backyards.
The worker ants are dark, small and very aggressive and they sting relentlessly. It is believed that these ﬁre ants
ﬁrst came to the United States around 1920, either in the soil of potted plants or on ships that arrived in Mobile,
Alabama. When Edward O. Wilson, the well-known ant biologist, was just a high school student in Alabama,
he was the ﬁrst person to study and document these imported ﬁre ants. Fire ants are known to attack young
livestock, young horned lizards (horny toads), native ﬁre ants, quail chicks and other species. They also compete
with small reptiles and birds for the same food sources. (Plaintiff: horned lizard)

9. Chinese mitten crab. First discovered in San Francisco Bay in the early 1990s. These crabs are believed to

have been introduced either accidentally in ship ballast water or intentionally by someone interested in starting a
mitten crab ﬁshery. (They are a delicacy in Asia.) Mitten crabs are now spreading quickly and pose many threats.
They burrow into banks and levees, causing erosion. They also cause hardships for local ﬁshers when the crabs
get caught in trawls and ﬁshing nets. The crabs eat a wide variety of plants and animals, including the eggs and
young of local salmon, which are already suffering population declines. (Plaintiff: coho salmon)

Note to Teachers: This lesson and others relating to National Geographic’s Strange Days on Planet Earth can be
found online at www.pbs.org/strangedays/
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IDEAS FOR THE
INFORMAL SETTING
» Create an online gallery
of student cartoons.

» Convert cartoon char-

acters to puppets (species illustrations
enlarged and mounted
on paint sticks) to save
on drawing time and
make the activity more
relevant in an auditorium setting.

» Use butcher paper rolls
to create giant comic
strips that can be displayed on gallery walls.

OVERVIEW

Create a comic strip that depicts an alien species arriving in a new habitat.
Then draw a conclusion (literally!) of what impacts this alien might have
had.

OBJECTIVES

Students will:

» Name some ways that introduced species behave in a new environment.

» Describe some characteristics of an alien species that are likely to
cause problems in its new environment.

» Explain why scientists cannot always predict how an alien species
will affect its environment.

SUBJECTS

Art, Science

VOCABULARY

ballast water, ginkgo, London plane tree, wetland

TIME

3 sessions

MATERIALS

Copies of handouts: Aliens From the Deep and Alien Impacts, Paper and
drawing materials for making comic strips

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science
Education Standards (Grades 5-8):

» Unifying Concepts and Processes—Systems, order and organization
» Unifying Concepts and Processes—Evolution and equilibrium
» Standard C: Life Science—Structure and function in living systems
» Standard C: Life Science—Regulation and behavior
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» Standard C: Life Science—Populations and ecosystems

» Standard C: Life Science—Diversity and adaptations of organisms
» Standard F: Science in Personal and Social Perspectives—Populations, resources and environments
» Standard F: Science in Personal and Social Perspectives—Risks and beneﬁts

BACKGROUND
Because some alien species have the ability to create serious problems for their new environments, we tend to
think of them all as dangerous. But in fact, many alien species do not last long at all in their new environment.
Others prove to be harmless in their newfound habitats. And some even provide signiﬁcant beneﬁts. Although
scientists can never be sure how an introduced species will do in its new home, certain characteristics raise red
ﬂags. In this activity, your students will put on their analytical thinking caps to see if they can anticipate how each
of the species described ended up affecting its new environment. Then your students will use the answers to see if
they can ﬁgure out what some of the “red ﬂag” characteristics might be.

BEFORE YOU BEGIN
Make enough copies of Aliens from the Deep and Alien Impacts so that each student or each team of three
students has one.

WHAT TO DO
1. Hand out copies of the Aliens From the Deep comic strip. Have the students read the Aliens From the Deep

comic strip. Then have them answer the following questions: What are the aliens in the comic strip called?
(Answer: They are a kind of marine snail called RW which in this lesson is short for rapa whelk.) How did they
reach the Virginia port? (Answer: They traveled by ship from the Black Sea.) You can discuss how the aliens were
discharged along with the ship’s ballast water-water that is taken on by a ship in one port to balance the ship for
traveling across the sea. The water is discharged when the ship reaches the new port and unloads its cargo.

2. Discuss alien impacts. Ask the students if they have any idea what will happen to the alien species in the new

home. Explain that scientists are never positive about how a species will fare in its surroundings and how much
of an effect it will have on its new habitat. For example, some species will simply die off because they do not
have the conditions they need to survive. Others (such as oxeye daisies, ginkgo trees and London plane trees)
will establish a population in their new surroundings without signiﬁcantly altering their ecosystem. And other
aliens (such as chickens, wheat and soybeans) may even provide lasting beneﬁts. But some alien species will have
a negative effect on their surroundings. Examples in this group include the kudzu vine (which now blankets entire
forests in the southern United States-choking out native species), the German cockroach and the Norway rat.
Make sure that your students know that the rapa whelk featured in the comic strip is a real species. Scientists
do not yet know exactly what effect the rapa whelk will have on the coastal waters of the Atlantic, but they
are concerned that it will be a big problem. That is because it has characteristics that scientists think make a
Continued...
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more likely to be a menace. In this activity, your students will be learning more about different alien species and
seeing if they can ﬁgure out what some of those menacing characteristics are.

3. Hand out Alien Impacts worksheet. Give a worksheet to each student or, if you prefer, to each group of three

students. Tell the students that they will be making a two-part comic strip of one of the scenarios on the handout.
(You can assign the scenarios or allow the students to select the one they prefer.) In the ﬁrst part of their comic
strip, they should illustrate the information provided. Tell them to use the picture to create a good cartoon
likeness of the species described. They may want to ﬁnd other illustrations or photos of their species to complete
their cartoons. They could also create a map to show the locations of the origin and of the new home of the
species. Encourage the students to have fun with the comic strips, exaggerating characteristics for effect, making
the scenes very active and exciting.

4. Share comic strips. Have at least one student share his or her comic strip for each species on the Alien

Impacts sheet. Have the students speculate what might have happened next. Ask for a rationale for each idea
and a prediction about the impact the alien introduction would have. Share the information about What Really
Happened after each species has been discussed. For the second part of the comic strip, have the students
illustrate what happened following the alien introduction in the ﬁrst part of their comic strips.

5. Review characteristics of a problem-causing alien species. As a group, ask the students to think about some of

the characteristics that led certain species to become a nuisance. Ask for a volunteer to record the answers on the
board. The answers might include, but are not limited to, the following:

» reproduces rapidly (e.g., Hydrilla, green crab, nutria)
» easily adapts to a variety of habitats (e.g., Hydrilla grows in many kinds of water bodies and does especially
well in lakeside habitats; nutria can live in freshwater and saltwater habitats)

» eats a lot or eats many different kinds of organisms (e.g., Nile perch, green crab, nutria)
» has the ability to move quickly and easily (e.g., green crab juveniles are very mobile for 80 days; on the
other hand, the black-tailed jackrabbits’ movements were constrained by roads or water on all sides)

» has very few predators (e.g., Nile perch, green crab)
» is living in an environment that has already been signiﬁcantly changed by humans (Some scientists speculate
that disturbed habitats are more likely to suffer from the introduction of alien species such as purple
loosestrife.)

You should remind your students that scientists still cannot really predict whether an alien species will ﬂourish or
ﬁzzle out in its new habitat. But the characteristics listed above are red ﬂags — indications that a species is more
likely to be a problem than not!

6. Discuss alien species around the world. Ask your students if they were surprised by the impacts that some of

these alien species had on their environment. Then explain that some scientists think that alien species are one
of the most signiﬁcant causes of species decline worldwide. Some scientists think that alien species might even be
more of a problem for threatened and endangered species than habitat loss or pollution. Aliens are
Continued...
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contributing to species loss and ecosystem changes in both terrestrial and aquatic environments in every part
of the world.
In addition, alien species are causing billions of dollars of damage each year to people by wreaking havoc on
ﬁsheries, damaging equipment, requiring expensive cleanups and so on. Have your students heard much about
alien species in their area? Encourage your students to collect information or articles about alien species in your
community or region.

7. Describe the ﬁnal assignment. As an in-class exercise or as a homework assignment, have the students imagine

they are asked to assess the likely threat of the alien species in the Aliens From the Deep comic strip. What things
would they need to know about the species to complete their assessment? (Answers will vary but may include:
what it normally eats, whether those foods are available in the Atlantic port, which other organisms it is now
consuming, how rapidly it reproduces, how it moves, whether it has any local predators, whether others of its
species have ever been seen in these or nearby waters and so on.)

ASSESSMENT
Using the student created comic strip, consider the concepts of:
» how the species was introduced
» the behavior of the species in the new environment
» the reasoning used by the student

Needs Improvement—Addresses only one or two of the criteria or is not adequate in addressing any one
of the three.

Satisfactory—Adequately addresses all three criteria.
Excellent—Reveals scientiﬁc method in thinking through the introduction, the behavior and the impact of the
species on the environment.

EXTENSION
» Students can conduct further research on one of the species described brieﬂy in the Alien Impacts worksheet. Have students use the Internet, books, newspapers and other sources to round out their research.
» They may also want to contact resource managers working at government agencies, such as the US Fish and
Wildlife Service or US Department of Agriculture, to gather information on these alien species.

CREDIT
Activity adapted from Oceans of Life — An Educator’s Guide to Exploring Marine Biodiversity, 2003, a resource
of World Wildlife Fund’s Windows on the Wild biodiversity education program. For more information on WOW
please visit www.worldwildlife.org/windows
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Student Handout: Aliens From The Deep

Student Name ________________

DRAWING CONCLUSIONS

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Alien Impacts

Student Name ________________

DRAWING CONCLUSIONS

Alien species reach new homes through many different pathways and with very different results. Some die
off quickly, some persist but never cause any trouble, some bring people beneﬁts, and some cause signiﬁcant
environmental disruption. Can you guess how each of the following ended up affecting its habitat?

1.

In the 1960s, scientists in
Florida discovered a non-native
aquatic plant called Hydrilla growing in local waterways. Once it is
rooted in the bottom of lakes and
ponds, Hydrilla grows upward to
form a dense mat on the water’s surface. It can grow in waters with low
or high nutrient levels, and it does not
require much sunlight. It has four modes of reproduction, including resprouting from a very small plant
fragment. It can grow as much as an inch a day.

3.

In 1962, Africa’s Lake Victoria contained a rich
diversity of native ﬁsh, including hundreds of species
of small ﬁsh called cichlids (SIK-lidz). British businessmen introduced Nile perch to Lake Victoria to create
commercial and sport ﬁshing opportunities for the
local people. Nile perch are large ﬁsh that consume
a diversity of other ﬁsh. What do you think

happened?

What do you think happened?

2.

In the 1950s, a crate broke open at what is
now the John F. Kennedy International Airport in New
York City, allowing dozens of black-tailed jackrabbits
to leap to freedom. These large hares normally live
in prairies, meadows, and pastures of the western
United States. However, after this incident, the jackrabbits found themselves on a wide, grassy
area bordered on three sides by water, and
on the fourth side by a network of highways. Jackrabbits in their native environment eat greens in the summer and woody
vegetation in the winter. They mate yearround, producing one to four litters a year with one to
eight young per litter.
Hawks, coyotes, owls,
and badgers eat jackrabbits. What do you

4.

The European green crab reached the Atlantic
coast of the United States in the eighteenth century,
landing somewhere between New Jersey
and Cape Cod. The green crab is a
voracious eater and can open or
crush oysters, mussels, and clamshells, and it even consumes
other crabs. Females produce
200,000 eggs each year, and
their young are very mobile
for the ﬁrst 80 days of
life. What do you

think happened?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Alien Impacts

Student Name ________________

DRAWING CONCLUSIONS

5.

In the 1890s, native oysters off the US Paciﬁc
Northwest coast were being overharvested. In the
1920s, in an effort to boost the oyster industry, people
imported a species of large Japanese oysters to the
region. They are still being imported today. This oyster
matures in about one and one-half years in warm
waters. In cold waters, it can take four to ﬁve years
to mature. An oyster produces millions of eggs, but
only a small portion of these survives. What do you

think happened?

7.

Hunters brought ring-necked pheasants from Asia
to the United States from the 1800s to early 1900s.
Wildlife management agencies and individuals alike
hoped that these ground-dwelling birds would reproduce and provide a good target for hunters. Ringnecked pheasants feed on a wide variety of plants,
including berries, grasses, and cultivated crops. They
spend a lot of time in the open, but they require
hedges or wetland areas for shelter. Females lay about
6 to 18 eggs each year, many of which are eaten by
predators. What do you think happened?

6.

In 1937, imported South American rodents called
nutria were released into the US Gulf Coast region in
hopes that they would someday supply the fur industry with an alternative to mink. Nutria are aquatic
animals that are able to survive in freshwater and saltwater habitats. They reach sexual maturity as early as
four months of age, and they breed year-round, producing four to six young per litter.
They feed on almost any green
plant found on land and in
the water, including some
grains. They may eat an
amount of food each day
that is equal to one-fourth of
their body weight. Their primary
predators are trappers and alligators. What do you think

happened?

To learn more, visit us online at http://www.pbs.org/strangedays/
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EDUCATOR PAGE: ANSWERS TO ALIEN IMPACTS—WHAT REALLY HAPPENED

1.

Hydrilla has been called “the perfect aquatic weed” because it is capable of spreading so fast and so far. (In
its native Asian habitat, Hydrilla is kept in check by the periodic dry seasons, which cause it to die off because of
lack of water.) Although ill suited to deep water, it is perfectly suited to shorelines, shallow ponds, and the many
shallow lakes that cover the state of Florida. It has also spread rapidly along the coastal areas of the United States.
Where Hydrilla has become established, it forms dense mats on the water’s surface. It displaces native plants,
impedes water ﬂow, suppresses some native ﬁsh populations, and interferes with aquatic recreation activities such
as ﬁshing, scuba diving, and boating. While some people favor Hydrilla because it provides food for waterfowl, it
poses signiﬁcant problems for the majority of wildlife in the ecosystems it has invaded.

2.

The black-tailed jackrabbits have been able to get enough food to survive and reproduce at Kennedy
Airport, and have established a moderate-sized but harmless population. The hares are prevented from spreading
into other regions by the road and water barriers on each side of the airport.

3.

Nile perch were part of the Lake Victoria ecosystem for about 20 years before they began to feed heavily
on native ﬁsh. Since then, more than 80 native species have become extinct. But are the Nile perch to blame?
Some scientists think that pollution, overﬁshing, and other environmental problems are responsible for most of
the decline in ﬁsh populations. In fact, things have gotten so bad in Lake Victoria that adult Nile perch are now
eating juveniles of their own species, and some people think the perch may also be headed toward extinction.
Another environmental problem came about after the Nile perch were introduced. When the local people began
eating the perch, they found that these oily non-native ﬁsh had to be dried over an open ﬁre, so the people
decimated the forests all around the lake in the process of gathering ﬁrewood. Until then, local people had eaten
native ﬁsh, which dried easily in the sun.

4.

The green crab has proven to be an extremely damaging invasive species. Spreading slowly up the Atlantic
Coast, the crab has destroyed Maine’s soft-shell crab industry and now threatens scallops from Maryland to
Massachusetts. The green crab is a popular seafood in parts of Europe, but not in the United States.

Continued...
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5.

The Paciﬁc, or Japanese, oyster is in certain ways an example of a successfully introduced species. Even today,
these oysters are cultured in Willapa Bay and Puget Sound and produce a signiﬁcant portion of Washington’s
$40-million-a-year oyster revenues. Unfortunately, importers did not just bring Paciﬁc oysters: The oysters’ packing
crates also contained the Japanese oyster drill. Oyster drills bore into oyster shells and then eat the oyster, so the
drills have to be handpicked out of oyster beds. What’s more, some of the earliest shipments of oysters brought
Spartina, or cordgrass, to the region-an invasive species that displaces oyster beds.

6.

Nutria have spread steadily throughout the Gulf Coast region since their early introductions in the 1930s and
1940s. Although populations are somewhat controlled when nutria are trapped for their meat, these non-native
mammals still cause a great deal of damage to their newfound habitat. Nutria reduce native vegetation, destroy
sugar cane and rice crops, and are believed to have contributed to declines in native muskrats and water fowl.

7.

Ring-necked pheasants are said to be among the most successful of introduced game animals. Despite annual
restocking by wildlife agencies and hunting organizations, they have never become a serious nuisance. In fact,
the pheasants can create signiﬁcant economic beneﬁts because of the value they provide as a prized upland
game bird. Their populations are kept in control by predation, and in some places their populations are declining
because of bad weather, pesticide use, and the reduction of suitable habitat. (Pheasants thrive where crops are
interspersed with hedges and wetlands, but they suffer when wetlands are drained and hedges are removed.)

Note to Teachers: This lesson and others relating to National Geographic’s Strange Days on Planet Earth can be
found online at www.pbs.org/strangedays/

Drawing Conclusions 34

Invaders

Decisions! Decisions!
IDEAS FOR THE
INFORMAL SETTING
» Create scenario cards
that focus on local
species.

» Have the teacher con-

duct the post- role-play
discussions as follow-up
back in the classroom.

» Have students perform
their skits for public
visitors.

OVERVIEW

Play the part of community decision-makers trying to take action on alien
species.

OBJECTIVES

Students will:

» Identify several methods for controlling alien species.
» Explain controversies and considerations surrounding the economic,

ecological, ethical, social, and aesthetic issues involved in controlling
alien invasions and restoring native species.

SUBJECTS

Social Studies, Science, Art (drama), Language Arts

VOCABULARY

alien species, ballast water, ecological restoration, exotic species, introduced species, invasive species, non-native, species

TIME

2 to 3 sessions

MATERIALS

Copies of Scenario Cards

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science
Education Standards (Grades 5-8):

» Standard F: Science in Personal and Social Perspectives—Risks and
beneﬁts

BACKGROUND
In recent years, scientists have shown that invasive alien species are one
of the most signiﬁcant causes of species extinctions around the country
and the world. Not surprisingly, then, a great deal of effort has gone
into trying to prevent new invasions and control those that have already
occurred.
Continued...
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Background, continued...
In general, preventing an alien invasion is less expensive than combating one that is already well underway.
Preventive approaches include customs inspections at airports and seaports, treatment of the ballast water in
ships, bans on dumping bait or aquarium ﬁsh into waterways, and so on.
Prevention techniques are sometimes controversial. In the United States, nurseries and pet shops will often
oppose restrictions on certain plant and animal imports because these restrictions limit the stores’ opportunities
for sales. In recent years both groups have begun to encourage voluntary control of invasive species as reﬂected in
the pet industry’s Habitatitude program and the landscape and nursery industry’s support of the voluntary codes
of conduct found within the St. Louis Declaration. (See the MORE INFORMATION section for details). Likewise,
many people have challenged policies requiring ships to exchange their ballast water out at sea, pointing out that
it can be hazardous to the people on board because it makes the ship unstable.
But the most intense controversies—and the most signiﬁcant costs—generally arise over efforts to control alien
species invasions once they occur. For one thing, control techniques are far more radical than prevention: They
include tactics such as trapping invasive wildlife, introducing new alien species to control existing ones, and
poisoning waters where aquatic aliens have invaded.
These techniques are often very expensive. They can also be objectionable to local people who have come to
appreciate the alien invaders for their aesthetic, recreational, or nutritional value. And these methods are often
ﬁlled with scientiﬁc uncertainty. For example, biologists concerned about purple loosestrife invasions in U.S.
wetlands have begun introducing an alien beetle that is known to feed on loosestrife in the plant’s native habitat.
Although scientists have conducted rigorous laboratory tests, many people worry that the beetle itself may end
up becoming a nuisance in its new environment.
Despite all these challenges, most conservationists agree that controlling alien invasions and restoring native
species is essential if we hope to sustain the nation’s—and the world’s—biodiversity. With that in mind, this
activity gives your students a chance to explore some of the many approaches that people are taking to control
invasions and restore native ecosystems. It also encourages them to grapple with some of the many complexities
involved in these efforts.

BEFORE YOU BEGIN
Make enough copies of the Scenario Cards so that each scenario goes to one-fourth of the students.

WHAT TO DO
1. Discuss alien control efforts. Ask the students if they have thought about what can be done to reduce the

impact of alien invasions. Can they think of ways that people can prevent alien invasions from happening in the
ﬁrst place? Have they heard of any methods for stopping alien species invasions once they have already occurred?
Explain that they will be taking a closer look at ways to control alien species in this activity.

Continued...
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2. Explain to the group that they will be acting out four true stories of conﬂicts involving alien species management. Divide the students into four teams and have them gather in different parts of the room. (Note: “Swan
Song” is written at an easier reading level and describes a less complex issue than the other three.) Give each
member of Team 1 a copy of Marina Sauce, Team 2 a copy of Ballast-ing Acts, and so on.
Have the team members read through their scenarios. Then have them come up with a skit, as directed on the
cards, and assign roles to different members of their group. Ideally, all students should be involved in the roleplay. Tell the students to try to develop a situation that will be dramatically interesting while getting to the
core of the conﬂict described. (Note: As an alternative, you can have the students read and respond to their
scenarios without having them perform. But role-plays often help get students involved in the material and
provide an opportunity for interactivity with the entire class.) You will probably want to give the students at
least 20 minutes to prepare their skits. Also have students indicate on a map the site or region in which their
scenario takes place.

3. Conduct role-plays. Have the four groups take turns presenting their role-plays. After each performance, have
the rest of the class jot down their answers to the following questions:

a. What is the non-native species described in the scenario, and what problems is it causing?
b. What actions have been proposed to control the invasive species?
c. Why do some people disagree with these actions?
When the students have completed their skits, have them return to their seats for a group discussion.

4. Discuss the complexities of ecological restoration. Remind your students that all four role-plays portrayed

attempts at ecological restoration. Ecological restoration is the practice that includes restoring native habitats
and species by combating invasives. Review the four scenarios and have students share their responses to the
three questions. Then ask them what they would do if they were a decision-maker in each of these instances.
Solicit feedback on one scenario at a time, asking for a show of hands for different options. Ask the students
to explain their responses.
This discussion is an appropriate place to encourage students to listen to and show respect for differing opinions.
You might want to see if the students can identify the values that inform their decisions in each of these cases.
Did they ﬁnd themselves most concerned about ecological health? Aesthetics? People’s welfare? Jobs? Costs? Why
might it be useful to identify the underlying values of the different people involved in these conﬂicts before
trying to reach a resolution?

5. Discuss scientiﬁc uncertainty. Ask the students to think about the role of scientiﬁc uncertainty in these disputes.
In which examples did a lack of scientiﬁc certainty about the invasive species (and its effects) seem to affect the
viewpoints of people involved? In which cases did lack of scientiﬁc certainty about ways to control the alien
species play a role? Encourage the students to think about the pros and cons of taking action when you lack
scientiﬁc certainty about the effects of that action.

Continued...
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6. Wrap up the activity. To wrap up this activity, have the students write a brief paragraph explaining whether
they think alien species control is important and describing why it is often challenging. Then have them list
explanations and examples of how alien species control can be a challenge:

» economically
» ecologically
» ethically
» socially
» aesthetically
You might want to review these explanations as a group, or collect them to use as an evaluation.

ASSESSMENT
Have students write a short reﬂective essay on a local non-native species. The essay should explore why trying to
control this plant or animal might be controversial in economic, ecological, ethical, social, and aesthetic terms.

Needs Improvement—The essay includes some of the elements but fails to create a cohesive, reﬂective piece.
Satisfactory—The essay includes all of the required elements.
Excellent—The essay reveals critical thinking, logical reasoning, and creativity in how the elements are constructed.

EXTENSION
» Have your students investigate a local project to control alien species. What are the pros and cons of this
effort? If your students can ﬁnd people who support it and others who oppose it, have them interview
both groups.

» See if your students can ﬁnd a local habitat restoration project that needs volunteers. Plan a weekend
workday to help with this project.
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MORE INFORMATION
Alien Species Resources
Here are just a few resources to help you design and
enhance your Alien Species Scenario. Because this is
an area of great ecological concern, there are many
additional resources available on alien species.

Organizations
Aquatic Plant Management Society, Inc. (APMS) is
an international organization of scientists, educators,
students, commercial pesticide applicators, administrators, and concerned individuals interested in the
management and study of aquatic plants. The society
published an activity booklet for ﬁfth graders called
Understanding Invasive Aquatic Weeds, which is available on line. Click on “Publications” and then on
“Activity Book.” www.apms.org
National Invasive Species Council (NISC), formed
by an Executive Order of the President in 1999,
ensures that federal agency activities dealing with
invasive species are properly coordinated. A comprehensive online information system can be found at
www.invasivespecies.gov
National Sea Grant College Program has an Exotic Species Resource Center that produces educational materials. Sea Grant is a program of the National Oceanic
and Atmospheric Administration of the US Department of Commerce. The New York Sea Grant program
operates the Aquatic Nuisance Species Clearinghouse,
an international library of research, public policy,
and educational publications that pertain to invasive
marine and freshwater aquatic nuisance species
in North America. To access the clearinghouse
visit www.cce.cornell.edu/aquaticinvaders/nan_ld.cfm
or access the general Sea Grant College Program site
at www.seagrantnews.org/education
US Environmental Protection Agency and the Ocean
Conservancy highlight ways for volunteers to monitor
invasive species and collect samples in their jointly
produced Volunteer Estuary Monitoring: A Methods
Manual. www.epa.gov/owow/estuaries/monitor/
Continued...

Western Society of Weed Science (WSWS) is made up
of weed science professionals working in the western
United States and offers educational resources such
as A Kid’s Journey to Understanding Weeds. www.
weedcenter.org/education/kids_journey.htm

Curriculum Resources, Books, and Web Sites
Alien Invaders-A Rivers Curriculum Project investigates
issues surrounding the zebra mussel, which has
invaded the waters of the United States and
Canada. Project materials and zebra mussel
monitoring devices are available from the Rivers
Project. www.siue.edu/OSME/river/
Ordering%20Materials/Order.html
America’s Least Wanted: Alien Species Invasions of US
Ecosystems, a program of NatureServe and the Nature
Conservancy, provides a list of their “dirty dozen”
alien species and describes the ecosystems these
aliens affect. www.natureserve.org/publications/
americasleastwanted.jsp
Black Sea Battle is a story produced by the Why Files
in Education. The Why Files is an NSF-funded project
that uses news and current events as springboards to
explore science, health, environment, and technology
with activities that are correlated to national science
standards. Black Sea Battle tells the story of the invasion of jellyﬁsh into the Black Sea and the resulting
effects on the native ﬁsh population. www.whyfiles.
org/055oddball/fish.html
The Bridge-Ocean Sciences Education Teacher
Resource Center is a growing collection of the best
marine education resources available on line. It provides educators with a convenient source of accurate
and useful information on global, national, and
regional marine science topics and gives researchers
a contact point for educational outreach. Under the
“Ocean Science Topics,” select “Biology,” then “Exotics.” Produced by Sea Grant Marine Advisory Services,
Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062. www.
vims.edu/bridge

Decisions! Decisions! 39

Invaders
More Information, continued...
Center for Invasive Plant Management, in cooperation with Michigan State University, provides links to
K-12 teaching resources on invasive species, including
books and program ideas. The site is also a resource
for invasive species grants, management ideas, identiﬁcation information, and control methods. www.
weedcenter.org/education/educator_res.htm#k12
Exotic Aquatics and Zebra Mussel Mania Traveling
Trunks are part of the “Traveling Trunks” education
program produced by the Illinois-Indiana and Minnesota Sea Grant Programs. Trunks are ﬁlled with
educational materials that can be used by students
to gain hands-on experience with aquatic exotic
plants and animals. www.siue.edu/OSME/river/
Ordering%20Materials/order_Zebra.html
Exotic Aquatics on the Move: Lesson Plans (for
grades 6 through 12) is a collection of activities
focusing on non-native species in the marine environment. The resource is available on CD-ROM and
in print from Washington Sea Grant Program Publications. (206) 543-0555. www.seagrant.umn.edu/
pubs/mailorder.html
Habitattitude is a campaign to prevent aquarium hobbyists, backyard pond owners, water gardeners, and
others who are concerned about aquatic resource conservation from releasing aquarium and pond exotics
into the wild. A partnership of the US Fish and Wildlife Service, Sea Grant, and pet and nursery industry
groups. www.habitattitude.net
The St. Louis Declaration includes voluntary codes
of conduct that help govern decisions made by commercial, professional, and government groups whose
actions affect the spread of invasive plant species.
These include government agencies, nursery professionals, the gardening public, landscape architects,
botanic gardens, and arboreta. The declaration was
the product of a three-day meeting in December
2001 that brought together experts from across the
globe to St. Louis, Missouri to explore and develop
workable, voluntary approaches for reducing the
introduction and spread of non-native invasive plants.

The Missouri Botanical Garden and the Royal Botanic
Gardens, at Kew Gardens in England, convened the
workshop. www.fleppc.org/FNGA/St.Louis.htm
The Sea Grant Nonindigenous Species Site (SGNIS),
produced by the Great Lakes Sea Grant Network,
is a national clearinghouse for information on
zebra mussels and other aquatic nuisance species.
www.sgnis.org
Wild Things 2001: Investigating Invasive Species is a
middle-school curriculum guide created by the US Fish
and Wildlife Service. The guide emphasizes ﬁeld trips
and outdoor activities as a way to learn about alien
species in natural habitats. www.wildthingsfws.org/
WT2001/guide_instructions.htm
You Ought to Tell Somebody! Dealing with Aquatic
Invasive Species video gives an overview of the invasive species problem and provides identiﬁcation and
natural history information about one signiﬁcant
northwestern threat, the Chinese mitten crab. Available from Oregon Sea Grant, 322 Kerr Administration Building, Oregon State University, Corvallis, OR
97331-4501. $18.95. www.seagrant.oregonstate.
edu/sgpubs/multimedia.html

CREDIT
Activity adapted from Oceans of Life — An
Educator’s Guide to Exploring Marine Biodiversity,
2003, a resource of World Wildlife Fund’s Windows
on the Wild biodiversity education program. For more
information on WOW please visit www.worldwildNote to Teachers: This lesson and others relating to
National Geographic’s Strange Days on Planet Earth
can be found online at www.pbs.org/strangedays/
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Student Handout: Scenario Cards

Student Name ________________

DECISIONS! DECISIONS!

Marina Sauce

When divers explored a marina off the Australian
town of Darwin, they saw something they knew did
not belong: tiny mussels related to the zebra mussel,
which have clogged up North America’s Great Lakes.
Hundreds of millions of these mussels were clinging to
piers and boat hulls and lines where there had been
none just six months earlier. The divers, who were
part of an inspection team from a scientiﬁc agency,
identiﬁed the mussels as coming from Central America. They believed the mussels had arrived on the hull
of a yacht. Within a week, government ofﬁcials
took drastic action. First, they refused to let any boats
in the area leave the port, despite the objections of
boat owners. Then they poisoned the waters of the
marina with chlorine and copper.

Ballast-ing Acts

In certain parts of San Francisco Bay, you can ﬁnd as
many as 3,000 Asian clams per square foot! The Asian
clam is just one of the 250 alien species threatening
the habitats and ﬁsheries of the bay. Many of these
aliens originally traveled to San Francisco Bay with
ships delivering goods from across the ocean. These
huge ships take water, called ballast, into large tanks
to help balance their load. When the ships arrive in a
new port, they discharge the water before reloading.
But as this water is discharged, so are all the creatures
that were taken in at the last port and that survived
the trip. As many as 50 species have been found in
the ballast water of a single ship. There may not be
anything that eats these alien species in their new
home, and they may start to take over and crowd
out the species that belong there. For this reason,
concerned people in the San Francisco Bay area, as
well as in other ports, are trying to ﬁgure out a way to
get the aliens out of the ballast water.

The poison killed all of the mussels, but it also killed
everything else that lived in the marina waters. Now,
though, the native species are coming back and the
Central American mussels have not returned. But was
it worth the $1.5 million price tag? What happens
if the mussels show up again? And is it ecologically
acceptable to poison natural areas and kill off so much
life? These are issues that have yet to be resolved.

What to Do

The main characters in your scenario are shown in
bold type above. Use them, along with any others
characters you would like, to portray some of the conﬂicts and complexities involved in getting the Central
American mussels out of the Darwin marina.

Some conservationists advocate having ships pause
before they get to port, dump out their ballast water
(since most coastal species cannot survive that far out
at sea), and replace it with deep-sea water. But some
ship captains say that it is a dangerous practice, leaving ships temporarily unstable. They think it would be
foolish to comply with the regulations. Biologists are
researching the possibility of using ﬁlters, UV radiation, or other processes that could strain out or kill
organisms in ballast water. But more research (and
funding) is needed to see if these methods will work.

What to Do

The main characters in your scenario are shown in
bold type above. Use them, along with any others
characters you would like, to act out a situation that
shows the conﬂict over ballast water treatment in the
San Francisco Bay area.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Scenario Cards

Student Name ________________

DECISIONS! DECISIONS!

Discord Over Cordgrass

The Willapa Bay region of Washington State is one
of the most productive coastal areas in the world.
Oyster, clam, and salmon ﬁsheries are a huge part of
the economy. Thousands of birds come here to feed
and nest. Unfortunately, the health of this region is
threatened by several exotic species, including Spartina, or cordgrass. Spartina was brought to the region
in the 1800s as packing material for eastern oysters,
which were introduced to revive the oyster industry
after native oysters were harvested to near extinction.
Unfortunately, Spartina has grown out of control in
its new home, reducing the habitat for native crabs,
snails, salmon, shorebirds, and other organisms. Not
surprisingly, people are working hard to get rid of
Spartina to protect the ecosystem and the economy.
They have tried mowing and hand-plucking the grass,
and some people are advocating the introduction of a
Spartina-eating insect to the area. But so far the most
cost-efﬁcient control method seems to be an herbicide that, when dumped into the water, kills off much
of the grass. Many people involved in the oyster
industry favor this control method.

Swan Song

Almost everyone agrees that mute swans are majestic,
beautiful birds. What they do not agree on is whether
mute swans belong on lakes and bays in the Northeast
and Mid- Atlantic states. Mute swans were introduced
to the United States from Europe in the 1800s, and
they are continuing to spread. Now biologists say that
these invasive swans are damaging wetlands. They
say the birds force out native water birds, making it
impossible for the native birds to nest and reproduce.
In Vermont, wildlife managers concerned about the
effects of mute swans recently began shooting and
killing the swans on their lakes after other control

But members of the Shoalwater Bay Indian tribe,
which has a reservation on the edge of the bay, are
concerned. They do not think it makes sense to put
a poison in the water, since other living things in
the bay can absorb it. They are especially concerned
because members of their tribe have been having serious health problems. Instead, the tribal members and
others insist, people should investigate other ways
of controlling Spartina. They suggest, for example,
that people in the paper industry could mow and
hand-cut the Spartina and make it into paper and
other products. This would not get rid of the grass as
cheaply or quickly as the herbicides do, but it could be
much better for people and the ecosystem over the
long run.

What to Do

The main characters in your scenario are shown in
bold type above. Use them, along with any others
characters you would like, to portray the conﬂict over
controlling Spartina grass in Willapa Bay.

methods did not work. Some local residents were
furious, especially because the shootings were unannounced and because they happened right in front of
their eyes.

What to Do

The main characters in your scenario are shown in
bold type above. Use them, along with any others
characters you would like, to act out a situation
depicting the conﬂict over mute swans on Vermont’s
lakes.

To learn more, visit us online at http://www.pbs.org/strangedays/
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The One Degree Factor

Sources of Carbon Dioxide
IDEAS FOR THE
INFORMAL SETTING
» Collect samples in

advance and conduct
these experiments at a
public demonstration
station.

OVERVIEW

The common sources of carbon dioxide that contribute to the greenhouse
effect are brought home to your students through this popular activity
in which they compare the carbon dioxide content in their breath and
in car exhaust.

OBJECTIVES

Students will:

» Improve their abilities to apply a chemical testing technique in
conducting an experiment.

» Practice sampling and testing procedures like those used in scientiﬁc
studies of the atmosphere.

» Draw out the distinction between “natural” and “industrial” sources
of carbon dioxide in the atmosphere.

» Communicate the relative contributions of the industrialized and
developing nations to the global warming problem.

SUBJECTS

Science, Social Science

VOCABULARY

carbon dioxide, exhaust, fossil fuels, greenhouse gases, infrared energy,
nitrogen, ocean uptake, pH

TIME

1 to 2 sessions plus follow-up

MATERIALS

For the class

» 1 box of baking soda
» 1 gallon of diluted bromothymol blue (BTB) (see BEFORE YOU BEGIN for
instructions on how to prepare)
» 1 air pump
» 1 gallon bottle white vinegar
» 1 graduated cylinder or measuring cup
» 1 car
» 1 manila folder
Continued...
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IMPORTANT NOTE
When cleaning bottles and cups,
simply rinse with water. Do NOT
use soap! Soap residue will
bubble and will affect the pH of
the gas test. If soap has been
used inadvertently, make sure the
bottles are extremely well rinsed
with water.

» 1 roll of masking tape or duct tape
» 1 chalkboard and chalk, or butcher paper and marker

For each group of four students

» 1 empty glass wine bottle, 750 ml
» 1 squirt bottle containing BTB
» 1 teaspoon
» 3 plastic cups, 8 oz. size
» 5 small 3½ oz. clear plastic cups
» 4 balloons, 8-10” in diameter, 3 different colors
» 1 roll of masking tape or other object with a hole about 3½” in diameter;
same size for all groups
» 1 tray
» 1 sheet of white paper
» 4 plastic straws
» 8 twist-ties
» 1 handout: Four Gas Samples: Observation Sheet

For each student

Copies of handouts: Four Gas Samples: Data Sheet and Carbon Dioxide In
the Atmosphere: Who Contributes and How Much?

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):

» Standard Standard A: Science as Inquiry—Abilities necessary to do scientiﬁc inquiry
» Standard B: Physical Science—Properties and changes of properties in matter
» Standard F: Science in Personal and Social Perspectives—Population, resources, and environments
BACKGROUND
Carbon dioxide is a natural component of Earth’s atmosphere and plays an important role in maintaining a
livable temperature on the planet. All animals, including humans, produce carbon dioxide when they breathe.
Carbon is also released from rocks through natural weathering processes and is released in the exchange of gases
between the oceans and the atmosphere. Other processes such as photosynthesis (short-term) and sedimentation
(long-term) absorb carbon dioxide. Through this natural cycle, Earth maintains a carbon balance.
Human actions, such as the burning of fossil fuels, are adding carbon dioxide to the atmosphere at a rate faster
than natural processes can absorb. The long-term processes that remove carbon dioxide from the atmosphere
(ocean uptake and sedimentation) work very slowly.
As a result, carbon dioxide levels in the atmosphere are increasing. Higher concentrations of carbon dioxide hold
more infrared energy in the atmosphere than occurs naturally. This added heat warms the atmosphere and Earth’s
surface. The vast majority of the scientiﬁc community agrees that increasing carbon dioxide in the atmosphere
leads to gradual warming of Earth’s climate.
Continued...
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In this activity, students use bromothymol blue (BTB) to test gas samples
for carbon dioxide. They apply the technique in an experiment to investigate sources of carbon dioxide in their immediate environment. From
these tests, students learn that the concentration of carbon dioxide
exhaled by humans is less than in car exhaust. They discuss the implications of their results for controlling the amounts of carbon dioxide
released into the atmosphere. Then, through a follow-up assignment,
they learn how much the various nations of the world contribute to the
increase of carbon dioxide in the atmosphere.
(NOTE: Obtaining samples of gas from auto exhausts is much easier than
it might seem, and it is exciting for students to see the samples collected
in front of their eyes. Observing how rapidly the balloons inﬂate is also a
graphic demonstration of how much gas cars release into the atmosphere
every second. If you are concerned about safety issues relating to obtaining samples, use adult volunteers to assist.)

BEFORE YOU BEGIN
On the Day Before the Activity:
1. Prepare the BTB solution. Make a one gallon solution of BTB and water.

If beginning with the concentrated liquid, ﬁll a one gallon (3.8 liter) bottle
9/10ths full with tap water and add BTB concentrate until the solution is
a deep, transparent blue. The exact concentration is not critical. However,
you should test the solution by pouring ½ oz. (15 ml) solution into one of
the small clear cups. Using a straw, bubble one lungful of breath through
the small cup of solution. If the solution turns green, it is OK. If it stays
blue, or only slightly bluish green, it is too concentrated. Pour out some
solution, add more water, and test again. If it turns yellow, it is too
diluted, and you need to add more BTB.
If you start with BTB in powdered form, the instructions are the same,
except you must ﬁrst prepare the concentrate. Put 0.03 oz. (1 gram) of
BTB powder into a 2.1 pint (1 liter) container. Add 1.1 tablespoons (16
ml) of 0.1 molar sodium hydroxide (0.1 M NaOH) and dissolve the crystals
of BTB. Add 2.1 pints (1 liter) of water to make 2.1 pints (1 liter) of
concentrate. For each group of four students, ﬁll a squirt bottle with
about 6 oz. (0.2 liter) of prepared BTB solution.

USING BTB
Bromothymol blue solution (BTB),
used here to test for the presence
and relative concentration of
carbon dioxide, is an acid/base
indicator that measures the pH
range from 6.0 (yellow) through
green to 7.6 (blue). The blue BTB
solution moves toward the yellow
(or more acidic) end of the indicator range with increasing concentrations of CO2 due to the
carbonic acid created when the
CO2 is bubbled through water.
BTB is a much-used chemical indicator and is not considered dangerous given normal precautions
and conditions. However, BTB
should be handled using standard
lab safety procedures. When preparing the solution, protective
gloves and goggles are recommended. While there are little
data available on adverse health
effects, spills of BTB on bare
skin may be irritating, and the
affected area should be washed
immediately with soap or mild
detergent and large amounts of
water. If the eyes are affected,
they should also be washed out
with large amounts of water.
If BTB is swallowed, it may
cause gastrointestinal irritation.
Do not induce vomiting; get medical attention immediately.

2. Use a car with a round exhaust pipe (square tailpipes are difﬁcult to

seal). Prepare a cone for collecting car exhaust by rolling up a manila
folder the long way. One end must be larger than the opening of a car’s
tailpipe, and the other end must be small enough for a balloon to ﬁt over
it. Use plenty of tape to hold the cone in shape and to make the sides
of the cone airtight. Trim the ends of the cone with scissors if necessary.
Make a spare cone and have tape, folders, and scissors on hand when you
Continued...
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collect the gas. Practice ﬁlling a balloon
with car exhaust before class. Approach
the exhaust pipe from the side and hold
your breath when ﬁlling the balloons so
you do not inhale the gases.

Opening must be large enough
to fit over an exhaust pipe.

3. Make one copy of the two-sheet

assignment: Carbon Dioxide In the
Atmosphere: Who Contributes and How
Much? and the Four Gas Samples: Data
Sheet for each student. Make one copy
of the Four Gas Samples: Observation
Sheet for each group of four students.

Opening must be small enough
for balloon to fit over it.

On the Day of the Activity:
1. Park the car within close walking distance. Prefer-

ably, the class should not have to cross a street to get
to the car. Decide where the students should stand
to watch you collect the gas samples so they can see
what is happening, but are not in trafﬁc. Since auto
exhaust contains toxic gases, the students should
stand back far enough so they do not have to breathe
in car exhaust.

2. Assemble the equipment that each student team

will need, using trays for easy distribution. Use the
amounts of BTB solution indicated above in this section.

3. Have the air pump available to be passed around
from group to group.

WHAT TO DO
Introduction:
1. Introduce the concept of global warming and

discuss why we might be concerned about levels of
carbon dioxide in the atmosphere.

ACIDS AND BASES
The simplest atom is hydrogen. Its nucleus is a proton,
which has a positive electrical charge. Around the
nucleus is an electron, which has a negative electrical
charge. When a hydrogen atom loses its electron, all
that is left is the proton. A proton is symbolized as H+
since it is the nucleus of a hydrogen atom and has a
net positive charge.
Chemicals made up of molecules from which protons
(H+) may easily detach are called acids. The protons
attach themselves to other molecules ﬂoating in the
water. These positively charged particles give the acid
certain chemical properties. For example, when mixed
with bromothymol blue (BTB), acids turn yellow.
Other chemicals, called bases, are composed of molecules from which pairs of hydrogen and oxygen atoms
easily detach. Each of these pairs of atoms has a negative electrical charge, symbolized as OH-.
When acids and bases are mixed in quantities that
provide equal amounts of charged particles, this process is called neutralization.

2. Explain that BTB is an indicator that can be used to test for the presence and relative concentration of carbon
Least
CO2

Most
CO2
blue

greenish blue

bluish green

green

yellowish green

greenish yellow

yellow

Continued...
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dioxide. On the chalkboard or on the butcher paper, draw the scale of how BTB changes color when exposed
to different amounts of carbon dioxide.

3. Explain to the class that among the sources of carbon dioxide in the atmosphere are car exhaust and the
breath of humans and animals. The students will compare the concentration of carbon dioxide from a car’s
exhaust with other samples.
4. Tell the students they will take a brief ﬁeld trip to a car to collect samples of exhaust, which they will analyze
using the BTB method.

Collecting Samples of Car Exhaust:
1. Organize the class into groups, then issue each group one twist-tie and one balloon. (Bring along several extra

balloons and twist-ties, in case you have breakage. All balloons for the car exhaust should be the same color. Also
bring the funnel, as well as an extra funnel, folder, scissors, and tape).

2. Tell the students to stay in groups to follow you outside. When you get to the car, they will line up, and one
group at a time will hand you their balloon for ﬁlling.

3. When you reach the car, tell the students that as soon as you ﬁll their balloons, they are to work together to tie
off the neck of the balloon tightly with the twist-tie. One student should hold the balloon closed, while the other
student twists the neck of the balloon to prevent gas escaping and puts on the twist-tie.
4. Collect each of the samples in turn. Collect two extra samples in case a group loses its sample. Return to
the classroom.

Conducting the Experiment:
1. When the students are settled into their groups, tell them that each group will be testing four gas samples.
List them on the board.
a. Car exhaust (Point out that the groups already have their car exhaust samples.)
b. Air from this room
c. Carbon dioxide from vinegar and baking soda
d. Human breath

2. To collect a sample of air from the room, use an air pump to blow up a second balloon (of a different color) to

approximately four inches in diameter. Groups can share the pump. Remind the students to work together in pairs
while doing the tests, and for everyone to take turns using the equipment.

3. As students do steps 2, 3, and 4 below, they should list the balloon color and gas samples on a separate sheet of
paper. Later this information can be transferred to their data sheets that are handed out in step 7.
Continued...
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4. Explain why there are ﬁve cups-relating that four of them are the four gas samples and one of them is
the control.

5. Make and collect pure carbon dioxide as follows:

a. Pour 3½ oz. (100 ml) of vinegar into a large bottle.
Measure four level tablespoons of baking soda into
a separate container, then add to vinegar. List these
amounts on the chalkboard.
b. The carbon dioxide will drive out all of the air in the bottle
in less than a second. Quickly stretch the neck of a balloon of a
different color over the opening to catch the escaping gas. The
balloon should inﬂate to about four inches in diameter.
c. Tightly tie off the neck of the balloon with a twist-tie.
Helpful hint: twist the balloon neck immediately after collecting the gas so no gas escapes before you get a chance
to tie it off.

6. Ask the class how they think they should collect the

human breath sample?
(Answer: By blowing up a balloon. Make sure it is a different color from the color chosen for the other gas samples.)

Some educators suggest a good
way to share class information at
the end of this activity would be
to prepare ﬁve clear cups, labeled
as: Control, Exhaust, Breath, Air,
CO2. After students have ﬁlled
in their data sheets, the teacher
could circulate around the class,
having students combine their
individual samples into the appropriate cup. The colors in the cups
would provide a color-based class
average of the results. The clear
cups would allow the colors to
be seen on an overhead projector
display as the class discusses the
results.

7. Tell the students that after they have collected all

four gas samples, they should make them the same size by adjusting each
balloon so it just passes through the hole in a large roll of tape.

8. Hand out the data sheets and summarize the
procedures.

9. Tell the students to record on their data
sheets which gas sample will be put into which
color balloon.
a. Pour 1/2 oz. (15 ml) of BTB into each of ﬁve small plastic
cups.
b. Insert a plastic straw into the balloon’s neck, and secure it
with a second twist-tie.

da

Baking So

c. With one person holding the straw in the cup, the other person carefully releases
pressure on the balloon’s neck by undoing the ﬁrst twist-tie, so all the gas slowly bubbles through
the BTB solution.

Continued...
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10. After they do each test, they should record the color of the BTB in the space at the bottom.
11. Tell the groups to keep the BTB solution in the cups until the end of the experiment, so they can compare

the colors. When they ﬁnish, they should ﬁll in the names of the four samples along the line on their data sheets,
from least to most carbon dioxide. Refer to the scale you have drawn on the chalkboard.

Helpful Hints During the Activity:
1. During the activity, educators should circulate among the groups to help as needed. Watch to see that no

baking soda gets into any of the BTB tests (since baking soda is a base, it will neutralize carbonic acid, and prevent
the BTB from changing to yellow/green). Also make sure students are viewing their BTB samples against the white
paper of the observation sheet before they determine the color.

2. Remind students to ﬁll in their results on the “color scale” on their

data sheet, which indicates the relative amounts of CO2 in the samples,
before they discard any of their BTB test solutions.

3. As the students ﬁnish, tell them to ﬁll in the ﬁnal section of the data
sheet, which asks them to express the ﬁndings in writing.
Discussing the Results:
1. When all groups have ﬁnished, have the class put their equipment
(except for the data sheets) on the trays, and put the trays aside.

More reﬁned analyses of car
exhausts show that these gases
contain a high proportion of CO2.
In addition, there are other gases,
including oxides of nitrogen
(NOx) that react with water to
form acids. These gases will contribute somewhat to the change
in color of BTB from blue to
yellow. Nitrous oxides are also
greenhouse gases.

2. Ask the class which gas sample had the highest carbon dioxide content.
Using the scale on the chalkboard, record the results. Fill in names of the other samples the same way. When
there are conﬂicting results, list each gas sample and write the number of groups that had each result.
3. Ask the students to look at the data from all the lab groups and to say what they think the data tell us about
the amount of carbon dioxide in equal volume samples of gas from these sources. (Most groups ﬁnd that the
order, from least to most carbon dioxide, is: air, human breath, auto exhaust, and almost pure carbon dioxide
from the baking soda and vinegar reaction.)

4. Ask the class if the results conﬁrmed their expectations or if they were surprised at the outcome.
5. Ask the students what additional information they would need to determine the relative amounts of carbon

dioxide contributed to the atmosphere by humans breathing, and by humans driving cars. (Answer: They would
need to know the number of humans versus the number of cars, how much time cars are driven on average, the
volume per minute of gas exhaled by humans and “exhausted” by cars.)

6. Ask the class to suggest which of the sources of carbon dioxide they have measured (car exhaust and human
breath) could be reduced. How might this be done?
Continued...
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7. Remind the students that some carbon dioxide is needed in the atmosphere, or Earth would freeze. The
problem is one of balance. Many researchers think too much carbon dioxide is being added to the atmosphere
from burning fossil fuels such as gasoline, natural gas, coal, and oil. These fuels are formed by the decay of plants
and animals that lived long ago. Each year people burn fossil fuels that required about 1 million years to form.
There is no quick way to recapture the carbon dioxide from the atmosphere and to replace those fuels. Scientists
who have measured the amount of carbon dioxide from different sources found carbon dioxide released by the
United States comes from the following sources:

Residential
Commercial
Industrial
Transportation

21.0%
17.7%
28.8%
32.4%

Emissions from electricity generators, which provide electricity to the end-use sectors listed above, are allocated
proportionately to the electricity consumed in each sector. Taken as a whole, electricity generator emissions count
for 39.4 percent of the total US energy-related carbon dioxide emissions.
The consumption of energy in the form of fossil fuel combustion is the largest single contributor to greenhouse
gas emissions in the United States and the world. The largest single source of emissions is, by far, motor gasoline,
which generated 1,143.7 million metric tons of carbon dioxide in 2003.
Source: Energy Information Administration/Emissions of Greenhouse Gases in the United States 2003,
ftp://ftp.eia.doe.gov/pub/oiaf/1605/cdrom/pdf/ggrpt/057303.pdf

8. Hand out the follow-up assignment, Carbon Dioxide In the Atmosphere: Who Contributes and How Much?
Discuss the bar graphs to make sure the students understand what they represent. For example, ask for a
volunteer to tell you:
» “What is the current population of China?”
» “What percentage of the world’s population lives in the United States?”
» “What percentage of the world’s carbon dioxide is produced by Russia?”
Ask the students to complete the worksheet and give them a due date.

ASSESSMENT
The completed data sheets (especially the conclusions) and the written answers to the follow-up assignment
worksheet can serve as assessments.

Needs Improvement—Data are incorrect on two or more gas samples; conclusions are vague or incorrect.
Satisfactory—Data correct on gas samples; most or all worksheet answers are correct; conclusions on both
worksheets are general and correct.

Excellent—Data correct on all gas samples; worksheet answers are correct; conclusions correct and described in
detail.
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EXTENSION
» Here are some questions for further investiga-

tion that have particular relevance to global
warming issues. Any or all of these questions
could be investigated by students, by collecting
a sample of gas in a balloon from each source,
adjusting the balloon to a standard size, and
testing it with BTB, as described in this session.

a. Do older cars produce a higher concentration
of carbon dioxide in their exhaust than newer
cars?
b. Do cars with pollution control equipment
produce less carbon dioxide than cars that do
not have such equipment?
c. Do diesel engines produce more or less carbon
dioxide than gasoline engines?
d. How do various types of internal combustion
engines differ in their carbon dioxide output:
2-stroke vs. 4-stroke; rotary vs. piston; 4 cylinder
vs. 6 cylinder; car vs. motorcycle
The reasoning used and conclusions reached in
the following activities could provide the basis
for an excellent discussion of the signiﬁcance of
these estimates when considering possible solutions.

» Have students use a plastic garbage bag to col-

MORE INFORMATION
Climate Change Education—An online resource center
dedicated to science education on climate change/
global warming. www.climatechangeeducation.org
Koshland Science Museum—Global Warming Facts and
Our Future
www.koshland-science-museum.org/
exhibitgcc/index.jsp
Energy Information Administration
www.eia.doe.gov/

CREDIT
“Sources of Carbon Dioxide in the Atmosphere”
reprinted from the Great Explorations in Math and Science (GEMS) teacher’s guide entitled Global Warming
and the Greenhouse Effect, copyright by The Regents
of the University of California, and used with permission. For more information, visit the Web site at:
www.lhsgems.org
Note to Teachers: This lesson and others relating to
National Geographic’s Strange Days on Planet Earth
can be found online at www.pbs.org/strangedays/

lect a volume of gas exhausted by a car in a certain time period. Have them record the time it
takes to ﬁll the bag with that volume, estimate
the volume of gas collected, and the amount
of time an average car would run each day.
From that data, the total estimated amount of
exhaust gas that a car generates in a year can
be calculated.

» Students could go on to estimate the volume of
human exhaust (breath) exhaled by one person
in a year. Ask them to ﬁgure out how they
might go about estimating this.

» Finally, students could compare their estimates

of the volume of exhaust contributed by a car in
one year to that contributed by one person in
one year.
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Student Name ________________

Student Handout: Four Gas Samples Observation Sheet
SOURCES OF CARBON DIOXIDE

Collect all four samples of gas before making any tests. Each sample should be sealed in a balloon with a twist-tie.
Make sure each balloon is a different color and each balloon is at least three inches wide. Record the colors of the
balloons and their contents on your data sheet. Test each of the samples for carbon dioxide as follows:

1. Do not touch the ﬁrst twist-tie yet. Tightly tie another twist-tie over the balloon’s neck and seal it around
one end of a drinking straw.

2. Slowly loosen the top twist-tie and adjust the size of the balloon by letting gas escape. It should just ﬁt
through a ring three inches wide.

3. Slowly release the gas that is left in the balloon into one of the cups of BTB. Work together to make it easier
to hold the balloon and the straw while controlling the bubbling of the gas.

CARBON DIOXIDE

Collected from a reaction
of 3 oz. vinegar with 4
tsp. baking soda

AIR

Collected from
an air pump

EXHAUST FROM
BURNING FUEL
Place each of the cups of
BTB solution, along with a
control (BTB only), in the
spaces below for comparison.
Record your observations on
the data sheet.

CONTROL

To learn more, visit us online at http://www.pbs.org/strangedays/

Collected from the
tail pipe of a car

HUMAN BREATH
Collected from a
student’s lungs
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Date ________________

Student Name ________________

Student Handout: Four Gas Samples—Data Sheet
SOURCES OF CARBON DIOXIDE

Balloon Color:

Balloon Color:

Balloon Color:

Balloon Color:

Gas Sample:

Gas Sample:

Gas Sample:

Gas Sample:

Color of BTB solution:

Color of BTB solution:

Color of BTB solution:

CONTROL

Color of BTB solution:

Color of BTB solution:

Write the name of the gas sample where the color of the BTB solution ﬁts on the color scale below.

CONTROL
Least
CO2

Most
CO2
blue

greenish blue

bluish green

green

yellowish green

greenish yellow

yellow

What can you conclude about the carbon dioxide in automobile exhaust and the carbon dioxide in human exhalation?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Name ________________

Student Handout: Carbon Dioxide In the Atmosphere—
Who Contributes and How Much?
SOURCES OF CARBON DIOXIDE

The top graph on the next page shows how much carbon dioxide different countries of the world contribute to
the atmosphere each year. The amount is given in millions of tons of carbon contained in the carbon dioxide, and
in percentage of the total carbon dioxide produced worldwide. The bottom graph shows how many people live in
each country and what percentage they are of the world population.

A. Which country produces most of the world’s carbon dioxide? _______________________
B. What percentage of the world’s population lives in that country? ____________________
C. Which other countries with low populations produce a lot of carbon dioxide?______________________________
D. Why do you think these countries produce so much carbon dioxide?
E. To ﬁnd the average amount of carbon (as carbon dioxide) that each person in each country adds to the

atmosphere, divide the number of millions of tons of carbon by the number of millions of people in each country.
Complete the table.
United States......................... 5,700 ÷ 288
China ......................................
Russia.....................................
Japan......................................
India.......................................
Germany................................
Canada...................................
United Kingdom....................
South Korea...........................
Italy.........................................
Australia.................................
France.....................................
All Other Countries................

=
=
=
=
=
=
=
=
=
=
=
=
=

19.8
tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person
_______ tons/person

F. Which country produces the least carbon dioxide per person? Why do you think it produces so little carbon
dioxide per person?

G. What do you think are the differences in how people live in countries that produce little carbon dioxide
compared with countries that produce a lot of carbon dioxide?

H. In what ways do you think the people who produce a lot of carbon dioxide can reduce the amount they
add to the atmosphere?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Name ________________

Student Handout: Carbon Dioxide In the Atmosphere—
Who Contributes and How Much?
SOURCES OF CARBON DIOXIDE
Carbon dioxide added to the atmosphere from energy consumption in 2002
24,530 million tons
5,700

United States 23%
China 13%
Russia 6%
Japan 5%
India 4%
Germany 3%
Canada 2%
United Kingdom 2%
South Korea 2%
Italy 2%
Australia 2%
France 2%
All Other Countries 35%

3,300
1,500
1,200
1,000
800
600
600
500
400
400
400

(Percentage total exceeds
100% due to rounding)
Source: Energy Information
Administration, Annual Energy
Review 2003
www.eia.doe.gov/emeu/aer/
pdf/pages/sec11_38.pdf
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0

3000

6000

9000

Millions of tons of CO2

World population in 2002
6,227 million
United States
China
Russia
Japan
India
Germany
Canada
United Kingdom
South Korea
Italy
Australia
France
All Other Countries

4%
288
21%
2%
145
2%
127
17%
1%
82
1% 32
1% 60
1% 48
1% 58
>1% 20
1% 60
49%

0

(Percentage total exceeds
100% due to rounding)
Source: US Census Bureau
International Data Base 2004
www.census.gov/ipc/www/
world.html
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1,034
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The Carbon Dioxide Game
IDEAS FOR THE
INFORMAL SETTING
» This activity may be

short enough to conduct
with drop-in audiences.

OVERVIEW

A fun, active, outdoor game for helping students visualize how human
activities amplify the natural greenhouse effect.

OBJECTIVES

Students will:

» Demonstrate the greenhouse effect by showing how CO2 in the
atmosphere holds heat and insulates Earth.

» Show how human activities affect the concentration of greenhouse
gases in the atmosphere.

SUBJECTS

Science, Physical Education

VOCABULARY

abiotic, greenhouse effect

TIME

20 minutes

MATERIALS
» An open area
» Chalk
» 1 bucket
» Yellow 3x5 cards labeled “LIGHT,” (can be labeled by the students)
(one per student)

» Red 3x5 cards labeled “HEAT,” (can be labeled by the students) (one
per student)

» A small bag with the words “What do humans do?” written on it.
» Action cards representing human actions that affect CO2 levels in
the atmosphere. (See Action Cards below. Feel free to add your
own).
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NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):

» Unifying Concepts and Processes—Systems, order, and organization
» Unifying Concepts and Processes—Constancy, change, and measurement
» Standard B: Physical Science—Transfer of energy
» Standard D: Earth and Space Science—Structure of the earth system
» Standard E: Science and Technology—Understandings about science and technology
» Standard F: Science in Personal and Social Perspectives—Science and technology in society
BACKGROUND
Climate is one of the most inﬂuential abiotic factors on our planet. Nevertheless, studying climate and climate
change presents unique challenges to educators. For example, how to bring the vast and multifaceted concept of
climate change down to a level where students can explore it in a hands-on interactive way and how to address
the role that humans play in climate change. By the time they reach middle school, most students have heard of
global warming and the greenhouse effect. They have some idea that rising global temperatures are attributed to
human activities that have signiﬁcantly increased the levels of heat-trapping gases in the atmosphere.
It is important that students also understand that the greenhouse effect is an important natural phenomenon
that keeps the planet at a relatively uniform temperature. Incoming solar energy from the sun passes through our
atmosphere as short wave radiation where some of it warms Earth’s surface. Part of this solar energy radiates off
Earth’s surface as long wave radiation and heat that is held by heat-trapping gases in the atmosphere.
These gases, which include carbon dioxide, methane, water vapor and others, create an atmospheric layer that
insulates the planet and maintains a surface temperature that allows life to ﬂourish. Without this greenhouse
effect, Earth would be a cold and inhospitable place-a nippy minus 20˚C (-4˚F).
Human activities such as deforestation and burning fossil fuels however release stored carbon dioxide and
other greenhouse gases into the atmosphere. As these gases accumulate, they contribute to the creation of a
thicker blanket, resulting in a gradual increase in Earth’s temperature. This important natural process becomes
problematic when there is an abnormally rapid increase in heat-trapping gases in the atmosphere. When
greenhouse gases accumulate too rapidly in the atmosphere, and the climate warms dramatically over a short
amount of time, some life will not be able to adapt to the swift changes.
The Carbon Dioxide Game is a fun, active way to explain the greenhouse effect and the human contribution to
global climate change. The game can be played with groups of up to 30 students, ages 10 and older.

BEFORE YOU BEGIN
1. Select an open, outdoor area in which to play the game.

Continued...
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2. Draw two concentric circles on the ground, 1.5 meters (5 feet) in diameter, and a larger one about 6 meters (20
feet) in diameter. The smaller circle represents Earth and the larger one represents Earth’s atmosphere.

3. Select two students to be CO2 molecules.
4. Have the other students (representing the sunbeams) each take a yellow 3x5 card and label it LIGHT and take
a red 3x5 card and label it HEAT.

5. Place the red cards labeled HEAT into the bucket and put the bucket into the inner circle of Earth.
6. Cut apart the action cards provided and add any of your own. Divide the cards into those that add and

those that remove carbon dioxide molecules. Put only the cards that add molecules into the bag labeled “What
do humans do?”

WHAT TO DO
The object of the game is for the sunbeams to
enter the atmosphere (carrying their yellow cards
labeled LIGHT over their heads), tag Earth (by
touching the inner circle with a foot or hand and
exchanging their yellow for a red card labeled
HEAT). Then they must try to escape the atmosphere, holding their red cards, without being
tagged by a CO2 molecule. Heat cardholder
sunbeams, who are tagged, must stand still in the
atmosphere, representing that their heat is being
held in the atmosphere. Those who avoid being
tagged bounce back out of the atmosphere into
space.
The game is played in several rounds. Each round
lasts approximately 30 seconds and during that time the sunbeams try to tag Earth only once. This simulation recreates the greenhouse effect: energy from the sun reaches Earth as short wavelength (LIGHT) and then radiates
back into space at a longer wavelength (HEAT). CO2 and other gases and particles in the atmosphere hold some
of the radiating heat energy.

1. For Round 1, choose two students to be CO2 molecules, and place them anywhere in Earth’s “atmosphere.”

Once the student “molecules” are in the atmosphere, they cannot move their feet. The rest of the students are
sunbeams representing light energy from the sun. (The bag is not used for this round.)

2. After the ﬁrst round, have the escaped sunbeam students—those with red cards labeled HEAT, line up to
review how many sunbeams (how much long—wave heat energy) have been trapped. Discuss how this may affect
the temperature of the planet. Remind students that a certain amount of CO2 is necessary to keep the planet
Continued...
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consistently warm enough to support life. During the ﬁrst round, most of the heat energy will have escaped the
atmosphere because CO2 levels are low. Before continuing the game, clear all the trapped sunbeams out of the
atmosphere (have them put their red cards back in the bucket) but keep the two CO2 molecule students in the
outer circle.

3. For Round 2, increase the number of CO2 molecules in the atmosphere. Do this by reaching into the “What

do humans do?” bag and pulling out an action card. For this round, include only cards that add CO2 to the
atmosphere. After a student reads the card, increase the number of CO2 molecules in the game (dictated by card)
and play again. As before, the CO2 molecules stand in place in the atmosphere while the sunbeams rush in.

4. For the third and subsequent rounds, put all of the action cards in the bag. CO2 levels will now rise and fall

depending on which card is drawn. Discuss what happens each time. The game should demonstrate that when
you increase the amount of CO2, more heat is held-as illustrated by the tagged sunbeams holding HEAT cards
standing in the atmosphere-and Earth warms up. The action cards demonstrate how even small-scale actions
affect the amount of greenhouse gas that we emit into the atmosphere.
(Note: It is important to clarify that this is a simpliﬁed simulation and that such actions as using energy efﬁcient
technology or alternative forms of transportation do not actually remove carbon dioxide from the atmosphere.
Rather, they contribute less than do their more commonly used counterparts. Eliminating actions that normally
add greenhouse gases also stems the increase but does not reduce existing gases. Some actions, such as planting
trees, can indeed reduce carbon dioxide emissions.)

5. Review how heat energy from the sun is held in Earth’s atmosphere. Discuss how human actions, particularly
burning fossil fuels, can amplify the greenhouse effect by putting more CO2 into the atmosphere. The game can
be a springboard into a variety of other explorations such as researching alternative energy sources, discussing
sustainable lifestyles, and examining the different choices humans can make in relation to the environment.

ASSESSMENT
Ask students to draw a diagram illustrating the greenhouse effect. Illustrate or list actions that inﬂuence
carbon dioxide emissions into the atmosphere both
positively and negatively.

Needs Improvement—Diagram is incorrect.

Student identiﬁes one or no actions that inﬂuence
carbon dioxide emissions.

Satisfactory—Diagram generally reﬂects the

process of greenhouse gases holding heat and warming the atmosphere. Student identiﬁes at least two
actions that contribute to increasing and reducing
greenhouse gases.

Excellent—Diagram reﬂects in detail how green-

house gases hold heat and warm the atmosphere.
Student identiﬁes three or more actions that affect
greenhouse gases emissions and those actions reﬂect
both increases and reductions.
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EXTENSION
» Visit one or more of the Web sites listed in

the MORE INFORMATION section and investigate
ways to reduce carbon dioxide emissions.

» Design and implement a campaign to reduce the
group’s contributions to global warming. Consider extending the campaign to the school or
community.

MORE INFORMATION
Travel Matters includes an emissions calculator to
determine greenhouse gas contributions as a result of
daily transportation practices.
www.travelmatters.org/education/youth

CREDIT
This activity was created by educator Sashi Kaufman
while working at the Ferry Beach Ecology School in
Saco, Maine. It has been revised by the Sea Studios
Foundation.
Adapted with permission from Green Teacher #70,
Spring 2003. Green Teacher, P.O. Box 452, Niagara
Falls, NY 14304, (888) 804-1486.
www.greenteacher.com.
PHOTO CREDIT: Eric Hermann
Note to Teachers: This lesson and others relating to
National Geographic’s Strange Days on Planet Earth
can be found online at www.pbs.org/strangedays/

10% Challenge includes a pledge program to reduce
greenhouse gases by 10%, emissions calculator, and
suggestions for reducing greenhouse gas contributions. www.10percentchallenge.org/
Safe Climate.Net, a project of the World Resources
Institute, includes a carbon dioxide footprint calculator. www.safeclimate.net/calculator/
Climate Change Education includes links and
information for youth, teens, and teachers.
www.climatechangeeducation.org
Marian Koshland Science Museum of the National
Academy of Science is an interactive site with information on the greenhouse effect and global warming.
www.koshland-science-museum.org
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THE ONE DEGREE FACTOR
Humans drive cars.

Humans ride bikes.

Humans use air conditioners.

Humans plant trees.

Every gallon of gas puts 18.8 pounds of CO2
into the atmosphere. In 1908 Ford built the
Model T car. Between 1908 and 1928, 15 million were sold. Today, an estimated 500 million
cars are in use worldwide.
(Add three CO2 molecules)

Air conditioners burn hydrocarbons that result
in the emission of CO2 to the atmosphere.
(Add one CO2 molecule)

Humans cut down forests.

Trees remove CO2 from the atmosphere during
photosynthesis. Fewer trees mean more CO2.
(Add two CO2 molecules)

Humans are driving SUVs in
increasing numbers.

Sports Utility Vehicles generally get lower gas
mileage than other personal transportation
vehicles. Lower gas mileage means more CO2.
(Add two CO2molecules)

Humans burn trash.

Burning waste puts CO2 into the atmosphere
along with other pollutants.
(Add two CO2 molecules)

Riding a bike is the most energy efﬁcient
form of transportation, and it is fun!
(Remove two CO2 molecules)

Trees remove CO2 from the atmosphere
during the process of photosynthesis. More
trees means less atmospheric CO2.
(Remove three CO2 molecules)

Humans replace their
incandescent light bulbs with
compact ﬂuorescent bulbs.
Compact ﬂuorescent bulbs emit less carbon
dioxide than incandescent bulbs.
(Remove two CO2 molecules)

Humans buy Energy Star
appliances.

Newer, energy-saving appliances reduce
energy use and emit less carbon dioxide.
(Remove two CO2 molecules)

Humans recycle.

Recycling saves energy and resources, reducing our use of fossil fuels.
(Remove two CO2 molecules)

To learn more, visit us online at http://www.pbs.org/strangedays/
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Car Quest
IDEAS FOR THE
INFORMAL SETTING
» Assess the auto ﬂeet

on site and encourage
teachers to conduct
the Web Quests (Step
6) as post-trip follow-up.

» Combine surveys from

OVERVIEW

Assess the environmental impacts of a ﬂeet of cars and then research and
prepare a report about greener transportation choices.

OBJECTIVES

Students will:

» Learn that different types of cars emit different amounts of greenhouse gas and car choice has a signiﬁcant impact on the environment.

» Recognize that greener choices do exist when it comes to what you
choose to drive.

various classes to
create a broader community assessment.

SUBJECTS

Science, Social Studies, Mathematics

VOCABULARY

airborne pollutant, climate change, consumer, emissions, fuel-efﬁcient,
global warming, greenhouse gas or heat-trapping gas, trade-off

TIME

Four sessions and time for Web research

MATERIALS
» Copies of the handouts: Vehicle Fleet Environmental Impact
Summary chart and Web Quest Group Tasks

» Computers with Internet access
NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science
Education Standards (Grades 5-8):

» Unifying Concepts and Processes—Form and function
» Standard A: Science as Inquiry—Abilities necessary to do scientiﬁc
inquiry

» Standard A: Science as Inquiry—Understandings about scientiﬁc
Continued...

inquiry
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» Standard E: Science and Technology—Abilities of technological design

» Standard E: Science and Technology—Understandings about science and technology
» Content F: Science in Personal and Social Perspectives—Science and technology in society
BACKGROUND
According to many scientists who study the effects of consumer actions on the environment, no purchase we
make has a bigger effect than our choice of car. After all, our choices about which car we drive can mean
the difference of thousands of pounds of carbon dioxide released into the atmosphere-a signiﬁcant amount of
airborne pollutants-and the amount of strain we place on nonrenewable resources. These, in turn, inﬂuence
global climate change, air quality, and resource availability.
Unfortunately, there are no cars available today that are perfectly clean. Although we might be able to walk,
bike, or use public transportation to get around, most of us rely on cars for at least some of our transportation
needs. And many people simply enjoy driving. Regardless of whether they are old enough to drive, most of
your students are probably thinking about the kinds of cars they would like to have-weighing different factors
such as speed, looks, cost, comfort, and safety. But how many of your students also weigh environmental factors
when they think about their dream cars? How many are even aware of the effects that different kinds of cars
can have on the environment?
In this activity, your students will determine the environmental effects of cars-real cars in a parking lot, a ﬂeet
consisting of all of their dream cars, or a ﬂeet of your choosing. They will compute how many tons of heattrapping gases are produced each year, how much it costs to fuel the cars, and so on. Then they will research and
prepare reports on “greener” transportation alternatives.

BEFORE YOU BEGIN
1. Familiarize yourself with the Web sites recommended for student research (see Step 4 under WHAT TO DO and

the Web Quest Group Task cards). Decide what ﬂeet of cars you would like students to evaluate— the cars parked
outside in the parking lot, a ﬂeet of the students’ own dream cars, or a ﬂeet of your own creation (see “Choosing
the Fleet” below).

2. Make enough copies of the Vehicle Fleet Environmental Impact Summary chart for each pair of students and
create a large version that can be ﬁlled in by the entire class (see Step 5 under WHAT TO DO).

3. Make one copy of the Web Quest Group Tasks cards and cut out each of the cards so that you can distribute
one task topic to each of four student groups.

Choosing the Fleet
This activity is written to evaluate the ﬂeet of cars in your institution’s parking lot. But you should feel free to
adapt it so that students evaluate their dream car ﬂeet or a ﬂeet you have made up. If you have students evaluate their dream car ﬂeet, you may not see as much variety in the cars they evaluate, and it will be less of a handson experience, but they may be more interested in their research. If the students evaluate a ﬂeet you have come
Continued...
Car Quest 64

The One Degree Factor
Before You Begin, continued...
up with, they will have less of a hands-on experience, but you will be able to be very clear and speciﬁc about
years, models, and so on — considerations that may not be obvious when students look at cars ﬁrsthand.

WHAT TO DO
1. Discuss “dream cars.” Ask the students if they have ever thought about what kind of car they would most

like to own. What cars do they have in mind? Has anyone considered a lifestyle without a car? What factors
have inﬂuenced their choices? Has anybody considered environmental factors when selecting a dream car? Why
or why not?
(Note: If students do not have any ideas, you might give them a few minutes to browse some major carmakers’
Web sites. Also, if any students in your group hope never to own a car, suggest that they might someday need to
rent a car for a special trip or other purpose. Those students can also browse the Web brieﬂy for ideas about the
kind of car they would want in the short term.)
Explain to the students that this activity will enable them to learn more about the environmental effects of the
cars that people drive.

2. Organize the group for a ﬂeet survey. Tell the students that they will be going outside and taking an inven-

tory of the cars parked in the lot. Divide the students into teams of two, and give each team a copy of the Vehicle
Fleet Environmental Impact Summary. Explain that you will be assigning each team a different section of the
lot, and they will record the make (for example, Honda), model (for example, Accord), type (sedan, SUV, small
pick-up, sports car, and so on), and, if possible, year of the vehicles in their section. In other words, they will be
ﬁlling in only the ﬁrst three columns of their chart for now, keeping a tally in column one of the total number
of vehicles of each type they ﬁnd (see Sample Vehicle Fleet Environmental Impact Summary). Later they will be
researching the information for the ﬁnal columns.
(Note: If the students cannot tell the year of a vehicle by looking at it, they should either make an estimate
or put the current year.)
Before you head outside, review some basic parking lot safety tips. Tell the students to be attentive to the
movement of cars in and out of spaces and to assume that drivers probably do not see them unless the drivers
indicate otherwise. Explain that most drivers will not expect to ﬁnd students walking in and around the cars.
Assign two students the task of warning people going out to their cars and two students warning people at the
entrance of the parking area that there are students carrying out research in the lot.

3. Begin the ﬂeet survey. Head outside and gather your group around as you assign their study areas. Divide the
parking lot into as many equal areas as needed so that each team of two students is responsible for surveying
approximately the same number of cars. Then have students ﬁll in the ﬁrst three columns of their chart.

4. Investigate the ﬂeet’s environmental effects. Once back inside, have the students use the Internet to investigate the environmental effects of the vehicles in their section of the parking lot and complete the data in the
remaining columns of their chart. Tell the students that as they visit the Web sites that have this data, they may
need more information about the vehicles in their area than they actually know. Tell them that if they do not
know whether the car they saw was an automatic or manual transmission, they should use data for an automatic.
Continued...
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If they do not know what type of engine it had, they
should use the smallest size (usually V-4 or V-6).
Environmental information (particularly regarding mileage, annual fuel costs, and greenhouse gas
emissions) for most cars can be found at the Department of Energy’s Web site on fuel economy (www.
fueleconomy.gov). Greenhouse gases emitted are
listed in tons per year, assuming that the average car
is driven 15,000 miles per year. (If your students are
not familiar with the term “greenhouse gas,” use the
information in Change Is in the Air to lead a short
discussion, making sure that students understand the
connections between greenhouse gases and global
warming. You might explain to them that, while the
Department of Energy Web site uses the term “greenhouse gas,” the students may also see the gas referred
to as “heat-trapping gas” in other publications.)
Airborne pollutants are listed with a rating system and
may have several scores, so students should determine
an approximate average.
Safety information is available from the National
Highway Trafﬁc Safety Administration’s “Buying a
Safer Car” Web site (www.nhtsa.dot.gov/NCAP).
This information assigns stars in various categories, so
students should determine an approximate average
for their vehicles.

5. Interpret the ﬂeet data. After each team has
completed its “Vehicle Fleet Environmental Impact
Summary,” have the teams pool their data onto a
single large chart. Invite the ﬁrst team to enter its
data, using tally marks instead of numerals in Column
1. Then, as other teams add their data, they can
simply add another tally mark beside any vehicle that
they also researched. Once all the data have been
recorded, have the students determine the total
number of cars and overall averages for each column.
Ask the students to review the chart and share any
observations or interpretations they have made. If the
students do not address them on their own, you might
ask the following questions:

» Which cars have the highest and lowest safety
ratings?

CHANGE IS IN THE AIR
Global climate change is an environmental issue that has generated
international attention from the media, governments, scientists,
and others. Many believe that, partly because of human activities
(especially the burning of fossil fuels), Earth’s climate is changing.
And many individuals have been left wondering what role they play
in the problem and the solutions. The following is a quick overview
to help put the issue into perspective.
Carbon dioxide is a gas that occurs naturally in Earth’s atmosphere.
Its heat-trapping properties help keep the planet warm enough to
sustain life. The problem is that the amount of carbon dioxide in the
atmosphere is increasing dramatically because of human activities.
Emissions of carbon dioxide and other gases from the burning of
fossil fuels-coal, oil, and gas-build up in the atmosphere and blanket
Earth, trapping heat and causing global warming.1 Ever since the
Industrial Revolution began in the second half of the eighteenth
century,2 levels of carbon dioxide have been rising. That is because
the gas is a by-product of burning fossil fuels, which have been
burned in increasing amounts since the Industrial Revolution began.
Fossil fuels have become our main source of energy-powering our
factories, food production, forms of transportation, and most of our
electricity-generating plants.3
As levels of carbon dioxide have increased, the atmosphere has
gotten warmer. Scientists are now monitoring the environmental
damage already being caused by global warming and gauging its
future impact on life on Earth. Coral reefs and arctic species such
as polar bears are already suffering the effects of global warming.
Scientists agree that sea levels will rise as glaciers and arctic ice
continue to melt and that there will be extreme changes in weather
patterns. They predict that crucial habitats will rapidly be altered
or disappear, leaving species little time to adapt to the changing
temperatures and landscape, which could cause some species to die
out.4
Scientists think that individuals can help reduce levels of carbon
dioxide in the atmosphere by shifting their consumer habits. Buying
products that are energy-efﬁcient and locally produced or that are
not heavily processed and packaged can help reduce the energy
needed to produce, transport, and use the products. Buying fewer
products and driving less, whenever we have a choice, can also help.
But individual efforts need to be coupled with concerted efforts
by governments and businesses around the world to signiﬁcantly
reduce emissions of carbon dioxide.
1 WWF. 2004. “What Is Global Warming?” www.panda.org/
about_wwf/what_we_do/climate_change/problems/index.cfm
2 The History Guide. “The Origins of the Industrial Revolution in
England.” www.historyguide.org/intellect/lecture17a.html
3 Energy Information Administration. 2004. “Energy Kids Page,
www.eia.doe.gov/kids/
4 WWF. 2004. “Climate Change.”
www.worldwildlife.org/climate.
See also WWF. 2004. “Corals.”
www.worldwildlife.org/coral/index.cfm
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Sample Vehicle Fleet Environmental Impact Summary
# of
Cars
in Lot

Make/
Model/Year

|||

||

|

|||

Total
9

Type

mpg
City
/Hwy

Average
Safety
Rating

2003 Honda
Accord

S edan

24/33

5

6.9

6

$1028

2002
Nissan Xterra

SUV

19/24

4

9.1

4

$1371

2004
Toyota Prius

EPA
Airborne
Pollutants
Score

Annual
Fuel Cost

(hybrid)
Sedan

59/51

5

3.5

9

$524

SUV

15/20

5

11

7

$1693

4.75

7.7

6.5

$1154

2004
Ford Explorer

--

Greenhouse
Gases
in Tons/Year

Averages: 29.5/32

Source: Department of Energy’s Web site on fuel economy, www.fueleconomy.gov. Average fuel cost
based on 45% highway driving, 55% city driving, 15000 annual miles and an average per-gallon fuel
price determined by the Environmental Protection Agency for the type of fuel used by the vehicle.

» Are the more fuel-efﬁcient cars any more or less safe than the cars with less fuel efﬁciency?
» How important do you think the car’s safety rating is in weighing the pros and cons of different car choices?
Would different individuals be likely to value safety differently? (Encourage the students to think about different user groups such as parents, people who use their car for long commutes, and so on.)

» Which types of vehicles have the greatest environmental impacts?
» What are some of the trade-offs a buyer has to weigh when deciding which car to buy (for example, fuel
cost, safety, and emissions)?

» Does this kind of research help consumers make more informed decisions? Do the students think that in the
future they will do this much research to ﬁnd out about a car they intend to buy? Other products?

Continued...
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» Did this research affect anyone’s thoughts about their dream cars? How? Encourage the students to calculate the environmental impacts of their dream cars. Do they seem like good or bad choices from an environmental standpoint?
The students might note that few consumers have the time to thoroughly research each purchase they make. But
by knowing where to look for information and gathering as much data as possible, consumers can make better
and more informed decisions. For products as expensive and with as large an environmental effect as a car, it is
important to gather as much information as possible before making a decision.
You may also want to have students run through some calculations to compare the environmental effects of different ﬂeets. For example, have the students calculate the total annual amount of greenhouse gas emissions and
consumption of nonrenewable fuel for the entire parking lot ﬂeet, assuming each parking lot vehicle is driven
15,000 miles per year. Does this number seem high? Is it hard to visualize? Now have them make the same calculation assuming an entire ﬂeet of very fuel-efﬁcient cars, and again for an entire ﬂeet of their dream cars. How
do the numbers compare? Do the students start to see how the collective effects of our car choices can really add
up?

6. Conduct Web quests. Now that the students have sharpened their skills as car shoppers, tell them that they

will have a chance to investigate some of the options they might have for purchasing “cleaner” cars when they
are ready to hit the dealers’ lots. And, if the students are given hand-me-down cars and do not get the chance to
shop for one, they will learn about some ways that they can improve that car’s fuel efﬁciency. Finally, for those
students who are more interested in other modes of transportation, they will get the chance to investigate what
other ways of getting around are available in your community.
Divide the students into four groups and have each group conduct a Web quest to answer a different question.
(You can either let the students divide themselves according to the topics that most interest them, or you can
randomly assign students to groups.) Each group will focus on one of the following topics:
a. Hybrid Cars: What are hybrid cars? How do they work? Why are they so fuel-efﬁcient? Are they available
for purchase in your community?
b. Alternative Fuels: What are “alternative” fuels? What materials are used as alternative fuels?
c. Increasing Fuel Efﬁciency: How can people increase the fuel efﬁciency of the cars they already own?
How much savings (in tons of greenhouse gases emitted as well as in dollars) could one person get from
making these changes?
d. Non-Car Transportation: What are some of the non-car transportation options in your community? Do
they use less fuel per person than cars?
Give each group the appropriate sheet from the Web Quest Group Tasks pages. Students can write answers
to their group questions, create a poster that contains both written answers to their questions and visual aids
such as pictures and diagrams, or prepare a PowerPoint presentation that summarizes their results. If some of
the groups choose to develop a PowerPoint, the presentation should include four or ﬁve slides that address the
group questions. No matter which format the groups choose, they should all cite the Web sites or other resources
that they consulted.

Continued...
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7. Discuss ﬁndings. After each group has presented its ﬁndings, discuss the pros and cons of that particular
approach to reducing greenhouse gas and other pollutant emissions. How effective is it? How expensive is it?
How feasible is it? Does it seem like a reasonable option for most people?
In conclusion, ask students to recall their dream car. Has this activity changed their priorities with regard to cars
and other transportation options? Do they think they will consider a car’s environmental impact if they go car
shopping? Will they think about making other choices to get around? If so, in what kinds of situations will they
choose other options? Will some students try not to own a car in the future? Why or why not?

ASSESSMENT
Remind the students that, at the start of the lesson,
they had to think of their dream car. Have them write
down that type of car. Below this, have them answer
the following questions:
» Would you still want this type of car? Why or
why not?

» What are the environmental beneﬁts or problems with your dream car?

» What might be a different car that would give
you the same beneﬁts of your dream car but
would be a better choice environmentally?
How do you know?

Needs Improvement—One or more elements

from the assignment are missing. The student fails to
incorporate evidence from the class activities to support his or her position. Arguments are not presented
logically or rationally.

Satisfactory—The student is able to logically pres-

ent why he or she would or would not want the same
vehicle now. Using information from class, beneﬁts or
problems with the student’s dream car are identiﬁed.
A rational alternative is presented and supported with
solid argumentation.

Excellent—The student presents convincing argu-

ments why he or she would or would not want the
same vehicle. Beneﬁts or problems are backed up with
data and sources that were identiﬁed and used in the
class. The student’s rationale reveals critical reﬂection.

EXTENSION
» Develop and carry out a plan to help educate

the drivers of the parking lot vehicles about
reducing the environmental effects of their cars.

» Research the availability of “green” cars (including hybrids) at car dealerships in your community. How many green cars have been purchased
since the cars have become available? When,
if at all, do dealers expect to have those cars
available in the future if they do not have them
now?

» While most forms of public transportation are

more efﬁcient than having each passenger drive
a car, many buses and other public transportation vehicles are responsible for large amounts
of pollution and fuel use. But more environmentally friendly mass transportation alternatives
are available, and growing numbers of cities
are beginning to turn to “clean” buses, light
rail, and other greener options in public transportation. Challenge students to compare the
environmental effects of the use of school buses
to carpooling in personal vehicles. Also have
students research the next generation of public
transportation options.

» Research and report on connections between

greenhouse gas emissions and global warming
and the signiﬁcance of global climate change.
Discuss or debate the degree to which global
warming should inﬂuence one’s choice of car.
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MORE INFORMATION
The Department of Energy provides information on gas mileage, greenhouse gas emissions, air pollution ratings,
and safety information for new and used cars and trucks. www.fueleconomy.gov
The National Highway Trafﬁc Safety Administration’s “Buying a Safer Car” supplies consumers with safety information, including frontal and side crash test results, to aid them in their vehicle purchase decisions. www.nhtsa.
dot.gov/NCAP
Consumer Reports provides expert advice and information that guides consumers to the best new and used
vehicles on the market. www.consumerreports.org
The Environmental Defense Fund’s “Tailpipe Tally” is a simple interactive tool that calculates fuel consumption,
fuel cost, and vehicle emissions for any vehicle built from 1978 to the present.
www.environmentaldefense.org/tool_pop.cfm?tool=tailpipe
The National 4-H Council’s Going Places, Making Choices is a curriculum produced for high school students,
focusing on the history of transportation, natural resources, land use and energy use, climate change, and
community action. www.4hgpmc.com
The Public Transportation Partnership for Tomorrow provides information on who uses public transportation,
who provides it, and what the beneﬁts of public transportation are. It also reports on various transportation
issues and links to local public transportation information by state. www.publictransportation.org
The American Public Transportation Association provides statistics and online documents about energy consumption, environmental beneﬁts, history, and various other public transportation-related issues. www.apta.com

CREDIT
Activity adapted from Smart Consumers — An Educator’s Guide to Exploring Consumer Issues and the Environment, 2004, a resource of World Wildlife Fund’s Windows on the Wild biodiversity education program. For more
information on WOW please visit www.worldwildlife.org/windows.
Note to Teachers: This lesson and others relating to National Geographic’s Strange Days on Planet Earth can be
found online at www.pbs.org/strangedays/
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The One Degree Factor
Student Name ________________

Student Handout: Vehicle Fleet Environmental Impact Summary
THE ONE DEGREE FACTOR
Number of
Cars in Lot
(Tally)

Total

Make,
Model,
Year

Type

Average

Miles per
Gallon
City and
Highway

Average
Safety
Rating

/

To learn more, visit us online at http://www.pbs.org/strangedays/

Greenhouse
EPA
Airborne
Gases in
Pollutants
Tons
Score
per Year

Annual
Fuel Cost

$
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Student Handout: Web Quest Group Tasks

Student Name ________________

THE ONE DEGREE FACTOR

Hybrid Cars

What is all the hype about hybrids? It is your job to
ﬁnd out. Search the Web to answer to the following
questions.

What is a hybrid car?
How does it work?
Why are hybrids more fuel-efﬁcient than
conventional cars?
What are some types of hybrid cars that
are available today? What are some that are
still in the planning stages?
Are any hybrid models available for purchase in your community?

Alternative Fuels

You may listen to alternative music, but do you use
alternative fuels? What are they, anyway? Your group
is going to ﬁnd out by taking on a Web quest to
answer these questions:

What are alternative fuels?
What are some materials being used in
alternative fuels?
What are the beneﬁts of alternative fuels?
What are some of the barriers to using
alternative fuels?
Here are some tips that might help you on your quest:
» The government is taking a lot of interest in alterna-

Here are some tips that might help you on your quest:
» “How Stuff Works” provides an overview of hybrid
cars. www.howstuffworks.com/hybrid-car.htm
» The U.S. government is also getting on board with
hybrids. The Ofﬁce of Transportation Technologies has
a Web site on hybrids (also called hybrid electric vehicles, or HEVs). www.ott.doe.gov/hev
» Honda (www.hondacars.com), Toyota
(www.toyota.com) and Ford (www.ford.com) are
the three major automakers that currently have hybrid
cars for sale in the United States. In addition, General
Motors (www.gm.com) and others are developing
hybrids, some of which are hitting markets now or in
the near future.

tive fuels and has a Web site focused on this new
technology. www.eere.energy.gov/cleancities/afdc
» The Environmental Protection Agency (the government division that helps create and enforce environmental regulations) has collected information about
alternative fuels. www.epa.gov/otaq/consumer/
fuels/altfuels/altfuels.htm
» The Rocky Mountain Institute studies energy issues
and educates the public about the best ways to conserve energy. Their Web site includes information
about alternative fuels. www.rmi.org/sitepages/
pid577.php
» The Union of Concerned Scientists provides information on biodiesel and natural gas. See FAQs
under www.ucsusa.org/clean_vehicles/
trucks_and_buses.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Web Quest Group Tasks

Student Name ________________

THE ONE DEGREE FACTOR

Improving Fuel Efﬁciency
There are a lot of advanced technologies available
that are making new cars more fuel-efﬁcient. But
what if you cannot afford a new car? Can you teach
an old dog new tricks? Go on a Web quest to answer
these questions:

What things can people do to increase the
fuel efﬁciency of the cars they already
own?

Here are some tips that might help you on your quest:
» The U.S. government provides information about
how to improve a car’s fuel efﬁciency.
www.fueleconomy.gov/feg/drive.shtml and
www.epa.gov/otaq/consumer/17-tips.pdf
» More tips (from Britain) on improving fuel efﬁciency
can be found at
www.whatprice.co.uk/tips/fuel-efficiency.html.

Would it be expensive to make the changes?
How much savings (in greenhouse gas emissions and in dollars) could one person get
from making those changes?

Alternatives to Cars

So, what if you would rather just say “no thanks” to
cars? Or what if you live in a place where it is easier
not to drive? In this Web quest, you will ﬁnd out more
about other ways of getting around and how to use
those other transportation options in your community.
Look online for answers to these questions:

Besides cars, what are some other ways of
getting around where you live?
Which of those alternatives require no gasoline? Which require less gasoline per person
than a car? Do any of your alternatives
require more gasoline per person, than driving a car?
What are the pros and cons of using
other modes of transportation in your
community?

Here are some tips that might help you on your quest:
» City governments around the Monterey Bay area
in California, provide information for local residents
about alternatives to using cars.
www.ambag.org/sharing.html
» The city of Victoria in British Columbia, Canada, has
information on how it is working to limit the use of
cars in the city with a program called Transportation
Demand Management, or TDM. www.vtpi.org/tdm
» Drivers.com provides information on drivers and
driving, as well as information for people who want to
get out from behind the wheel.
www.drivers.com/topic/54
» Visit your city, town, or region’s ofﬁcial Web site, a
local chamber of commerce Web site, or other town
sites for information about transportation options in
your community.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Speak Your Mind
IDEAS FOR THE
INFORMAL SETTING
» Have the teacher pre-

pare for the hearing as a
pre-visit activity and conduct the hearing on the
ﬁeld trip.

» Combine with a live wolf

OVERVIEW

Students play roles in a simulated public hearing about wolf relocation.

OBJECTIVES

Students will:

» Experience the process of making decisions about complex issues
» Formulate and verbalize opinions about an issue
» Apply learned concepts to a “real life” situation

presentation.

SUBJECTS

Social Studies, Government, Science

VOCABULARY

conservation, endangered species, threatened species

TIME

3 sessions

MATERIALS

» Markers
» Easel paper or blank overheads
» Copies of handouts: Recovery Team Issue Statement (one), Get the Facts
(one per student), and Role Assignments (one per group)

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science
Education Standards (Grades 5-8):

» Standard C: Life Science—Regulation and behavior
» Standard C: Life Science—Populations and ecosystems
» Standard C: Life Science—Diversity and adaptations or organisms
» Standard F: Science in Personal and Social Perspectives—Populations,
resources, and environments

» Standard F: Science in Personal and Social Perspectives—Risks and
beneﬁts
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BACKGROUND
Species management under the Endangered Species Act is a complex issue involving varying political opinions as
well as scientiﬁc information. When a species recovery location is on public lands, the government often holds
public hearings to give a forum to opinions and assess public demands. The public needs to have their opinions
heard, and invariably, there are many different interests represented at public hearings.
Gray wolf recovery efforts faced unprecedented opposition when announced to the public. A great deal of public
input received by the federal government was generated at public hearings, where all have the opportunity
to voice their opinion, including individual citizens, coalitions, and interest groups. A coalition is an alliance of
people or organizations who band together to make their voice stronger. Similarly, an interest group consists of
people who share a common view and work together to implement their ideas.
Simulation activities are models of real life problems and issues. This simulated public hearing activity deals with
the reintroduction of wolves to a national park. While the situation is ﬁctitious, it is based on the real life
proposal to bring the wolves back to Yellowstone National Park by the US Fish and Wildlife Service. The US Fish
and Wildlife Service is an agency of the US Department of the Interior, the department that protects endangered
and threatened species. Real wolf introduction efforts have involved great compromise. For example, vital to
Yellowstone’s efforts has been a reimbursement fund. This fund reassures ranchers by giving them the cash value
of livestock proven to have been killed by a wolf.
During this simulation activity, students will gain experience in examining a problem by weighing facts; weighing
alternative solutions and consequences; and arriving at a decision. They may also experience the heated emotions
that often inﬂuence decisions. Remind them that this is a role-playing activity and that their classmates should not
be held accountable for the opinions they portray.
This activity does not require an in-depth knowledge of relocation efforts. The key concepts identiﬁed in this
section and the handouts provide a good start.

BEFORE YOU BEGIN
1. Based on your class size, determine how many students will be in each of the seven groups.
2. Make copies of the Recovery Team Issue Statement, Get the Facts, and Role Assignments.

WHAT TO DO
1. Review key concepts from the background section.
2. Introduce the activity by explaining to the class that they will participate in a mock public hearing about wolf
recovery. Tell them they will take the role assigned to them and, using prior knowledge and the information provided, attempt to persuade the recovery team to adopt their recommended action.

Continued...
Speak Your Mind 76

Predators
What To Do, continued...
3. Hand out role assignments and have students form
their groups. Hand out Get the Facts and the Recovery
Team Issue Statement to each group.

4. Have the Recovery Team leader read the issue statement to the group. Other Recovery Team members
should introduce each of the proposed options.
5. Give each group time to review the handouts and

discuss their position. Have the Recovery Team Group
become familiar with roles 2-7, so they are better
prepared. Groups may choose to support one of the
proposed plans or present one of their own plans.
They should provide the reasons why they support
the plan they have chosen. Allow the groups at least
30 minutes to develop their positions and summarize
their main points on large sheets of paper (or overheads) and decide how to present their opinions. Each
group should choose a spokesperson to present the
group’s recommended action.

6. When groups have prepared their presentations,

reconvene the entire class. You may want to set up
the room so the Recovery Team sits at a table in
the front. Allow each group three to ﬁve minutes to
present their recommendation. As the groups present,
their summary sheets should be displayed. Students
will need this information later for the assessment so
educators should encourage note-taking during the
presentations.

7. After the presentations, have the Recovery Team

meet for 10 minutes to make its decision based on
the strengths of the presentations. The team then
announces its ﬁnal decision to the group, explaining
its reasoning and commenting on the varying opinions
stated by the interest groups.

b. Could any of the interest groups form coalitions? Why would they want to?
c. Were you able to relate to the feelings of the
interest group you represented? Did the activity
help you understand why people have strong
feelings about issues such as this one?
d. Would it have helped to have more background information? If so, what? Can you ﬁnd
this information and share it at the next class
meeting?
e. How does the decision made by the Recovery
Team compare to the real life decisions made in
Yellowstone National Park?

ASSESSMENT
Have students write newspaper articles covering the
hearing. Articles should include information about
each of the six views presented during the role-play
exercise.

Needs Improvement—Article fails to capture the
main points of hearing or reﬂects only one or two
views.

Satisfactory—Article captures the main points of

hearing and clearly reﬂects four or more of the views
presented.

Excellent—Article captures the main points of hearing and clearly reﬂects all six views presented.

8. Allow time for questions about the decision and
ﬁnal comments from the groups.

9. When the activity is completed, have participants
drop their assumed roles and discuss the following
questions:
a. Why do some people feel differently about
wolves than other people do?
Continued...
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EXTENSION
» Have students conduct a survey of willing participants to determine how to respond to the Recovery Team

Issue Statement. Data for creating the survey can be drawn from Get the Facts and from the list of Possible
Alternatives for the Wolf Recovery Plan. Based on the ﬁndings tabulated from the survey, students could
write a recommendation for which alternatives should be followed.

» Research other wolf topics and write reports or develop multimedia presentations. Possible topics include

Red wolf recovery, Mexican wolf recovery, status of Yellowstone wolves, Nez Perce involvement in recovery
efforts, status of wolves in another country, and status of wolves in Minnesota.

» Explore how wolves are portrayed in literature. Discuss how literary portrayals might affect perceptions of
wolves and inﬂuence management decisions.

» As an alternative to role-playing, students could predict the consequences of each Plan option. Then

research what was implemented in Yellowstone National Park and compare their predictions to the actual
outcomes.

MORE INFORMATION
For information on gray wolves and wolf-human interactions, visit National Wildlife Federation’s Web site at
www.nwf.org/wildlife/graywolf/

CREDIT
From the Wolves Action Pack, National Wildlife Federation. © 1999 National Wildlife Federation. www.nwf.org
Note to Teachers: This lesson and others relating to National Geographic’s Strange Days on Planet Earth can be
found online at www.pbs.org/strangedays/
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Student Handout: Wolf Recovery in Wild West National Park
SPEAK YOUR MIND

Student Name ________________

Issue Statement
(Note: This statement is to be read to the entire group by the “Wild West Wolf Recovery Team” leader.)
Welcome to this public hearing about the Wild West Wolf Recovery Plan, and thank you all for attending. The
task of the Recovery Team is to see that the gray wolf does not become extinct in this region of the United States.
It has been recommended that Wild West National Park be the site for the reintroduction of the gray wolf. The
purpose of our hearing today is to hear your views on the recovery plan.
Wolves lived in Wild West National Park well before the arrival of European settlers to the area in the early 1800s.
Almost immediately following this arrival, predator control programs were put into place. These programs used
traps, poison, and guns to lower the wolf population. By the time the predator control programs were ended in
1950, the wolf had been completely annihilated from Wild West National Park.
The gray wolf was declared endangered in the United States (with the exception of Alaska and Minnesota) with
the passing of the Endangered Species Act in 1973. Recently, the US Fish and Wildlife Service devised a plan to
bring the wolf population back to a level where it is not threatened with extinction. One part of this plan would
bring wolves to Wild West National Park. It is believed that Wild West National Park is a suitable habitat for the
wolves, with plenty of space and prey animals.
Because the Recovery Team must, by law, do something to recover the wolf population, we have prepared four
alternatives. You may choose to recommend one of these choices, or you may recommend a different idea. All
ideas are welcome. Our ﬁnal decision will be based on the ideas, facts, and arguments put forth today at this
hearing.
We now ask that the groups read over Get the Facts before we begin the hearing.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Get the Facts

Student Name ________________

SPEAK YOUR MIND

The Endangered Species Act of 1973
This law was passed by Congress, giving protection to animals and plants that are threatened with extinction. It
divides at-risk species into two categories:

Endangered: These species are in current danger of becoming extinct in all or part of their range. When a

species is declared (by the Department of the Interior) to be endangered, it is protected by a ban on hunting,
capturing, or harming in any way. Also prohibited is the buying or selling of the plant or animal or any
product made from the species. A recovery team is then responsible for developing a plan to restore the species’
population to stable levels.

Threatened: These species are likely to become endangered in the foreseeable future. Protections vary among
species, but hunting may be allowed under certain circumstances and products made from the species may be
bought or sold. The recovery team makes these decisions.

Possible Alternatives for the Wolf Recovery Plan
Plan #1:

» Do NOT introduce the wolf into Wild West
National Park.

Plan #2:

» Introduce three pairs of alpha males and females
into Wild West National Park.

» Give these wolves and their future offspring protections that the law gives to endangered species. Thus, the wolves could not be killed or
harmed in any way.

» When there is a minimum of ten packs of wolves
in the park for a period of four years, the wolf
would be removed from the endangered species
list.

» Owners of livestock killed by wolves will be reimbursed (paid the amount that the livestock is
worth).

Plan #3:

» Introduce three pairs of alpha males and females
into Wild West National Park.

» These wolves would be considered an “experi-

mental” population. That is, they will not be
granted the full protection of an endangered
species. When the wolves are causing problems
such as killing livestock, authorized workers
from the National Park Service or US Fish and
Wildlife Service may kill the wolf involved.

» Hunting and trapping may be allowed on land
outside Wild West National Park.

» There will be no buying or selling of wolves or
products made from wolves.

» Ranchers who own livestock killed by a wolf will
be reimbursed.

Plan #4:

» Allow individual states, not the federal govern-

ment, to make decisions about the wolf population. This would include possible wolf recovery,
hunting, trapping, buying, and selling of wolves
or products made from wolves.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Role Assignment Cards

Student Name ________________

SPEAK YOUR MIND

ROLE ASSIGNMENT #1: THE GRAY WOLF RECOVERY TEAM
You have been hired by the federal government to make a ﬁnal decision about gray wolf
recovery. Remember that you must follow the law, and that the more public support the
plan has, the more likely it is to succeed. Listen to each of the interest group’s presentations
carefully. The fate of the gray wolf is in your hands and what you decide will affect many
people’s lives. Good luck.

ROLE ASSIGNMENT #2: THE ECOFRIENDS
You are a national environmental group that works to preserve wildlife and natural habitats.
Your group has focused on conservation in national parks where you fear that too much
tourism is hurting wildlife. You believe the wolf has an important place in the Wild West
food web and has been missing for too long. Wolf recovery in Wild West National Park would
beneﬁt the ecosystem that is vital to our own survival.

ROLE ASSIGNMENT #3: THE HOWLERS
You are an animal rights group based in New York City. Your members live in all regions of
the US Among the issues you support is saving the gray wolf from extinction. You recognize
that this will affect peoples’ lives, but the wolf was here ﬁrst and that must come before
human interests.

ROLE ASSIGNMENT #4: WILD WEST BUSINESS ASSOCIATION
You are an association of business owners. The members own businesses in and around Wild
West National Park, including restaurants, hotels, campgrounds, and gift shops. While you
are concerned that if people do not feel safe they will not visit the park, you also realize
that the wolves could be an attraction for the park. Your organization conducted an informal
poll that revealed that 80% of park visitors approved of the wolf being returned to Wild
West National Park.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Role Assignment Cards

Student Name ________________

SPEAK YOUR MIND

ROLE ASSIGNMENT #5: AMERICAN RANCHERS ASSOCIATION
You are a group of cattle and sheep ranchers. Your livestock need large grazing areas and
currently some ranchers have been allowed to use parts of Wild West National Park. You are
opposed to a top predator being introduced into the park. You worry that lands you now use
will be off limits and that the wolves will kill your livestock. You believe that wolf recovery in
the park will cause you to lose money.

ROLE ASSIGNMENT #6: WESTERN NATURAL GAS COMPANY
Your corporation explores land for possible sources of natural gas. You are currently testing
in Wild West National Park. Many people think you may harm wildlife causing your public
image to be poor. You would like to have a more favorable public image. You worry that wolf
recovery in the park will result in restrictions on your exploration.

ROLE ASSIGNMENT #7: HUNTERS OF AMERICA
You are a hunting club that believes wolf recovery in Wild West National Park will limit your
ability to hunt there, and may lead to restrictions in other places. You believe that hunters are
doing an excellent job of limiting the elk population and that the reintroduction of wolves
may deplete the numbers of the game animals you like to hunt. You pay money to the state
government when you buy hunting licenses; money that will be lost if hunting is restricted.
National parks are for the enjoyment of the American public, including hunters.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Aquatic Connections
IDEAS FOR THE
INFORMAL SETTING
» Select one part of the

overall activity to conduct during the ﬁeld
trip. The two remaining
parts can be done as preor post-visit activities.

OVERVIEW

In this series of interrelated activities, students participate in simulations
that demonstrate three ecological concepts: carrying capacity, food webs,
and the role of top predators.

OBJECTIVES

Students will:

» Explain how the availability of food may be a limiting factor for
herbivores within an ecosystem.

» Identify feeding relationships and the transfer of energy among
plants and animals.

» Discuss human activities that affect the food web in an aquatic
environment.

SUBJECTS

Science, Mathematics

VOCABULARY

carnivore, carrying capacity, food chain, food web, herbivore, limiting
factor, omnivore, phytoplankton, predator, prey, watershed, zooplankton

TIME

3 sessions (one session per part)

MATERIALS

» Tokens (poker chips, beans, pennies or other non-destructible small
items, approximately 15 per student)
» Small plastic bag or cup (one per student)
» Colored cloth armbands (three different colors are required, enough of
each color for one-third the number of students, plus enough of the third
color for half the number of students)
» Copies of handouts: Aquatic Connections Worksheet (one per student),
optional; Data Sheet, Part 1 (one copy for instructor, plus one copy of
completed worksheet per student optional); Data Sheet, Part 2 (1 copy for
instructor plus one copy of completed sheet per student, optional); and
Data Sheet, Part 3 (one copy for instructor)
» Clipboard
» Pencil
» Whistle
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NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):

» Unifying Concepts and Processes—Systems, order, and organization
» Unifying Concepts and Processes—Evidence, models, and explanation
» Standard A: Science as Inquiry—Abilities necessary to do scientiﬁc inquiry
» Standard C: Life Science—Regulation and behavior
» Standard C: Life Science—Populations and ecosystems
» Standard F: Science in Personal and Social Perspectives—Populations, resources, and environments
BACKGROUND
The transfer of food energy from one species to the next links the components of every ecosystem. This is called
the food chain or, more accurately, the food web, since the connections are complex and varied. Producers, or
plants and some kinds of bacteria that convert the sun’s energy to food, form the ﬁrst level of the food web. They
make the food that supports the other species in the web. Consumers must eat other living things to obtain food
energy. There are three kinds of consumers: those that eat plants are called herbivores (Latin for “grass-eating”),
those that only eat other animals are called carnivores (Latin for “meat-eating”), and those that eat both plants
and animals are called omnivores (Latin for “all-eating”).
A predator is a carnivore and usually refers to animals that catch and kill their food. The animals they eat are
called prey. A given animal might be a predator of one species and the prey of another.
At each stage of the transfer, food energy is used for many different things. Some is used for growth; some is
stored as fat or oil for later use as food. Some is used for reproduction. Some goes undigested and is lost in
feces or the bodies of dead organisms. Much of the food that an animal eats is broken down in a process called
respiration which takes place inside body cells.
Human activities may affect food webs in many ways. Pollution and habitat destruction cause obvious changes
that can be easy to see. However, more subtle changes may result from extensive harvesting or removal of speciﬁc
levels of the food web. When some ﬁsh are selectively removed, it may have signiﬁcant impact on other animals
and on the plants in a watershed. Very careful planning is necessary to be able to either remove or add animals to
a system without disturbing the overall functioning of the entire system.

BEFORE YOU BEGIN
This exercise works best in an open space. Plan the location for the activity. If you are planning to conduct the
activity outside, make sure you have an alternate site in case of rain.
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WHAT TO DO
Part I: Carrying Capacity—The relationship

between food availability and the number of herbivores an area can support.

toplankton to reproduce while others did. Those that
got more food leave more offspring. Some could not
survive with the limited amount of phytoplankton.

1. Review the terms zooplankton and phytoplankton.

6. Round 2: After reproducing in the ﬁrst round,

Zooplankton includes herbivores that feed on the tiny
phytoplankton (plants) that drift through the surface water in an aquatic environment. What happens
when herbivores have to compete for food? Have
students predict what might happen if the herbivores
cannot get enough to eat. (Answer: They might starve
and die or may not be able to reproduce.)

2. In this exercise, the playing ﬁeld is a “pond” that

produces a limited number of phytoplankton and has
only a few zooplankton. The tokens (beans or poker
chips) represent phytoplankton. The food supply stays
the same from one generation to the next.

3. Round 1: Designate two-thirds of the class to act as
zooplankton. The rest of the class is reserved for the
next generation. Give each zooplankton a plastic bag
to collect phytoplankton.

4. Scatter 10 food items (tokens) per zooplankton.

Tell students that they are to try to eat (collect) as
much as they can without encroaching on another
zooplankton’s food supply. Begin the food search and
let students pick up all the food. It will be over pretty
fast.

5. Have everyone sit down. Did they all get the same

amount of food? (Answer: No, some individuals are
more efﬁcient searchers than others.) Record the
results on the instructor’s Data Sheet for Part 1, using
this guide to
Number of
the outcomes:
phytoplankton
Outcome
collected
Note that
some of the
Starved, do not reproduce
<9
zooplankton
Produce one offspring
9-11
did not get
Produce two offspring
12-13
enough phyProduce three offspring
>13

all the parents die, leaving behind the number of
offspring indicated on the data sheet. Change the
number of players to match the number of offspring
and repeat the game. Recruit from the reserve and
allow substitutions for tired zooplankton. Scatter the
same number of food items as used in the ﬁrst round
regardless of whether the number of players went up
or down. (Assume the same number of phytoplankton
will be produced.) The amount of food is limited.

7. Record the results for Round 2 on the data sheet.
Continue to repeat the game for four or ﬁve rounds,
changing the number of zooplankton and recording
the results each time. You should ﬁnd that as long as
the food supply remains the same, approximately the
same number of animals is produced in each generation.
8. Return to classroom and post the simulation results
on the board or distribute copies of the completed
data sheet. Discuss what happened during the simulation and the results of the worksheet. Consider the
following questions:
a. Did all the zooplankton get enough to eat?
(Answer: No. Even though there were food items
enough for everyone to survive, some were
better at competing for food than others.)
b. What happened to those that got more food?
(Answer: They used their extra food to reproduce.
The best competitors had the most offspring.)
c. Did anyone ﬁnd a particular trick to help them
compete more successfully for food? If this trick
or adaptation was one that was inherited, would
their offspring also be better at ﬁnding food?
Would more animals in the next generation be
better at catching food? (Answer: Yes. Those that
got the most food left the most offspring. At

Continued...
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What To Do, continued...
least some are likely to inherit the food-ﬁnding
adaptation.)

9. Review and discuss the results. Note that animals

compete for food. Those that do not get enough to
eat die or are caught by predators because they are
weak or diseased. Those that compete most successfully leave more offspring. If the limit to the number
of herbivores in an area is the food supply and that
food supply remains relatively constant, the number
of herbivores remains more or less the same from one
reproductive period to the next. This average number
of animals is the carrying capacity for that habitat.

10. To reinforce the interpretation of the data

and practice math and graphing skills, distribute the
Aquatic Connections Worksheet and ask students to
complete the questions. (Optional)

Part II: Predator-Prey—The feeding relationships

animals that feed on plants. Write insects, crayﬁsh,
beavers, and zooplankton above the plants on the
board and draw an arrow up to them. Explain you
are drawing a diagram of the path food takes in the
pond. Animals that eat plants and algae are called
herbivores.

4. Who eats the herbivores? (Answer: Small ﬁsh, frogs,
and some bigger ﬁsh) Add them to the next level
along with an arrow. Animals that eat other animals
are called carnivores. The animals that are eaten are
called prey.

5. Finally, who eats the carnivores? (Answer: The big
ﬁsh and the raccoon) These are the top carnivores.
They do not just eat the level below them; they also
eat animals from the lower levels. Add the top carnivores to the diagram and make sure the students see
the food web or food chain forming as you draw the
lines between the levels.

among animals that live in an ecosystem.

1. In this part of the activity, the class is going to rep-

resent the animals in a pond ecosystem. Have students
name some animals that might live in a pond. Possible
answers include large and small ﬁsh, frogs, crayﬁsh,
tiny zooplankton, insects, beavers, and raccoons. You
might want to have pictures of pond animals on hand
to show the class. Explain that this simulation is going
to use groups of animals based on predator-prey relationships.

2. In the pond, where does the food come from?
(Answer: From plants and algae that use the sun’s light
to photosynthesize. Some of these organisms are tiny,
free-ﬂoating phytoplankton while others are rooted
green plants that grow under the water or along the
edge of the pond.) Write the words phytoplankton
and green plants at the bottom of the board. Introduce the word producers for those species that make
their own food.
3. Who might eat these plants and algae? The tiny

animals called zooplankton eat phytoplankton as the
students learned in the previous activity section. Many
insects, crayﬁsh, and beavers are among the pond

6. Move to the activity location. Assign one-third of

the class to be zooplankton, crayﬁsh and insects. Give
them the same colored strip of cloth to wear and a
plastic bag or cup. They are all herbivores.

7. Unlike in Part 1, in this simulation food is not a limiting factor. Thus, there are more plants available than
the herbivores can eat. Scatter 20 food tokens (poker
chips or large white beans) for each herbivore (that
is, 20 times one-third the number of students). The
tokens represent plants in the pond. The herbivores
must get their food by picking up the tokens. To
survive and reproduce, they must get 10 tokens before
the end of the game. If they do not get 10 pieces, they
die of starvation.
8. Give another one-third of the class a second color

armband and a plastic bag or cup. They are the carnivores, the frogs and small ﬁsh. To eat, they must tag
an herbivore. Tagged herbivores give their food bags
to the carnivores and sit down, as they have been
“eaten” by the predator and are out of the game.
The carnivores must collect 20 pieces of food from
the herbivore food bags to survive and reproduce at
the end of the game. They must stop eating (tagging

Continued...
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herbivores) when they have 20 pieces. If they do not
get 20 pieces, they die of starvation.

9. The remaining students are the top carnivores. They
get a third color armband and a plastic bag or cup.
They feed by tagging either the herbivores or the
carnivores, who give up their bags and sit down when
tagged. The top carnivores require 40 pieces of food
to survive and reproduce at the end of the game. They
must stop eating when they pass 40 food items.

ing students to be carnivores. Scatter 20 food tokens
for each herbivore. Redistribute the colored armbands
and repeat the game for ﬁve minutes. Record the
results on the data sheet.
Alternatively, you can allow students to make one
change, other than changing the amount of phytoplankton, which should remain constant at 20 pieces
per herbivore. You can give them some possibilities,
such as:
a. changing the number of herbivores

10. Caution the students about rowdy behavior and
running into each other. Give the students ﬁve minutes to ﬁnd food then stop the game. Record the
results on the Data Sheet, Part 2.
11. Brieﬂy discuss what happened:

b. changing the number of top carnivores
c. giving herbivores a safe refuge where they can
hide between running out to gather food tokens
(keeping in mind that they must gather 10 pieces
of food to avoid starvation), or

a. What was the cause of death in most cases for
the herbivores? For the carnivores?

d. adding 30-second safe times when the top
carnivores rest and stop hunting.

b. Were the proportions of herbivores and carnivores the same at the end as at the beginning
(indicating the ecosystem has its various feeding
levels intact)?

Students should select one change at a time so results
from each round can be attributed to a speciﬁc variable. Run multiple rounds, changing one variable at
a time and analyzing the results. The ultimate goal is
to have some individuals from each level remaining
at the end of the simulation so that all levels can
reproduce.

c. Do the students think this worked like a real
pond ecosystem? Why or why not? How might
the proportions in a real ecosystem differ from
the game?
(Note: The proportions in the ﬁrst game (Part I) were
intentionally wrong. They do not represent a working
system and were chosen precisely because they do not
work. The students should be able to see the problem.
The top carnivores are going to eat all their prey. With
no herbivores left, the top carnivores will starve to
death. If all the herbivores are eaten, they will not
leave any offspring, and the rest of the levels will
be affected in the future. The second game should
provide information to develop inferences about more
appropriate numbers at different levels.)

13. Return to the classroom. Post the results from the

data sheet on the board or distribute copies of the
completed data sheet. Compare the rounds of play
and discuss. In order for the food web to be realistic,
the students must have some individuals from each
level remaining at the end of the simulation. These
animals will be the ones that reproduce, creating the
next generation. Ecosystems normally support very
few top predators (perhaps one), a few carnivores and
many herbivores. This exercise illustrates that there
are fewer animals in each succeeding level of the food
web.

12. Change the number of students in each level.

Assign one-half of the class members to be herbivores,
four or ﬁve students to be top carnivores and remainContinued...
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Part III: Human Impact—Human activities that

change the feeding relationships, and thus the ecological structure of a food web.

1. Part 3 of this activity combines the effects of com-

petition and predation from the prior two sections
and explores the impact humans can have on the
workings of an ecosystem food web. Ask students
to name some ways people might affect the animals
in the pond food web. (Answer: Pollution, habitat
destruction, removal of selective levels of the food
web) Some of the impacts are obvious; it is easy
to understand the consequences of ﬁlling a pond or
marsh in order to build a shopping center or add a
ﬁeld to a farm. More subtle changes may result from
removing too many ﬁsh (or other species) from a habitat and altering the structure of the entire ecosystem.

2. Ask students to identify the food web of the pond

model from the previous simulation. Draw the food
web on the board as students name the plants and
animals. Which level of the food web is the most likely
to be affected by humans? Since people like to catch
big ﬁsh rather than tiny minnows, big ﬁsh are the
likely candidates for human removal. Students have
experienced an animal (like a raccoon) being killed
by an automobile. Accidents often occur when people
and animals share the same area. Use the ﬁsh and the
raccoon examples for human disturbance of the pond
food web.

3. Replay the simulation as in the ﬁrst round of Part
2. This ﬁrst round provides a baseline to see what
happens before humans are involved. People will be
added later. Assign three-fourths of the students to
act as herbivores—the zooplankton, insects, beavers
and crayﬁsh. Make two students top carnivores—the
big ﬁsh and raccoon. The remaining students will be
carnivores that feed on the herbivores—the frogs and
small ﬁsh. Distribute the colored ﬂags for each feeding level and the plastic bags or cups to hold the food
they eat.

food, it can go to hide in a safe place. When an animal
has been tagged by its predator, it has been “eaten”
and must give up its food and sit down. Allow the
students to play the game until everyone has either
gotten enough to eat, run out of food to eat or been
eaten. Record the results on the Data Sheet, Part 3.
Was this system in reasonable condition? That is, did
some members of each level survive?

5. Now repeat with human interaction. A motorist has
killed the raccoon and an angler caught the big ﬁsh.
The two top carnivores must sit out. Have the students
predict the outcome. Play the game again and record
the results.

6. What happened to the structure? Did more of

the herbivores get eaten? What would happen in the
next generation? Ask the students if there is a direct
consequence of removing the top carnivores on the
structure of the food web. (Answer: The secondary
consumers are now able to eat almost all the herbivores, leaving few to reproduce in the following year.
With the herbivores gone, the carnivores will starve in
the following years.)

7. Discuss the conclusions. The feeding levels of

natural food webs are generally in tune with one
another over a period of years. When all of one level
is removed, the other levels will be affected. Any
human harvesting of natural populations must take
into account the effect on the other levels of the food
web.

4. Scatter 10 food items per herbivore. Each herbivore
needs 10 to survive and reproduce. Each carnivore
needs 20 pieces and each top carnivore needs 40 to
survive and reproduce. When any animal has enough
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ASSESSMENT
Ask students to answer the following in writing:
» Identify at least two limiting factors in a habitat.
Explain how a limiting factor determines the carrying capacity of an area.

EXTENSION
» List types of wildlife that live in a pond ecosys-

tem near your community. Draw a food web for
this wildlife population. Determine how human
activities inﬂuence this food web.

» Explain the predator-prey relationship and how

» Research the strategies used by predators to

» Discuss the importance of top carnivores. Explain

» Research your state ﬁshing and hunting regula-

it plays a role in providing structure to the food
web.
the role that wildlife management plays in helping maintain the structure of the food web.

Needs Improvement—Student names one or no

limiting factors. Explanations of carrying capacity, the
role of predator-prey relationships in providing structure to food webs, the importance of top carnivores,
and the role of wildlife management in maintaining
food web structure are vague or incorrect.

Satisfactory—Student identiﬁes two examples of

limiting factors. At least two explanations (of carrying
capacity, the role of predator-prey relationships in providing structure to food webs, the importance of top
carnivores, and the role of wildlife management in
maintaining food web structure) are complete and
correct.

Excellent—Students identiﬁes three or more examples of limiting factors. Explanations of three of four
concepts are correct and detailed.

catch their prey while avoiding being caught
themselves.
tions. These management practices should be
based on an understanding of food webs and
ecological structure.

MORE INFORMATION
Food Chains and Food Webs, an interactive food web
Web site sponsored by Parenting the Next Generation
www.vtaide.com/png/foodchains.htm
For an interesting look at the importance of predators
see Monster of God by David Quammen. Published
by W. W. Norton and Company, Inc., New York, NY,
www.wwnorton.com/catalog/fall04/032609.htm

CREDIT
From the American River Salmon Educator Activity
Guide published by CA Department of Fish. Used with
permission. Adapted from the Living in Water Activity
Guide with permission from The National Aquarium in
Baltimore, www.aqua.org.
Note to Teachers: This lesson and others relating to
National Geographic’s Strange Days on Planet Earth
can be found online at www.pbs.org/strangedays/
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Student Name ________________

Student Handout: Aquatic Connections Worksheet
AQUATIC CONNECTIONS
Part I.
# zooplankton at start

# starved

# with 1 offspring

# with 2 offspring

# with 3 offspring

Round 1
Round 2
Round 3
Round 4
For each round graph the number of zooplankton offspring produced each time the game was played.

50
40
Number
of
offspring

30
20
10
0

1

2

3

4

5

Generation (number of rounds you played the game)

Part II. Calculate the average number of offspring in the population by adding the numbers from each
generation together and dividing by the number of rounds (generations).

First Run
Feeding Level

Number alive at start

Number eaten

Number that starved

Number alive at end

Number that starved

Number alive at end

Herbivores
Carnivores
Top Carnivores

Second Run
Feeding Level

Number alive at start

Number eaten

Herbivores
Carnivores
Top Carnivores

The average number of offspring was ______.
What change could you make in the game to make the number of offspring increase?

To learn more, visit us online at http://www.pbs.org/strangedays/
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EDUCATOR PAGE
Data Sheet, Part 1

Record the results of each round of play. Once inside the classroom, transfer these results to the board or
distribute copies of the completed data sheet to each student.
Number of Food
Items captured

Round 1
(Generation 1):

<9

0 (starved)
1

12 or 13

2

>13

3

Parents at start
of this generation
(add column to right)

Number of offspring
for next generation
(add column to right)

0 (starved)
1

12 or 13

2

>13

3

Parents at start
of this generation
(add column to right)

Number of offspring
for next generation
(add column to right)
Zooplankton capturing
this number

Number of offspring
each adult produces

<9

0 (starved)

9, 10, or 11

1

12 or 13

2

>13

3

Parents at start
of this generation
(add column to right)

Number of offspring
for next generation
(add column to right)
Zooplankton capturing
this number

Number of offspring
each adult produces

<9

0 (starved)

9, 10, or 11

1

12 or 13

2

>13

3

Parents at start
of this generation
(add column to right)

Number of offspring
for next generation
(add column to right)

Number of Food
Items captured

Round 5
(Generation 5):

Number of offspring
each adult produces

<9

Number of Food
Items captured

Round 4
(Generation 4):

Zooplankton capturing
this number

9, 10, or 11

Number of Food
Items captured

Round 3
(Generation 3):

Number of offspring
each adult produces

9, 10, or 11

Number of Food
Items captured

Round 2
(Generation 2):

Zooplankton capturing
this number

Zooplankton capturing
this number

Number of offspring
each adult produces

<9

0 (starved)

9, 10, or 11

1

12 or 13

2

>13

3

Parents at start
of this generation
(add column to right)

Number of offspring
for next generation
(add column to right)

To learn more, visit us online at http://www.pbs.org/strangedays/

Total offspring
(multiply column 2 by column 3)

Total offspring
(multiply column 2 by column 3)

Total offspring
(multiply column 2 by column 3)

Total offspring
(multiply column 2 by column 3)

Total offspring
(multiply column 2 by column 3)
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EDUCATOR PAGE
Data Sheet, Part 2

Record the results of each round of play. Once inside the classroom, transfer these results to the board or
distribute copies of the completed data sheet to each student.
Round 1 (Pond
Ecosystem):

Feeding Level

Number alive at start

Number eaten

Number that starved

Number alive at end

Number eaten

Number that starved

Number alive at end

Number eaten

Number that starved

Number alive at end

Number eaten

Number that starved

Number alive at end

Herbivores
Carnivores
Top Carnivores

Round 2:

Changes made in rules:

Feeding Level

Number alive at start

Herbivores
Carnivores
Top Carnivores

Round 3:

Changes made in rules:

Feeding Level

Number alive at start

Herbivores
Carnivores
Top Carnivores

Round 4:

Changes made in rules:

Feeding Level

Number alive at start

Herbivores
Carnivores
Top Carnivores

To learn more, visit us online at http://www.pbs.org/strangedays/
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EDUCATOR PAGE
Data Sheet, Part 3

Record the results of each round of play. Once inside the classroom, transfer these results to the board.

Round 1 (Pond
Ecosystem):

Feeding Level

Number alive at start

Number eaten

Number that starved

Number alive at end

Number alive at start

Number eaten

Number that starved

Number alive at end

Herbivores
Carnivores
Top Carnivores

Round 2
(After Human
Interventions):

Feeding Level
Herbivores
Carnivores
Top Carnivores

To learn more, visit us online at http://www.pbs.org/strangedays/
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EDUCATOR PAGE
Aquatic Food Web

To learn more, visit us online at http://www.pbs.org/strangedays/
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Fishing for the Future
IDEAS FOR THE
INFORMAL SETTING
» Explore the impacts of

different ﬁshing practices on habitats, by
combining this activity
with World Wildlife
Fund’s Sharks in Decline.
The activity includes
active simulations of different ﬁshing practices.

OVERVIEW

Through a ﬁshing simulation, students model several consecutive seasons
of a commercial ﬁshery and explore how technology, population growth,
and sustainable practices impact ﬁsh catch and ﬁsheries management.

OBJECTIVES

Students will:

» Experience the “tragedy of the commons”1 as it relates to ﬁshing
resources.

» Consider social, environmental and economic impacts of overﬁshing.
» Identify sustainable ﬁshing practices.
SUBJECTS

Social Studies, Biology, Environmental studies, Geography, Economics,
Mathematics

VOCABULARY

aquaculture, bycatch, consumers, fertilizer, ﬁsher, ﬁshery, ﬁsheries, species,
sustainability, tragedy of the commons

TIME

1 hour

MATERIALS

» Plain M&Ms, one 14-ounce bag for up to 30 students
» Peanut M&Ms, one 14-ounce bag for up to 30 students
» Small cups, one per student
» Serving bowls, medium size, one per group
» Spoons, one per group
» Straws, one per student

____________________________________________________________________
1
The “tragedy of the commons” occurs when resources-such as the
water we drink, and the ﬁsh we eat-shared by everyone (or held in
common) are used at a rate that exceeds the resources’ sustainable limit.
Ultimately, as population grows and consumption increases, the “commons” collapse. The phrase was ﬁrst coined by Garrett Hardin in 1968,
www.garretthardinsociety.org/index.html.
Continued...
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Materials, continued...
» Watch, for timing activity
» Copies of handouts (one per student): Fishing Log and Fishery Facts

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):

» Standard C: Life Science—Populations and ecosystems
» Standard F: Science in Personal and Social Perspectives—Populations, resources, and environments
» Standard F: Science in Personal and Social Perspectives—Science and technology in society
BACKGROUND
Dr. Garrett Hardin coined the phrase “tragedy of the commons” in 1968. Hardin describes cows grazing on a
common land. Since there is no direct cost to using the land, individual ranchers are motivated to add to their
herds in order to increase their personal wealth. But each added animal damages the pasture a small, perhaps
imperceptible, amount. Ultimately, this gradual degradation destroys the commons. Each rancher acting alone is
behaving in an appropriate, rational manner, yet the sum total of all the ranchers’ actions destroys the resource
for them all.
From 1950 to 1990, there was a ﬁvefold increase in the world annual ﬁsh catch. An increasing demand for
ﬁsh coupled with environmentally damaging ﬁshing practices are leading to another tragedy of the commons.
Roughly 70 percent of the planet’s marine stocks are fully or over exploited, according to the Monterey Bay
Aquarium’s Seafood Watch program.
In this activity, students will simulate ﬁshery activity in different oceans. As students progress through the ﬁshing
seasons, they will likely overﬁsh their oceans and will have to migrate to other oceans to meet their basic needs.
Most groups will eventually create a total crash of ﬁsh stocks in all the oceans. This demonstration will clearly
indicate the beneﬁts of sustainable ﬁshing practices.

BEFORE YOU BEGIN
1. Check for peanut allergies in your class. You can do the activity using only plain M&Ms, if necessary.
2. For a class of 20, you will have ﬁve or six groups of three to four students each. Each group will start with
20 plain and 10 peanut M&Ms. Count out the ﬁrst round of M&Ms for each group, and place them in cups
or bags.
3. Copy the Fishery Facts and Fishing Log handouts.
4. As a pre- or post-activity reference, have students read the handout Fishery Facts. For additional references,
read Chapter 5 “Global Trends—Food, Water, and Income” and Chapter 6 “Environmental Sustainability” from
Facing the Future’s publication Global Issues & Sustainable Solutions. www.facingthefuture.org
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WHAT TO DO
1. Introduce and discuss the concept of sustainability

using the following deﬁnition:

Sustainability is meeting the needs of the present
without compromising the ability of people,
other species, and future generations to survive.*

6. Give each group one serving bowl and each stu-

dent one small cup, one straw, and one copy of the
handout Fishing Log.

7. Put 20 plain and 10 peanut M&Ms in each group’s
bowl.

Ask why sustainability might be an important goal for
a society and what might be difﬁcult about realizing
this goal.

8. Say “start ﬁshing” and give the students 20 seconds
for the ﬁrst “season” of ﬁshing.

2. Tell students that today they are going to go ﬁshing and explore some of these sustainability issues.

Remember for this round, students should hold their
hands behind their backs.

3. Explain the game rules:

9. Have each ﬁsher count his or her catch (M&Ms in

a. Each student will be a “ﬁsher” whose livelihood depends on catching ﬁsh.
b. Peanut M&Ms represent the largest and most
valuable ﬁsh (tuna, swordﬁsh, et cetera).

4. Plain M&Ms represent the next most-valuable ﬁsh
(cod, salmon, et cetera).

a. Each ﬁsher must catch at least two ﬁsh (large
or small) in each round to survive (i.e., get
enough ﬁsh to either eat or sell).
b. When the ﬁshing begins, students must hold
their hands behind their backs and use the “ﬁshing rod” (straw) to suck “ﬁsh” (M&Ms) from
the “ocean” (bowl) and deposit them into their
“boat” (cup).
c. The ﬁsh remaining in the ocean after each ﬁshing season represent the breeding population,
and thus one new ﬁsh will be added for every ﬁsh
left in the ocean (bowl).

their cup) and record the data in their Fishing Log.

10. After every round, ﬁshers who did not catch
the two-ﬁsh minimum must sit out for the following
round.
11. Add one new ﬁsh for every ﬁsh left in the ocean
(bowl).

12. Allow remaining ﬁshers to use their hands on the
straws during the second session to represent “new
technology.”

13. After the second ﬁshing season, give one ﬁsher

from each group a spoon that they can use instead of
their straw. This represents more new ﬁshing technology such as trawl nets, sonar equipment, et cetera.
Continue the game for Round 3.

14. Ask, “What happened when ocean group [name]

ran out of ﬁsh? How are the ﬁshers going to survive
now?” (One option is to move to another ocean.)
Allow students to “invade” other ocean groups when
5. Divide the class into groups of three or four stutheir ocean is depleted, but do not tell them that they
dents and have each group choose an ocean name
can do this beforehand. Fishers may either go as a
such as North Atlantic, North Paciﬁc, Arctic, Meditergroup to another ocean or they may disperse to other
ranean, et cetera.
oceans.
_________________________________________________________________________________________________________
* Paraphrased from the Global Development Research Center in Osaka, Japan: www.gdrc.org/sustdev/definitions.html

Continued...
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15. Repeat ﬁshing, recording, and replenishing ﬁsh
stocks until either sustainable ﬁshing is achieved or
until all (or most) groups ﬁsh out their ocean.

3. Have students brainstorm ways to have a sustainable ﬁshery. What rules could be developed?
(For example, limits on type of equipment allowed,
amount and type of ﬁsh, shorter seasons.)

REFLECTION
1. Have students write their thoughts about the fol-

lowing quote by John C. Sawhill, relating it to the ﬁshing activity. “ John Sawhill is the former President and
Chief Executive Ofﬁcer of The Nature Conservancy.
“In the end, our society will be deﬁned not only
by what we create, but by what we refuse to
destroy.”

2. Use the following sample questions to lead a discussion about the activity:

» How did you feel when you realized that you

ASSESSMENT
Read Garrett Hardin’s essay “The Tragedy of
the Commons” and discuss how it is reﬂected
in this game. For a downloadable version, go
to www.garretthardinsociety.org/
articles/art_tragedy_of_the_commons.html

Needs Improvement—In the reﬂection discus-

sions, student cannot relate the John Sawhill quote
to the activity and/or cannot develop any rules for sustaining a ﬁshery. Student fails to connect “The Tragedy of the Commons” to the ﬁshing activity.

Satisfactory—In the reﬂection discussions, student

» How does this activity relate to real ocean and

cites at least one way in which the John Sawhill
quote is reﬂected in the ﬁshing activity and participates in the remaining discussions. Student captures
the essence of “The Tragedy of the Commons” as
reﬂected in the ﬁshing activity and support the argument with at least one example.

» What is missing in this game? (Answer: Impacts

Excellent—In the reﬂection discussions, student cites

had depleted your ﬁsh stock?

» How did you feel when other ﬁshers joined your
ocean group?

ﬁshery issues?

to non-human animals that rely on ﬁsh for their
survival, population growth, et cetera.)

» What happens to a resource when you have

inﬁnite population growth, growing technology,
and a ﬁnite resource?

one or more ways in which the John Sawhill quote
is reﬂected in the ﬁshing activity and participates
actively in the remaining discussions. Student clearly
articulates how the ﬁshing activity reﬂects “The Tragedy of the Commons” and supports the argument
with one or more examples.

» Are there any commonly owned resources in

our region or community? If so, what are some
similar issues around them, and how can the
resources best be managed? (Answer: Air is a
commonly used resource-how do we deal with
air pollution? Forestry or animal grazing rights
also sometimes create similar discussions. You
might also talk about city and national parks,
and other public lands, and the competing uses
and needs.)

Continued...
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EXTENSION
» Repeat the activity after the class has expe-

rienced the “tragedy of the commons” and
discussed sustainable practices to see if they can
harvest in a sustainable manner.

» Students can research which ﬁsh are har-

vested in a sustainable manner and which are
being depleted. Have them do an advertising
campaign in their school promoting the consumption of sustainable ﬁsh and avoiding the
consumption of threatened ﬁsh. (This might
include researching the kind of ﬁsh served in
your school cafeteria, developing a system that
protects threatened ﬁsh, and presenting it to
your cafeteria staff, principal, and school board.)
For recommendations about which seafood
to buy or avoid, check out the Monterey Bay
Aquarium’s Web site “Seafood Watch” at www.
montereybayaquarium.org or the Audubon Web
site seafood.audubon.org/.

» Have students research a local ﬁshery and

include interviews with local ﬁshers, biologists,
and other people involved with the ﬁshery.

» Have students choose one of the major world

ﬁsheries, such as salmon, cod, or tuna, and
develop a sustainable ﬁshing plan, paying attention to international laws and treaties.

» Have students investigate ﬁsh farming and its
environmental and economic impacts.

» Have students research federal and state laws

relating to economic use of public lands by
private companies and individuals. Determine
whether these laws balance environmental protection and economic development. If not, outline new laws to create such a balance.

» Do a watershed planning/protection project

to help protect ﬁsheries from environmental
damage.

» Participate in a beach or river cleanup project.

» Join an Ocean/Fisheries Action Network such as:
Ocean Conservancy: www.oceanconservancy.
org/
Marine Fish Conservation Network: www.conservefish.org
SeaWeb: www.seaweb.org
World Wildlife Fund Conservation Action Network: www.takeaction.worldwildlife.org

MORE INFORMATION
Visit the United Nations Food and Agriculture Organization Fisheries Resource Web site at www.fao.
org/fi.
For information and pictures about the state of the
world’s ﬁsheries, see the New International Magazine’s online issue on ﬁshing at
www.newint.org/issue325/facts.htm.
To explore sustainable seafood choices, visit the
Seafood Watch Web site at
www.mbayaq.org/cr/seafoodwatch.asp or The
Marine Stewardship Council (MSC), an independent,
non-proﬁt organization that promotes responsible
ﬁshing practices. www.msc.org
Seafood Network Information Center is a clearinghouse for sharing seafood knowledge. seafood.
ucdavis.edu/

CREDIT
“Fishing for the Future,” © by Facing the Future:
People and the Planet, www.facingthefuture.org
2004 (used with permission). Adapted from Fishing
with Jim by teachers Jim Hartmann and Ben Smith.
Note to Teachers: This lesson and others relating to
National Geographic’s Strange Days on Planet Earth
can be found online at www.pbs.org/strangedays/
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Student Handout: Fishery Facts

Student Name ________________

FISHING FOR THE FUTURE

The world’s ﬁsheries are under more pressure than
ever before. From 1950 to 1990, there was a ﬁvefold
increase in the world annual ﬁsh catch. The average
yearly per-person ﬁsh consumption in the developed
world (59 pounds) is three times that of people in the
developing world (20 pounds). Fish demand remains
high: An additional 15.5 million tons of ﬁsh will be
required by 2010 just to main
tain current rates of ﬁsh
consumption. Today, 70
percent of the planet’s
marine stocks are fully
exploited or overexploited.
The
number of
people ﬁshing and practicing aquaculture
worldwide has doubled
since 1970. More than 21 million
people are full-time ﬁshers, and 200 million
depend on ﬁshing for their livelihood. Asia
contains the vast majority of the world’s ﬁshers.
In the early 1950s, developed countries took 80 percent of the world’s ﬁsh catch. Today, they take only
36 percent of the catch, while developing countries
take 64 percent.
The technology used to catch ﬁsh and the number
of ﬁsh caught per ﬁsher varies enormously. Modern
ﬂeets are the most environmentally destructive, as
they use enhancements such as airplanes, radios, seaﬂoor maps, and video sonar to track down ﬁsh
schools. Once they have found the ﬁsh, these ﬂeets
use large nets to drag up not only the targeted ﬁsh
but also coral, the seaﬂoor, and around 27 million tons
annually of bycatch-nonmarketable ﬁsh that are killed
and thrown overboard.

To compensate for reduced wild ﬁsh stocks, more and
more ﬁsh are being farmed. Nearly a third of all
ﬁsh for food is harvested from aquaculture. For every
11 pounds of beef grown globally, there are now
41/2 pounds of farm-raised ﬁsh produced. Fish farming causes environmental destruction comparable to
the replacement of rain forest with cattle ranches.
Up to two to three pounds of wild ocean ﬁsh need
to be caught to feed each pound of farmed species.
Thailand, which has one of the biggest aquaculture
industries, has lost half its mangrove forests due
to shrimp farming. Densely stocked salmon farms in
British Colombia, Canada, produce waste (including
fertilizer, efﬂuent, and ﬁshmeal) equivalent to that
generated by half a million people.
Despite these numbers, there is still hope
for the world’s ﬁsheries. Fisheries can
be restored through the adoption of
sustainable ﬁshing practices. With the
proper incentives, ﬁshers can be
encouraged and rewarded in their
effort to sustainably manage marine
resources. For example, partnerships between local communities and scientists in the
central islands of the
Philippines resulted in
the establishment of marine reserves to
help manage overexploited ﬁsheries. The
establishment of no-ﬁshing zones in the
reserves has increased catches in adjacent
ﬁshing grounds. Another solution is to use
the power of the market to encourage
sustainable ﬁshing practices. The Marine
Steward- ship Council together with the World Wildlife Federation and Unilever, one of the largest makers
of ﬁsh products, has developed a certiﬁcation process
that includes a label telling consumers that ﬁsh products came from ﬁsheries certiﬁed as sustainable.

References: The New Internationalist magazine 25, www.newint.org; The United Nations Food and Agriculture
Organization, www.fao.org; and the Environmental News Service, February 2002, www.enn.com

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Fishing Log

Student Name ________________

FISHING FOR THE FUTURE
Ocean Group:

Fishers:

Record your group’s catch and ﬁsh left in ocean after each season:

CATCH

SEASON
High-Value Fish

Medium-Value Fish

FISH LEFT IN OCEAN
Total Catch

1
2
Write a brief description of the status/health of your ﬁshery:

CATCH

SEASON
High-Value Fish

Medium-Value Fish

FISH LEFT IN OCEAN
Total Catch

3
4
Discuss changes in ﬁshing practices or regulations. Are any ﬁsheries in trouble? What did they do and how did
that impact your ﬁshery?

CATCH

SEASON
High-Value Fish

Medium-Value Fish

FISH LEFT IN OCEAN
Total Catch

5
6
Write a brief description of the status or health of your ﬁshery now:

How could you have made your ﬁshing sustainable?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Sharks In Decline
IDEAS FOR THE
INFORMAL SETTING
» To explore the impacts

of overﬁshing, combine
with Facing the Future’s
Fishing for the Future
activity.

» Display actual ﬁshing

equipment along with
the simulations.

OVERVIEW

Students carry out group simulations of common ﬁshing methods and
assess why these methods and sharks’ reproductive biology are together
contributing to a rapid decline in shark populations.

OBJECTIVES

Students will:

» Describe several methods by which sharks are captured.
» Discuss some of the advantages and disadvantages of each method.
SUBJECTS

Mathematics, Science

VOCABULARY

bycatch, conservation, consumer, gill nets, longlines, species, trawl nets

TIME

2 sessions, 1 night for homework

MATERIALS

» Bandanas or other strips of cloth
» 3 Nerf balls or other soft objects that can be thrown safely
» 2 12-foot ropes/clothesline
» 8 to 12 clothespins
» Notebook paper
» 8 or more 7-inch embroidery hoops
» 4 mesh bags or fabric with holes of different sizes (such as bags for
onions, bait, or hosiery)
» Mixture of dry beans (1/4 pound each of lima, pinto, kidney, lentil, and
black beans)
» 4 large (10-inch diameter) plastic containers
» Copies of handouts: Fishing Worksheets A and B (one per student)

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science
Education Standards (Grades 5-8):

» Unifying Concepts and Processes—Evidence, models, and explanation

» Unifying Concepts and Processes—Form and function
Continued...
Sharks In Decline 102

Predators
National Science Education Standards, continued...

» Standard A: Science as Inquiry—Abilities necessary to do scientiﬁc inquiry
» Standard A: Science as Inquiry—Understandings about scientiﬁc inquiry
» Standard C: Life Science—Reproduction and heredity
» Standard C: Life Science—Diversity and adaptations of organisms
» Standard F: Science in Personal and Social Perspectives—Populations, resources, and environments
BACKGROUND
When shark-attack stories make the news day after day, people start to think that sharks are becoming more
aggressive or that their populations are growing. However, sharks are not increasing in numbers or ferocity. In
fact, sharks are suffering signiﬁcant population declines. Scientists estimate that some species of coastal sharks
have declined by between 50 and 75 percent in just the last 20 years.
One reason that shark populations have declined so rapidly is that many common ﬁshing methods accidentally
capture sharks in addition to the targeted ﬁsh. Another reason is that a growing market for meat, ﬁns, and other
shark products has made these ﬁsh a direct target of ﬁshers who previously did not capture sharks, or at least
did not keep them if they were caught.
But these practices might not take such a dramatic toll on sharks if it were not for some basic aspects of sharks’
reproductive biology. Sharks are slow growing, late-maturing animals that do not reproduce very quickly. And
they are extremely susceptible to population declines if large numbers of them are killed. This activity contains
a series of simulations that explore different ﬁshing methods and how they intentionally or unintentionally
lead to the capture of sharks. Then the activity highlights why some ﬁshing methods are so disruptive to shark
populations, particularly in light of sharks’ reproductive biology.

BEFORE YOU BEGIN
1. Before beginning any of the simulations, push desks to the sides of the room, leaving a large open space
in the middle.

2. Gather the materials for the simulations.
3. Copies Charts A, B, C, and D from Fishing Worksheet A onto the board, and make a copy of Fishing Worksheets
A and B for each student.

WHAT TO DO
1. Discuss ﬁshing. Ask students if they have any idea how people catch ﬁsh in the open ocean. Have a few stu-

dents share what they know about the topic, then tell them that you are going to conduct a series of classroom
exercises to show different ﬁshing methods and their effectiveness in catching targeted species.

Sharks In Decline 103

Predators
Write the following list on the board:
a. Hook and line
b. Gill nets and drift gill nets
c. Longlines
d. Trawling

2. Simulation A: Hook and Line
The hook and line ﬁshing method is used by sport
ﬁshers as well as by some commercial ﬁshers. In this
simulation, some of your students are going to be
ﬁshing for yellowﬁn tuna using a hook and line. The
other students are going to be the tuna, sharks, and
other sea creatures. Ask three volunteers to be ﬁshers.
Have the ﬁshers stand aside while you divide the
remaining members of the class as follows:
a. Three to four pairs of students (with arms
linked) = adult tuna
b. Three to four individual students = juvenile
tuna
c. Three to four pairs of students (with arms
linked) = adult sharks
d. Three to four individual students = juvenile
sharks
e. Remaining students = other ﬁsh
Tie a bandana or strip of cloth around the arm of
every tuna. You need not label the other students, but
they should remember what identity they have been
assigned.
Continued...

Now present the rules of the game. The ﬁshers will
have one minute to “ﬁsh” for a tuna from the group.
Since it would not be safe to throw a hook and line
at their classmates, they will “ﬁsh” by throwing the
Nerf ball or other soft object. To make things harder
for the ﬁshers, they have to be touching a desk with a
part of their body when they throw the ball. None of
the ﬁsh may run. Any ﬁsh the ﬁshers hit is considered
“caught,” but if it is not an adult tuna, the ﬁshers
should “throw” the ﬁsh back into the group and toss
the ball again. Have the adult tuna that are caught
stand next to the ﬁshers who caught them. Whichever ﬁsher has caught the most adult tuna when the
minute is over wins the game.
To begin the game, group the ﬁsh in the middle of
the room. Then tell the ﬁshers to begin. As the ﬁshers
catch their ﬁsh, record the results on the board on
Chart A. (Be sure to count every ﬁsh caught, even
if the ﬁsh is thrown back.) You might want to do
another round of ﬁshing if time permits. To do this,
“restock” the waters and select new ﬁshers.
Afterward, have the students copy the results from
the board onto Fishing Worksheet A and analyze the
results. How many ﬁsh were caught that were not
adult tuna? Tell the students that sharks are generally
able to survive when they are caught using a hook
and line and then thrown back. That being the case,
what was the expected total shark mortality in these
simulations? (Answers will vary, but it is unlikely that
many would die.)

3. Simulation B: Gill Nets and Drift Gill Nets
Explain to the students that some commercial ﬁshers
use gill nets to catch ﬁsh in the open ocean. Gill nets
allow the head and gill covers of a ﬁsh, but not its ﬁns
or other parts of its body, to ﬁt through the net holes.
The gill covers get caught in the net and prevent the
ﬁsh from wriggling loose. So any ﬁsh that are larger
at the gills than the holes in the net will get stuck.
Once pulled onto the deck of a ﬁshing boat, the ﬁsh
will quickly die. You might point out that, in addition
to being directly targeted by commercial ﬁshers, a lot
of sharks are accidentally caught in gill nets by ﬁshers
that are targeting tuna.
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Some gill nets are ﬁxed in one place and collect ﬁsh
until they are hauled in. Others are allowed to ﬂoat
through the open water. The ﬂoating gill nets are
called drift nets. Sometimes drift nets get lost and can
ﬂoat for years gathering ﬁsh, and other sea creatures.
To simulate gill net ﬁshing, select one student to be
the ﬁsher. Have that person place the two ropes down
on the ﬂoor to
create three equalsized “lanes.” Then
have that person
secretly designate
one lane to be
where the gill net
will be. (Be sure
the person tells you
which lane he or she has selected before the other
students start “swimming.”)
Meanwhile, divide the rest of the students as follows
(you need not label them, but they should remember
the identity they have been assigned):
a. One-fourth of the students = adult tuna
b. One-fourth of the students = juvenile tuna
c. One student = sea turtle
d. One student = dolphin
e. Two to four students = small ﬁsh
f. One-half of remaining students = adult sharks
g. Other one-half of remaining students = juvenile sharks
Now gather the students at one end of the classroom,
and tell them they have to walk to the other end.
When they reach the ropes, they should continue
down one of the three lanes. Tell them that the ﬁsher
has placed a gill net across one of these lanes, but
since ﬁsh cannot see gill nets, neither can the students. Tell them that they cannot change their lane
once they have selected it.
The marine creatures should “swim” from one end of

the room to the other, and they should stay in their
lanes at the other end of the room. Then have the
ﬁsher announce which lane had the gill net, and have
him or her count up the catch. All the small ﬁsh would
have been able to swim through the netting in the
gill net. The remaining creatures should be considered
caught.
Run through the
simulation again if
time permits, recording both simulations
on Chart B. Have the
students copy the
ﬁgures onto Fishing
Worksheet A, Chart B
and compare with the
results logged on Chart A.

4. Simulation C: Longlines

Explain to the group that longlines are just what they
sound like: long, thin cables or monoﬁlament strands
that stretch as far as 64 kilometers (40 miles) across
the ocean. You can help your students understand by
comparing the distance to a place about 64 km (40
miles away) from your classroom. Tell the students
that on a longline, there is a ﬂoat attached to the
cable every hundred meters (few hundred feet) and
a baited hook every meter (few feet). Longlines are
often used to capture tuna and billﬁsh such as swordﬁsh. But they also unintentionally catch many sharks.
Choose two people to be longline ﬁshers. Give them
one rope, the clothespins, and 10 or more pieces of
paper. Then have them go out into the hall and clip
the paper on the rope in whatever distribution they
want. Tell them that they will learn how to “ﬁsh”
with their longline when they get back into the room.
While the ﬁshers are out of the room, divide the
group as follows (again, you need not label them, but
the students need to remember the identity they have
been assigned):
a. One-fourth of students = adult tuna
b. One-fourth of students = juvenile tuna
c. Two students = sea turtles

Continued...
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What To Do, continued...

d. One student = dolphin
e. One-half of remaining students = adult sharks
f. Other one-half of remaining students = juvenile
sharks
Tell the ﬁsh to stand around the room in any conﬁguration they want. The only thing they may not do is
stand directly behind another ﬁsh. Tell the ﬁsh you
have not yet decided which side of the room (front or
back) the ﬁshers will start from, so there is no point in
bunching up at the back of the class.
Bring the two ﬁshers in and have them stand at the
front or back of the room with their rope stretched
out across the classroom. Explain that the papers on
their longline are meant to represent their baited
hooks. They should hold the rope so that the papers
will pass over the heads of some ﬁsh and brush
against others. Then have them walk slowly down the
length of the classroom, being sure not to shift their
longline just to hit a particular ﬁsh. The ﬁsh may not
duck or shift their bodies to avoid one of the “hooks.”
Every time a ﬁsh is brushed by a piece of paper, that
student should remove the paper. (In real life, once a
hook has caught a ﬁsh, no other ﬁsh can be caught
on it.) Then the ﬁsh that are caught should go to the
front of the room and identify themselves. Repeat
the simulation if time permits. Discuss the outcome of
the ﬁshing, record it on Chart C (with students copying the ﬁgures to Fishing Worksheet A, Chart C), and
compare the results with those recorded on Charts A
and B.

and emptied onto the deck of a ﬁshing boat. Fishers
sort through the catch, throwing back what they do
not want. While trawl nets make it relatively inexpensive to catch lots of ﬁsh, they also catch many
unwanted animals, which often do not survive. Dragging the heavy trawl nets along the ocean bottom
also damages sensitive seaﬂoor habitats.
Organize the class into four teams. Give each team at
least two embroidery hoops with different sized mesh
and a container ﬁlled with beans.
In this simulation, your students will play the part
of shrimp ﬁshers. Tell the students to assume that
the different beans are different species of ﬁsh. Ask
each team to choose one variety of bean to represent
shrimp and another to represent sharks. Remember
that shrimp are quite small relative to most other
marine animals, including mammals, ﬁsh, and other
crustaceans.
The team members should take turns selecting a net
and dragging the net through the beans. After each
turn, have that person count the results of his or her
catch. How many shrimp did that person catch? How
much of the catch was bycatch? Tell the students to
record their results on Chart D and Fishing Worksheet
A. Encourage different team members to try out different size nets, which may mean trading nets with
other teams until they have used all four net sizes.

5. Simulation D: Trawling

Explain that trawl nets are large,
heavy nets that are dropped to the
ocean ﬂoor, and then dragged just
above or along the ocean bottom
to catch shrimp and other ﬁsh. The
nets are then hauled to the surface
Continued...
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6. Discuss simulations. Ask the students if they have
any questions about the simulations. In each simulation: Were they surprised by how many sharks and
other ﬁsh were caught, even though they were not
the targeted species? Explain that this unwanted
catch is called bycatch. Some students may express
dismay that ﬁshers are responsible for killing so many
marine mammals and ﬁsh that they do not use. You
might explain that people are working to minimize
this bycatch, but that it is difﬁcult and expensive to
change common and ingrained practices.

7. Assign Fishing Worksheet B for homework. Use the

worksheets as a means of assessing each student’s
understanding of the concepts (see ASSESSEMSNTS).
Then return the sheets to the students and set aside
a class period to review and discuss the answers.
(Answers to Fishing Worksheet B are provided at the
end of the activity.)

8. Discuss status of sharks. Tell your students that

because of current ﬁshing practices, many kinds of
sharks are experiencing huge population declines. In
fact, scientists estimate that humans kill at least 100
million sharks every year.
What are some ways that people could try to reduce
this number? (Answer: Set limits on shark catches, set
limits on the size of sharks that ﬁshers may catch,
reduce consumer demand for shark ﬁns, or change
ﬁshing methods.)
Why might these changes be difﬁcult to implement?
(Answer: It is hard to rally public concern for sharks;
many sharks move from one country’s waters to
another’s, so ﬁshing limits set by one or two countries
will not guarantee that sharks are protected; current
ﬁshing methods are proﬁtable to the commercial ﬁshing industry, so any changes are likely to be resisted.)

ASSESSMENT
Use Fishing Worksheet B to assess students’ understanding.

Needs Improvement—Provides incomplete or
insufﬁcient answers.

Satisfactory—Adequately answers each question.
Excellent—Provides thoughtful responses to each
question.

EXTENSION
» Have your students look into the reproductive

biology of several shark species. Do sharks reproduce in the same way that other species of ﬁsh
do? Or are sharks’ reproductive habits closer to
those of large mammals? Explain.

CREDIT
Activity adapted from Oceans of Life — An
Educator’s Guide to Exploring Marine Biodiversity,
2003, a resource of World Wildlife Fund’s Windows
on the Wild biodiversity education program. For more
information on WOW please visit www.worldwildlife.org/windows
Note to Teachers: This lesson and others relating to
National Geographic’s Strange Days on Planet Earth
can be found online at www.pbs.org/strangedays/

9. Research shark conservation. As a wrap-up to the
activity, have your students research current efforts
in shark conservation. They should search the Web,
contact environmental organizations, check the newspaper for articles, and so on. Allow students to share
their ﬁndings with the rest of the class.
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Student Handout: Fishing Worksheet A

Student Name ________________

SHARKS IN DECLINE

Record the ﬁshing results for each of the following methods. Circle the types of ﬁsh that were ultimately kept.

Chart A: Hook and Line
Adult Tuna

Juvenile Tuna

Adult Shark

Juvenile Shark

Other Fish

Round 1
Round 2

Chart B: Gill Nets
Adult Tuna

Juvenile Tuna

Adult Shark

Juvenile Shark

Sea Turtle

Dolphin

Juvenile Tuna

Adult Shark

Juvenile Shark

Sea Turtle

Dolphin

Round 1
Round 2

Chart C: Longlines
Adult Tuna
Round 1
Round 2

Chart D: Trawling
Kind of Netting

Targeted Species

Bycatch

Round 1
Round 2

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Fishing Worksheet B

Student Name ________________

SHARKS IN DECLINE

1.

Explain what you think might be the advantages of each of the following ﬁshing methods.

a. Hook and line
b. Gill nets
c. Longlines
d. Trawling

2.

What do you see as the disadvantages of each of the following methods?

a. Hook and line
b. Gill nets
c. Longlines
d. Trawling

3.

Most sharks reproduce slowly, producing small numbers of young at a time and maturing quite
late in life-more like elephants or humans than cockroaches or rabbits. Why might some ﬁshing
methods, such as using drift nets and longlines, present particular problems for many shark species,
whether they are caught intentionally or accidentally?

4.

In recent years, many sharks that were caught accidentally were dumped back into the sea-dead
or alive. Now, because of the rising popularity of shark-ﬁn soup, many ﬁshers are cutting off the sharks’
ﬁns and then dumping the sharks back into the ocean, condemning them to a certain death. What
do you think of this practice?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Educator Page: Answers To Fishing Worksheet B
SHARKS IN DECLINE

Note: Answers will vary according to simulation results.

1.

Advantages of hook and line: Does not require extremely expensive equipment, better able
to catch target species. Advantages of gill nets, longlines, and trawls: They catch many more
ﬁsh and require less labor and precision

2.

Disadvantages of hook and line: Requires a lot of human labor and is time intensive.
Disadvantages of nets, longlines, and trawls: They catch species indiscriminately so they

accidentally kill many unwanted species, although the size of openings in the nets’ mesh and the
types of hooks used can help make these methods more selective. In fact, in some areas, up to half
of the bycatch consists of sharks. Also, gill nets and longlines can get lost at sea and will continue
catching and killing ﬁsh and other marine creatures. When trawling is done along the ocean ﬂoor,
it destroys ocean habitat.

3.

Because nets and longlines catch sharks of all ages, they catch many immature
females-females that have never had a chance to reproduce. For example, if a female dusky shark is
caught before she is 22 years old, she will not have had the opportunity to produce any offspring.
What’s more, those sharks that do reach reproductive age do not produce many young at a time, so
populations cannot easily bounce back from heavy ﬁshing tolls.

4.

Answers will vary. Some students may point out that cutting off the ﬁns can give ﬁshers some
monetary reward for catching a shark and that it is less wasteful than throwing back a dead shark
without using any part of it. Others may think that it is still wasteful to use so little of a shark and
may point out that ﬁnning only increases the total number of shark deaths and encourages the market
in illegal trade. Some students may point to the cruelty of throwing a mortally wounded animal back
into the sea to suffer and die.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Troubled Waters

Wonderful Watershed
IDEAS FOR THE
INFORMAL SETTING
» As an alternative, this

activity can be done on
a smaller scale with students creating individual
watersheds using paper
bags and water-soluble
markers.

» Check

www.scorecard.org to
search by zip code for
information on local
water pollution problems.

OVERVIEW

Transform a tarp into a model watershed to explore how different pollutants affect water quality.

OBJECTIVES

Students will:
» Deﬁne the concept of watershed.
» Describe how factors upstream can affect water quality downstream.

SUBJECTS
Science

VOCABULARY

fertilizer, groundwater, nonpoint source pollution, point source pollution,
watershed

TIME

1 session

MATERIALS

» Topographic map of local watershed
» 1 large plastic tarp
» Stools, chairs, and/or boxes for creating a watershed
» 5 to 7 large spray bottles ﬁlled with water
» Several colors of food coloring
» 1 cup of dirt
» 1 cup of sand
» Sponges or nylon mesh scrubber
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Troubled Waters
NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):
» Unifying Concepts and Processes—Systems, order and organization
» Unifying Concepts and Processes—Evidence, models, and explanation
» Standard D: Earth and Space Science—Structure of the earth system
» Standard F: Science in Personal and Social Perspectives—Personal health
» Standard F: Science in Personal and Social Perspectives—Natural hazards
» Standard F: Science in Personal and Social Perspectives—Populations, resources, and environments
» Standard F: Science in Personal and Social Perspectives—Risks and beneﬁts

BACKGROUND
Streams, rivers, lakes, and wetlands ﬂow in networks that, with the lands surrounding them, form watersheds.
Watersheds collect water on Earth’s surface and help to slow the drainage of that water to underground storage
and the oceans. They also help to control ﬂooding. Watersheds
have a vital role in making freshwater available to all living
things, including people.
Paving, building, and removing vegetation inhibit the ability
of watersheds to replenish the fresh water supply and prevent
ﬂoods. Human activities within watersheds also contribute to
pollution of water supplies. Pollutants can be damaging to
ecosystem stability and to human health. The sources of water
pollution can be divided into two categories: point sources and
nonpoint sources.
Point sources include facilities like sewage treatment plants
and factory discharges. They can be identiﬁed readily and can
be managed. Since the passage of the Clean Water Act in 1972,
signiﬁcant improvements have been made in reducing point
source pollution.
Nonpoint source pollution is harder to pinpoint and harder to
control. Nonpoint pollution comes from many different places
and includes excess fertilizers from lawns and farms, sediments
from construction sites and forestry operations, leaks from
landﬁlls, hazardous dump sites, septic tanks, underground storage tanks, oil from roads, ash from burning fuels, overﬂows
from city sewers, and animal wastes.
This activity is designed to demonstrate how watersheds are
affected by point and nonpoint source pollutants and to motivate students to explore ways to prevent water pollution.
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Troubled Waters
BEFORE YOU BEGIN
Select a location outside. Create a large model of a watershed by draping the tarp across stools, chairs, and
other objects. Try to create several valleys, ridges, and coves. If possible, determine where your selected region
of interest will be located on the model (its relative position at the top, in the middle, or towards the bottom of
the watershed). Place a white bowl at the bottom of the watershed so students will be able to see the collected
water, with its mix of food coloring, sand, and soil.

WHAT TO DO
1. Introduce the concept of watershed. Look at your local watershed map and ﬁnd your location within the
watershed.
2. Explain that the tarp broadly represents a watershed. Point out where your region will be located within your
watershed. Ask students to predict what will happen if it were to rain on your model watershed.
3. Have the students use the spray bottles to spray the tarp, creating “rain” on the model. Remind them to spray
over the top of the tarp, not directly on it. Compare results to students’ predictions; ask them to note where the
water collects and travels down the model. Compare this to such geographic features as streams, rivers, and lakes.
Point out any ridges that divide the tarp landscape into different watersheds.
4. Review what happens to precipitation that falls on land. Look at how much water has been collected in the
white bowl and discuss how water may ﬂow over land to streams, rivers, and ultimately to lakes and oceans. It
may also seep into the soil, where it is stored as groundwater. Be sure to include mention of how vegetation and
wetlands slow the ﬂow and allow water to be absorbed into the ground.
5. Introduce the fact that water ﬂowing over land might also pick up pollutants from different sources. Ask for a
few examples. Discuss risks associated with water pollution.
6. Explain the terms point source and nonpoint source pollution. Have the students brainstorm examples of
point source pollution. (Answers might include factories and sewage treatment plants.) Choose one color of food
coloring to be “point source pollution” and have a student carefully place several drops of food coloring on one
spot of the tarp. This color represents a chemical pollutant that can be traced back to its original source.
7. Have the students brainstorm examples of nonpoint source pollution. (Answers might include fertilizer runoff,
street runoff, and animal waste products.) Be sure that students understand that most water ﬂowing over streets
and into storm drains is not treated before it reenters the watershed system. Choose a different color to represent
nonpoint source pollution and have students place drops of their color on many different locations across the
tarp. These spots represent pollutants that cannot be traced readily back to a particular spot.
8. Explain that another source of pollution is sediment. Have the students brainstorm sources of sediment
pollution. (Answers might include construction sites and agricultural ﬁelds.) Have the students add some sediment
sources to the watershed model by sprinkling dirt and sand on different locations across the model.
Continued...
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9. Have the students spray the tarp again, remembering to simulate rainfall by spraying above the tarp, and
watch where the pollutants go. Ask them to think about what is happening to the water in the lower part of the
watershed. How would water pollution impact where you live?
10. Explain that wetlands and other vegetation slow the ﬂow of water and help prevent erosion as well as reduce
the amount of pollutants. Simulate wetlands by placing sponges at two or three key points on the tarp.
11. With the added wetlands, set up the same scenario with food coloring, sand, and soil and re-spray the
tarp. Is there a difference in the quality of water that travels downstream? How do wetlands affect water ﬂow
and quality?
12. Discuss other control methods for managing water pollution, such as sewage treatment and point source
regulations.
13. Brainstorm ways to help prevent water pollution.

ASSESSMENT
Have students write a descriptive story of the movement of a drop of water in their watershed. It should
include examples of point source pollution, nonpoint
source pollution, and sedimentation.

Needs improvement—Story is vague or incom-

Excellent—Story describes the movement of water

through a watershed, includes references to cities and
locations upstream and downstream in the watershed,
and cites at least one example each of point source
pollution, nonpoint source pollution, and sedimentation.

plete or does not include examples of point source
pollution, nonpoint source pollution, and sedimentation.

Satisfactory—Story generally describes the move-

ment of water through a watershed and cites at least
one example each of point source pollution, nonpoint
source pollution, and sedimentation.

EXTENSION
» Participate in a storm drain marking project that
alerts your community about runoff pathways
into watersheds, oceans, etc.

Wonderful Watershed 115

Troubled Waters
MORE INFORMATION
For an excellent resource on the importance of watersheds visit The Center for Global Environmental
Education Waters to the Sea Web site and awardwinning CD:
www.cgee.hamline.edu/waters2thesea/Chattahoochee/
For additional exercises on watersheds visit the Academy of Natural Sciences in Philadelphia’s Web site:
www.acnatsci.org/education/skytosea/watershed2.html

CREDIT
Revised by the North Carolina Museum of Natural Sciences.
PHOTO CREDITS: LIZ BAIRD AND TIERNEY THYS.
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Grab a Gram
IDEAS FOR THE
INFORMAL SETTING
» Part II and Part III may be

OVERVIEW

Students use familiar materials to gain an introduction to basic water
quality measurement like parts per million (ppm) and milligrams per liter
(mg/L). Students compare these measurements to national drinking water
standards to determine toxicity levels of a contaminant.

instructor led.

» Display common

items/solutions of various weights and concentrations.

(Note: National reforms in teaching the metric system call for students
to use the metric system exclusively, without converting from the English
system. This practice is applied in this activity. If conversions from English
units to metric are needed, please search the Internet for conversion
calculators). www.sciencemadesimple.com/conversions.html

OBJECTIVES

Students will:
» Determine whether drinking water contaminants are always visible.
» Use common objects to determine the relative size and weight of
one gram (g), one milligram (mg), and one microgram (µg).
» Calculate metric conversions from common water quality measurements.
» Describe the relationship between common units of water quality
measurement — mg/L, ppm, ppb.
» Compare common water contaminant measurements with maximum allowable levels.

SUBJECTS

Chemistry, Environmental Science, Earth Science, Life Science, Health Science, Social Studies, Mathematics, Metrics

VOCABULARY

Atrazine, concentration (of a solution), consumer, fertilizer, contaminant,
drinking water standards, toxicity

TIME

Preparation: 30 minutes
Activity: 50 minutes
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MATERIALS

» Items that weigh about one gram (sugar packet, raisin, paper clip, etc.)
» Items that weigh more and less than one gram (staple, clothespin, pen, etc.)
» One liter bottle ﬁlled with water (one per group) (Optional: only one bottle needed if conducted as a
demonstration)
» Approximately one kilogram (2.2 pounds) of sand, sugar, or salt (one per group) (Optional: only one
kilogram needed if conducted as a demonstration)
» Business card with at least 25 tiny pieces cut out of it (Optional: business card cut into 1000 equal pieces)
» Copies of handouts: Water Quality Measurement Worksheet (one per student) and Comparison of International Drinking Water Guidelines (one per student)

NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):
» Unifying Concepts and Processes — Constancy, change, and measurement
» Standard A: Science as Inquiry — Abilities necessary to do scientiﬁc inquiry
» Standard A: Science as Inquiry — Understandings about scientiﬁc inquiry

BACKGROUND
The effort to keep clean, healthy, drinkable water
dates back to the Roman Empire when it was illegal to
dump garbage in cisterns or to place a furnace, tannery, slaughterhouse, or cemetery within 25 meters
of a well. Today, US cities and towns have drinking
water treatment plants that monitor water quality
daily. Every drinking water treatment plant produces
an annual Consumer Conﬁdence Report (CCR) which
documents the average measured levels of each
contaminant — chemicals, metals, or other substances
that pollute water. CCRs are available to all consumers
and are often printed in local newspapers and on the
Internet at www.waterhistory.org.

CONVERSIONS REFERRED TO
IN THIS ACTIVITY:
» 1 kilogram (kg) = 1000 grams (g)
» 1 gram (g) = 1000 milligrams (mg)
» 1 kilogram (kg) = 1 million milligrams (mg)
» 1 kilogram (kg) = 1 billion micrograms (µg)
» 1 milligram (mg) = 1000 micrograms (µg)
Concentrations:
» 1 gram/L = 1 part per thousand (ppt)

Contaminants are measured to ensure that their con» 1 milligram/L = 1 part per million (ppm)
centrations — the mass of chemical per unit volume
» 1 microgram/L = 1 part per billion (ppb)
of water — do not exceed the Maximum Contamination Level (MCL) established by the US Environmental
Protection Agency (USEPA). It is important to monitor
these contaminants because in parts of the country certain contaminants have caused health problems when they
exceeded the MCL. Concentrations of contaminants can vary widely, and some are simply far more harmful, or
toxic, than others, even at very low concentrations (e.g., arsenic, lead, mercury, cyanide). Some contaminants that
Continued...
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pose less risk to human health are called secondary MCLs. These include iron, ﬂuoride, and aluminum. Though
secondary MCLs are not federally regulated, many are regulated by state laws.
Most water quality measurements are recorded in milligrams per liter (mg/l), or the number of milligrams of
a contaminant that are present in one liter of water. One milligram per liter (mg/l) is equal to one part per
million (ppm) because one liter of water weighs 1000 grams and one milligram is one one-thousandth of a
gram. Therefore, there are 1,000,000 milligrams in one liter of water, and each of those milligrams equals one
part per million.
Even smaller in concentration, a microgram per liter of water is one one-thousandth of a milligram per liter,
and can be expressed as micrograms per liter, or µg/L. It is also equivalent to one part per billion (ppb). One
ppb is 1,000 times a part per million.
Concentrations measured in ppm and ppb are so small that they can be difﬁcult to conceptualize. Try these
relative concentrations to help your students visualize them.
» One part per million is equal to one minute in two years.
» One part per billion is equal to one minute in 2000 years.
(Water on the Web, 2001)

BEFORE YOU BEGIN
1. Make one copy per student of the Water Quality Measurement Worksheet and the Comparison of International Drinking Water Guidelines.
2. Cut 25 tiny pieces from a business card.

WHAT TO DO
Warm up:
1. Show students a glass of clear water. Ask them if there are chemical or biological contaminants in the water
even if they cannot see them. If students maintain that there may be contaminants in the water that they cannot
see, ask them how to determine if there are contaminants in the water. Make a list of their answers.
2. After all answers are given, explain that water can be tested to determine if contaminants are present. These
tests involve measurements of very small amounts of contaminant. The most common unit of measurement in
such a case is milligrams per (mg/l). Inform students that they will investigate common water quality measurements in this activity.

Continued...
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Part I:
1. Ask students to think about and predict the weight
of several objects in the classroom. Have students
record their predictions. If a scale is available, record
the weight in metric units and compare them to students’ predictions. (Some metal folding chairs weigh
about 4½ kilograms. A new wooden pencil weighs
about seven grams.)

WEIGHT IN GRAMS OF COMMON ITEMS
Common Item

Weight in Grams

» Thin rubber band

.16

» Thick rubber band

.45

» Small paper clip

.46

» Plastic head thumb tack

.47

» AltoidTM candy

.79

» Business card

1.0

» Large paper clip

1.2

» EqualTM packet

1.2

» Sweet and Low packet

1.3

» Dime

2.3

Part II:

» Penny

3.0

1. Divide students into small groups and distribute a
copy of the Water Quality Measurement Worksheet to
each student.

» Sugar packet

3.1

» Wooden pencil unsharpened

6.9

2. Knowing that a pencil weighs about seven grams,
students should name other classroom objects that
weigh about one gram.
3. Pass around a tray of items, including some that
weigh about the same as, more than, and less than
one gram. Have students try to select the items that
weigh about one gram.

2. Provide each group with a one liter bottle and have them ﬁll it with water.
3. Have students drop an object weighing one gram (e.g., small paper clip, raisin, etc.) into their liter of water. Ask
students what measurement or concentration results from this action. (Answer: one gram in a liter of water, or 1
g/l). Have them record their answer on their worksheet.
4. Have students examine their one gram object, and imagine it sliced into 1,000 pieces. Prior to this step, cut
25 tiny pieces from a business card (business card weighs approximately one gram), telling the students that
you were “up all night painstakingly cutting a business card into 1,000 equal pieces.” Distribute a few tiny
specks of paper to each group, informing them as you do, that each speck represents one-thousandth of the
original one gram object.
5. Ask students what measurement each of the tiny specks of paper represents. (Answer: one-thousandth of a
gram, or 1 mg). Have students record their answers on their worksheet.
6. Have students drop one of the specks into the liter of water. What concentration or measurement results?
(Answer: one milligram per liter of water, or 1 mg/l). Ask students to record their answers on their worksheet.

Continued...
Grab a Gram 120

Troubled Waters
What To Do, continued...
Part III:
1. Divide the class into small groups and explain that 1 mg/L can also be expressed as one part per million. The
following activity will demonstrate this concept.
2. Explain the following conversions to the students. One mg/l of water is equivalent to 1 ppm because a
liter of water weighs 1000 grams and a milligram is one one-thousandth of a gram. You may notice students
struggling to understand these conversions, so explain that they will now be able to demonstrate this concept
for themselves.
3. Give each group one kilogram of sand, sugar, or salt in a container or in a pile. If you do not have a scale, use a
little less than half of a ﬁve-pound bag (common size) of salt or sugar.
4. Inform the students that the substance weighs one kilogram and ask them to suppose that there are 1 million
grains of the substance in the pile.
5. Instruct students to complete their worksheets for Part III.

UPPER-LEVEL OPTION
» Distribute the Comparison of International Drinking Water Guidelines chart to each group. Have each group
complete the questions with the assumption that their liter of water contains 1 mg/l (1ppm) of substance.

WRAP UP
Review with the students the answers on the worksheets (Answers: Water Quality Measurement Worksheet, Part II: 1. 1g/L; 2. 1 mg; 3. 1 mg/L, Part III: 1. 1;
2. 1 ppm or 1 mg/l)

Challenge students to create an analogy to describe
one of the measurements from the activity (e.g., One
part per million is equal to one minute in two years.)
Share these analogies with the class.

Were students able to successfully identify the correct
measurements? Have students individually write out
the list of measurements and conversions between
concentrations (from kg to units u; from g/l to units
u/l; from ppm to ppb).

Upper Level Wrap Up: Have students discuss the
differences in the allowable concentrations of arsenic,
copper, nitrates, and sulfates in drinking water. What
relationships exist between the concentration of a
drinking water contaminant and the toxicity of the
contaminant (risk to human health)?
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ASSESSMENT
Have students:
» determine whether drinking water contaminants are always visible and apparent. (Warm
Up)
» complete the worksheet provided (Part I, Part
II, Part III)
» use common objects to determine the relative
size and weight of one gram, one milligram, and
1 microgram (Part I, Part II, Part III).
» calculate metric conversions related to common
water quality measurements (Part II, Part III).
» describe the relationship between common
water quality measurement units—mg/l, ppm,
ppb (Part II, Part III).

Needs improvement—Student fails to answer or

answers incorrectly more than half of the worksheet
questions. Student cannot provide at least one example or calculation per assessment question.

Satisfactory-—Student correctly completes at least
two-thirds of the worksheet questions and provides
at least one example or calculation per assessment
question.

Excellent—Students correctly completes the work-

sheet questions, provides at least one example or calculation per assessment question. Student creates an
analogy to describe one of the measurements from
the activity.

» compare measurements of common water quality contaminants with allowable maximum
contaminant levels of those contaminants
(Upper-Level Option).

EXTENSIONS
» Have students investigate their own city or
town’s drinking water quality by obtaining a
local Consumer Conﬁdence Report (CCR). Once
obtained, compare the average local contaminant level with the Maximum Contaminant Level
(MCL) for the contaminants studied in this activity.
» Have students research the different measurements used for nitrates in the Comparison of
International Drinking Water Guidelines chart.
What is the difference between 10.0 mg/l as N
and 50 mg/l as NO3?
» Search the Web sites that contain Consumer
Conﬁdence Reports for your town or for the
closest large city. Investigate any other pertinent
information about measurement of water quality contaminant levels. Visit the USEPA Web sites
for a complete list of MCLs in the US

» Have students visit Water on the Web at
www.nrri.umn.edu/wow/under/units.html
» Challenge students to ﬁnd different ways of
expressing ppm and ppb using rations of
common items.
» Use Healthy Water, Healthy People Testing Kits,
which include all materials and equipment
needed for ﬁeld and classroom analysis of
water samples for chemical, physical, and biological parameters. Healthy Water, Healthy People
Testing Kits are available for a variety of
parameters, grade levels, skills, and prices. Each
Healthy Water, Healthy People testing kit
package includes the Water Quality Educators
Guide, a testing kit, the Healthy Water,
Healthy People Testing Kit Manual containing
detailed background information, testing kit
activities, and a case study for each parameter.
www.healthywater.org/testingkits.html
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MORE INFORMATION
Water on the Web. 2005. Advanced technologies
and real-time data in basic and water science
waterontheweb.org/

CREDIT
From Healthy Water, Healthy People Water Quality
Educators Guide. For more information, visit
www.healthywater.org or call 866-337-5486 (toll free).

Books, Articles, and Videos
» Barzilay, J.I. et al. The Water We Drink: Water
Quality and its Effects on Health. Piscataway: NJ
Rutgers University Press, 1999.
» Water Analysis Handbook. Loveland: Hach Company, 1997.
» Harte, J. et al. Toxics A to Z: A Guide to Everyday
Pollution
» Hazards. Berkeley: University of California
Press,1991
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Student Handout: Water Quality Measurement Worksheet
GRAB A GRAM

Student Name ________________

PART I
1. Predict the weights of several objects found in the classroom.

PART II
1. Drop a one gram object into your liter of water. What measurement or concentration results?
2. The instructor distributed tiny specks of paper and each was said to represent one-thousandth of a gram. What
is another way to refer to this measurement?
3. Drop one of the specks into your liter of water. What measurement or concentration results?

PART III
1. The one kilogram of substance before you contains 1 million grains. Grab one grain of the substance. How
many parts per million (ppm) of the substance do you hold?
2. Drop the grain into your liter of water. What concentration of the substance results from this? (Hint: You can
express it two ways — as ppm or as mg/l.)
3. To convert ppm to ppb, grab another grain of substance. Imagine this grain of substance sliced into 1000
pieces. Using a pen, touch the ink in the space below to get the tiniest speck of ink possible. Have a contest
between the members of your group to see who can make the tiniest speck. Let this speck represent 1 µg (even
though a µg is actually much smaller than this speck), which is 1,000 times smaller than a mg.
Speck of ink ____________________________________
One µ/L is equal to 1 ppb. Some contaminants (e.g., arsenic, Atrazine) can present health risks in such small
amounts that they are often measured in ppm.

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Comparison of International
Drinking Water Guidelines
GRAB A GRAM

Student Name ________________

Refer to the Comparison of International Drinking Water Guidelines chart and answer the questions below:
1. Is 1 mg/l an acceptable level of:
a. Arsenic in US drinking water according to the Environmental Protection Agency? ____________________
b. Arsenic in drinking water according to the World Health Organization (WHO)? ____________________
c. Copper in US drinking water according to the Environmental Protection Agency? ____________________
2. Gather grains of a substance until you have a mixture of 11 mg/l. Is this an acceptable level of:
a. Sulfate in the drinking water of Canada? ____________________
b. Nitrates in the drinking water of the US? ____________________
c. Nitrates in the drinking water of Canada? ____________________

COMPARISON OF INTERNATIONAL DRINKING WATER GUIDELINES
Contaminant

USEPA

Canada

World Health
Organization

Potential Health Effects

Sources of Contamination

Arsenic

0.05* mg/L 0.025 mg/L 0.05* mg/L
(50 ppb)
(10 ppb)
(50 ppb)

Skin damage, circulatory
system problems, risk of cancer

Erosion of natural deposits,
runoff from glass and
electronic production wasters

Copper

1.3 mg/L

1.0 mg/L

1-2 mg/L

Short term exposure:
Gastrointestinal distress
Long term exposure:
Liver/kidney damage

Corrosion of household
plumbing systems, erosion
of natural deposits

Nitrates

10.0 mg/L
as N

10.0 mg/L
as N

50 mg/L as NO3

"Blue Baby Syndrome":
in infants under 6 months —
life threatening without
immediate medical attention

Runoff from fertilizer use,
leaching from septic tanks or
sewage, erosion of
natural deposits

Sulfates

250 mg/L

500 mg/L

250 mg/L

Gastrointestinal effects

Burning fossil fuels leads
to atmospheric deposition

Adapted from: Water Analysis Handbook. Hach Company. Used with permission.
*On February 22, 2002 the USEPA established new arsenic drinking water guidelines for lowering the arsenic from 50 MCL to 10 ppb; the date
by which drinking water treatment systems must conform to the new 10 ppb standard is January 23, 2006.

To learn more, visit us online at http://www.pbs.org/strangedays/
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The F-Files
IDEAS FOR THE
INFORMAL SETTING
» Incorporate live animal
presentations

» Suggest the research

component as in-class
follow up

» Look for connections to

exhibits in which scientiﬁc research is reported

» Develop the content into
a theatrical presentation

» Combine with local ﬁeld
investigations. Check
www.scorecard.org to
search by zip code for
information on local
environmental issues

OVERVIEW

Explore the connection between toxic chemicals and living things as you
read a comic strip about an investigation of frogs in Minnesota.

OBJECTIVES

Students will:
» Explain some of the ways biodiversity can be affected by toxic
chemicals and other environmental threats.
» Research environmental health topics using books, journals, interviews, and the Internet.
» Produce a summary and position statement on an environmental,
health-related research topic.

SUBJECTS

Science, Social Studies

VOCABULARY

ecotoxicology, pesticide, environmental health, fertility, global warming,
hormones, indicator species, infertility

TIME

2 sessions, plus research time

MATERIALS

» copies of handouts: The F-Files comic strip (one per student) and Get
on Your Case! (one per student)
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NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):
» Unifying Concepts and Processes—Evidence, models, and explanation
» Unifying Concepts and Processes—Constancy, change, and measurement
» Unifying Concepts and Processes—Evolution and equilibrium
» Standard A: Science as Inquiry—Abilities necessary to do scientiﬁc inquiry
» Standard A: Science as Inquiry—Understanding about scientiﬁc inquiry
» Standard C: Life Science—Structure and function in living systems
» Standard C: Life Science—Reproduction and heredity
» Standard C: Life Science—Regulation and behavior
» Standard C: Life Science—Populations and ecosystems
» Standard C: Life Science—Diversity and adaptations of organisms
» Standard D: Earth and Space Science—Structure of the earth system
» Standard F: Science in Personal and Social Perspectives—Populations, resources, and environments
» Standard F: Science in Personal and Social Perspectives—Natural hazards
» Standard F: Science in Personal and Social Perspectives—Risks and beneﬁts
» Standard F: Science in Personal and Social Perspectives—Science and technology in society
» Standard G: Science in Personal and Social Perspectives—Science as human endeavor
» Standard G: Science in Personal and Social Perspectives—Nature of Science

BACKGROUND
In August 1995, a Minnesota middle school class took a ﬁeld trip to a farm in the south-central part of the state.
While hiking, the students tried to catch the frogs that they saw on the trail. One of the students caught a frog
with only one leg. Other students caught frogs with deformed legs, eyes, and other parts. In fact, half the frogs
they caught had some kind of deformity.
Because of what the students found that day, people began investigating the frogs in that area. Since 1995 there
have been high rates of physical deformity in frogs found not only in Minnesota but in many other states as well.
In fact, there have been deformed amphibian ﬁndings in many parts of the world. No one knows exactly what
is causing the deformities. But many scientists believe the frogs are being affected by contamination of the air,
water, and/or soil. These researchers wonder: If frogs are being affected now, could humans be next?
The connection between environmental health and human health is a new, complex area of study called ecotoxicology. Your students may be familiar with some environmental health issues that have received a lot of media
attention — for example, the link between air pollution and respiratory problems, or the links between ozone
depletion, increased UV radiation, and skin cancer. But your students might not know about the wide variety of
Continued...
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environmental concerns — everything from global warming
to pesticide use to household chemicals — that scientists are
researching today to ﬁnd out about their effects on human
health. The frogs in Minnesota show that humans are not the
only ones whose health may be affected by changes in the
environment. Some scientists think other species of animals
and plants are even more vulnerable than humans. But what
creates health problems for wildlife could very well create
health problems for humans, and vice versa. In addition, since
living things are connected in the web of life, if one species
declines because of environmental contamination, the effects
are likely to be felt by many other species in the ecosystem.
The ﬁeld of ecotoxicology presents more questions than answers. This activity is designed to guide your students
on an open-ended investigation of environmental health topics. Introduce them to the F-Files, then set them off
to ﬁnd out what is happening with the health of frogs, people, and lots of other creatures across the planet.

BEFORE YOU BEGIN
1. Make copies of The F-Files comic strip, keeping the two parts on separate sheets of paper. Hand out only
the ﬁrst page at the beginning of the activity. Then hand out copies of the second page halfway through the
activity.
2. Make copies of Get on Your Case! for each team.

WHAT TO DO
1. Pass out the ﬁrst page of The F-Files comic strip. Tell the students
that the comic strip you are passing out is based on a real unsolved
mystery. Have them read it to themselves. Then ask one or two volunteers to summarize what Agents Croaky and Hopper of the Bureau of
Scientiﬁc Investigation (BSI) are investigating.
2. Ask students the following Questions for the Class. Be sure to let
the students know that there is no single correct answer to any of the
questions. Record their suggested answers on the board.
Questions for the Class
a. If you were Croaky and Hopper, what sorts of questions would you ask in order to begin your investigation? (Answers may include the following: When did the changes begin? What other changes related to the
environment or human activity occurred at that time? Have changes occurred in other types of animals?)
b. If you were Croaky and Hopper, where would you begin looking for clues to solve this mystery? What
would you ask a laboratory team at headquarters to analyze? (Answers. Check contaminant levels in the air,
water, and soil-samples checked against records of historical data may show changes in air and water quality
Continued...
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and contamination in the soil-check for contaminant levels in the frogs themselves; look for high densities of
parasites in the water; and so on.)
c. How might the problems with the frogs affect other plants and animals? (Answer: The problems affecting
the frogs could be affecting both the animals that eat the frogs and whatever the frogs eat; the problems
affecting the frogs could be affecting other species, too, and so on.)
3. Pass out the second page of The F-Files comic strip, and have the students read it. After the students have
ﬁnished, discuss the comic strip. Ask the students if the scientists at the Bureau of Scientiﬁc Investigation agreed
on the cause of the frog deformities. What were some of the different explanations the scientists provided? Did
all of the theories sound equally credible? Which explanations sounded most likely? Why?
Encourage the students to follow their hunches when choosing a theory that sounds the most plausible. Also
point out that it is important to evaluate the sources of the scientists’ information. International Tabloid, for
example, does not sound like a credible journal. Explain to the students that whenever they hear conﬂicting
information about a topic, they should ﬁnd out the sources of the information and assess how well respected
those sources are.
4. Introduce the topic of environmental health. Explain to the students that the investigation of frog deformities
is one of many areas of research in which scientists are looking at possible connections between environmental
changes and the health of wildlife, plants, and humans. Ask the students if any of them can name illnesses that
are thought to be tied to environmental problems. If you need to jump-start students’ thinking, suggest that
they consider such conditions as asthma, cancer, and birth defects. Then ask students to think about how these
illnesses may be connected to environmental quality. As students name connections, ask them if they know
whether the links are proven or suspected. Where did they get their information?
5. Pass out copies of Get on Your Case! Tell the students that there are many
things scientists still do not know about the links between the state of the environment and the health of living things. But there are a lot of ideas out there
— some more fully researched than others. Explain that you have passed out a
list of topics that are currently being investigated by people all over the world.
Using magazines, newspapers, books, and the Internet, the students’ job is to
try to collect as much information as they can on one of the topics. Remind
them to look hard at the credibility of their sources. They will need to be
especially careful to scrutinize Web sites — even a site with an ofﬁcial-sounding
name might be nothing more than one amateur’s unsubstantiated ideas.
Organize the class into teams of two or three students. Then allow each team
to pick one of the topics. More than one team can pursue the same topic, but
encourage the teams to investigate as many of the alternatives as possible.
Explain that they should do their best to answer the questions listed under
their case descriptions.

Continued...
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Give the students several days in class or after school to conduct their research. They should use the school’s
library and computer lab (for Internet access) for information. Encourage students to illustrate their research
with graphs, charts, maps, and other visual resources, as scientists and geographers do, to make concepts easier
to understand. This not only adds a bit more challenge to the students but also makes their presentations more
interesting.
6. Have a group reporting session. When the students have ﬁnished their investigations, have them share their
results with the class. Each team should describe the topic it investigated, explain the research methods it used,
and describe the results of its research.
7. Discuss connections. Afterward, see if any teams can name connections between their area of study and that
of one or more of the other teams. As they cite connections, have the students keep a list of the relationships, or,
if possible, record a complete web of interrelationships on the board. Finish the discussion by asking the students
if they have any ﬁnal reﬂections on their investigations. You may want to re-emphasize that there are many
complex interrelationships among living things as well as between living things and the physical environment.

ASSESSMENT
The students’ reports should serve as one means of assessment. In addition, interview the students, individually or
in groups, asking the following questions about their reports. (You can also have them write answers to the questions.)
a. How did you conduct your search for
information?

Needs improvement—The student cannot adequately answer the questions.

b. Which sources were the most valuable and why?
c. What were indicators of bias in the materials you
examined?

Satisfactory—The student is able to address each
question on a satisfactory level.

Excellent—The student is able to fully address the
questions and provide in-depth answers.
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EXTENSIONS
» Have the students turn their own investigation into a comic strip that is in The F-Files style. They should feel
free to turn themselves into ﬁctional investigators and play up the dramatic elements of their research.
» Have your students conduct their own amphibian survey to monitor amphibian deformities in your area.
They can visit the North American Amphibian Monitoring Program Web site at www.pwrc.usgs.gov/naamp/.
They can also visit the North American Reporting Center for Amphibian Malformations at frogweb.nbii.
gov/narcam/.
» In many areas, poor communities are sometimes exposed to more environmental health risks than their
more afﬂuent neighbors. Have students research environmental justice issues and write a short case study
that highlights one example of the link between poverty and environmental health factors.

MORE INFORMATION
Visit the Center for Global Environmental Education
Web site, “A Thousand Friends of Frogs,” at www.
cgee.hamline.edu/FROGS/index.htm.
Visit the Frog Web site at www.frogweb.gov.
Visit the Minnesota New Country School Frog Project
Web site at mncs.k12.mn.us/frog/.
Visit the Minnesota Pollution Control Agency Web site
at www.pca.state.mn.us/hot/frogs.html.

Books, Articles, and Videos
» Biodiversity! Exploring the Web of Life Education Kit by World Wildlife Fund, Earth Force, and
WQED/Pittsburgh 1997.
» Meersman, Tom. “Conference Provides Update
on Deformed Frog Research”. Star Tribune, 5
Dec. 1997.
» ---. “The Observatory: The Appearance of
Deformed Frogs”. Star Tribune, 25 March 1998.
» Phillips, Kathryn. Tracking the Vanishing Frogs:
An Ecological Mystery, St. Martin’s Press, 1994.

Visit the North American Reporting Center for
Amphibian Malformations Web site at frogweb.nbii.
gov/narcam/.

CREDIT
Activity adapted from Biodiversity Basics — An Educator’s Guide to Exploring the Web of Life, 2003, a resource
of World Wildlife Fund’s Windows on the Wild biodiversity education program. For more information on WOW
please visit www.worldwildlife.org/windows.
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Student Handout: The F-Files (Part 1)

Student Name ________________

THE F-FILES

The BSI base of operations for Agents
Hopper and Croaky.

Why do you think
the Assistant Secretary
wants to see us?

It’s probably another bizarre
case that none of the other
agents can solve.

The agents review the case in their basement ofﬁce…
So Croaky, what have we got?

Here’s a new F-File. You two had better get
hopping on this one.

The land of 10,000 lakes, Croaky. Bigfoot
too…

It looks like we’re headed
to Minnesota…

Bigfoot is in the
Paciﬁc Northwest.
Come on Hopper,
this is real.

The agents arrive at the lake where the
deformed frogs were sighted…
It’s strange, Croaky. There are no
obvious signs of trouble. Have you
found any clues?

It says here that a middle school class out
there found deformed frogs while they
were hiking on a ﬁeld trip. Some have
missing legs, others have malformed legs,
extra legs, or no legs at all…

I don’t know. I think
these frogs are victims of
Maybe. But
we’ll need
to get a
team
together at
the BSI lab
to analyze
these soil
and water
samples.

some terrible conspiracy. Maybe they were
abducted by aliens and

Hopper! Not that alien
thing again! There must be
a scientiﬁc explanation for
this mystery. Let’s get to
work.

returned to Earth
deformed!

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: The F-Files (Part 2)

Student Name ________________

THE F-FILES

Back at BSI headquarters…

The data are compelling - there are so many
postings on this Web site. There’s something
very strange going on.

Croaky, this isn’t just
a local phenomenon.
There are similar
sightings all over the
world!

A meeting is convened of all the top
scientiﬁc investigator frogs.
Ok. Ok. Settle down. Let’s begin by hearing
some explanations for these occurrences.

I think these frogs
were abducted by
aliens!

Hey! That frog knows what
he’s talking about.

Let’s get all the experts together-maybe
they can ﬁgure it out.
It’s quite clear
to me - the
water must be
contaminated!

I think the soil must
be contaminated!

No! It’s UV radiation.

It could be pollution!

Data from university
studies of the local
waterways!

What did you
base your
theories on?

Data from the US Geological Journal!

Data from the Atmospheric Research Institute’s Web site!

Not so fast, Hopper.
Reports from International Tabloid Stratospheric Studies!

Ok. Maybe that last frog
doesn’t know what he’s
talking about.

Order! Order! It seems to me that
even top
scientists
are having
trouble
agreeing
on the possibilities.

It’s clear we won’t solve this case overnight. But
we must keep searching for answers! The truth
is out there - and the health of all plants and
animals is depending on us!

That’s
OK, sir.

We need to start somewhere.
These frogs need our help!

To learn more, visit us online at http://www.pbs.org/strangedays/

The F-Files 133

Troubled Waters

Student Handout: Get On Your Case!

Student Name ________________

THE F-FILES

Now it is your turn to investigate an unsolved mystery. Select one of the cases below and see how well you
can answer the questions.

CASE #1 KILLER VIRUSES
The Ebola virus and other deadly viruses have struck several villages in Africa in the last few decades. Could a
massive outbreak strike the whole world soon?
» Who is doing research on these deadly viruses?
» What books, newspapers, magazines, and movies have dealt with the topic?
» What is a possible connection between these viruses and rain forest destruction?
» What other reasons have been given for why these viruses are becoming more common
and more deadly?

1

» What is your opinion on this topic? Do you think a deadly outbreak is coming? Or do
you think this case is plagued with doubt?

CASE #2 FERTILITY CRISIS
Some scientists think the capacity of wildlife and people to reproduce may be reduced by chemicals in the
environment. The culprit, says scientist Theo Colborn, author of Our Stolen Future, may be chemicals that
mimic female hormones, making some males infertile, and causing other health problems.
» What are the sources of the chemicals Theo Colborn blames for increased sterility?
» Which species are known to have been affected by these chemicals?
» Does anybody disagree with Dr. Colborn’s ideas? Who? What do they say about the topic?
» What kind of research is happening now on this topic?
» What is your opinion on this topic? Are male members of certain species in danger of
becoming sterile?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Get On Your Case!

Student Name ________________

THE F-FILES

CASE #3 GLOBAL WARMING
Many scientists now agree that the world is experiencing a period of global warming. And some say that
it might be causing lots of environmental and health problems - such as increasing the spread of diseases
carried by mosquitoes or rodents and causing some species to become extinct.
» List some of the human health problems linked to global warming. What are your sources for this
information?
» How might the health of other animals and plants be affected by global warming? Who says?
» Who has a different opinion on these issues? What do they believe?
» What are the credentials of the people on different sides of the debate?
» What is your opinion on this topic? Do you think global warming is beginning to cause
global health problems? Or do you think this case is full of hot air?

3

CASE #4 CANARIES IN THE COAL MINE
Some people say that animals that are being hurt by environmental changes are like “canaries in the coal
mine.” As indicator species, these animals may be providing early warnings about what will eventually
happen to other species, including humans, if we do not change our ways.
» Where did the expression “canary in the coal mine” come from?
» Name some of the species that are considered “canaries in the coal mine,” or indicator species. What
environmental changes are their health problems associated with?
» Does anybody disagree with this portrayal? Who?
» What is your opinion on this topic? Do you think threatened animals are indicators of
our future? Or do you think this case is for the birds?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Student Handout: Get On Your Case!

Student Name ________________

THE F-FILES

CASE #5 FROGS REVISITED
You read about the deformed frogs discovered in Minnesota and other parts of the world. Aren’t you curious about the current status of this intriguing case?
» How many different groups can you ﬁnd that are researching frog health? Which countries are
participating?
» What kinds of information are people now getting about the frogs? What problems with frogs have
researchers uncovered?
» List as many different explanations for the frog deformities as you can ﬁnd. What are the sources
of your information?
» What effects might frog deformities have on other species?
» Might humans be affected by the same environmental changes?
» Have any groups said they do not believe there is a frog crisis? Who?
» What is your opinion on this topic? Do you think frogs are suffering from environmental contamination, or does another explanation leap out at you?

5

CASE #6 SHELTERED FROM THE SUN
Have you ever felt sad, or blue, during the cold, dark days of winter? Scientists think these “winter blues”
may be caused when people are not exposed to enough sunlight. In the northern parts of the United
States, many people are trying light therapy to help them overcome this SAD (Seasonal Affective Disorder)
feeling.
» Why does sunlight play an important role in our feeling of well-being?
» What sort of therapy is being tested to help people with SAD?
» Do most scientists believe people are really affected by seasonal changes?
» What is your opinion on this topic? Do you think the sun really inﬂuences our health
and well-being? Or do you think Seasonal Affective Disorder is a sad excuse for the
truth?

To learn more, visit us online at http://www.pbs.org/strangedays/
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Stream Monitoring
IDEAS FOR THE
INFORMAL SETTING
» This activity can be con-

ducted as a one-time
ﬁeld study, or as a
component of an ongoing partnership between
schools, informal education institutions, and
non-governmental organizations.

OVERVIEW

Take action! Take advantage of any of a number of stream monitoring
networks to conduct hands-on study of a local stream or river.

OBJECTIVES

Students will:
» Conduct accurate tests for biological or chemical indicators of water
quality.
» Interpret test ﬁndings.

SUBJECTS
Science

VOCABULARY

abiotic, alkalinity, biotic, dissolved oxygen, indicator species, Secchi disk
transparency, turbidity, watershed

TIME

1 session to extended unit

MATERIALS

» Local watershed map
» Equipment varies with tests selected
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NATIONAL SCIENCE EDUCATION STANDARDS

This activity supports the following National Academy of Sciences Science Education Standards (Grades 5-8):
» Unifying Concepts and Processes—Constancy, change, and measurement
» Standard A: Science as Inquiry—Abilities necessary to do scientiﬁc inquiry
» Standard B: Physical Science—Properties and changes of properties in matter
» Standard C: Life Science—Regulation and behavior
» Standard C: Life Science—Populations and ecosystems
» Standard D: Earth and Space Science—Structure of the earth system
» Standard F: Science in Personal and Social Perspectives—Populations, resources, and environments
» Standard F: Science in Personal and Social Perspectives—Risks and beneﬁts

BACKGROUND
Streams, creeks, rivers, and other waterways are windows to environmental quality. Measuring biotic and abiotic
factors can tell us much about the general health of ecosystems. The small animals living in the water tolerate
pollutants to varying degrees; the presence or absence of such creatures indicates the changing ability of a
waterway to support life. Chemical factors such as dissolved oxygen can also inform us about the quality of
a waterway.
Many programs exist on local, regional, and national levels that support the study of water quality through
stream monitoring. This practice engages students in hands-on scientiﬁc study and, when paired with interpretation of test ﬁndings and implementation of related waterway improvement projects, gives meaning to the study
of the local environment.
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BEFORE YOU BEGIN
1. Contact a local, state, or national stream monitoring program that is active in your area. Some national
programs are listed in the MORE INFORMATION section of this activity. Many of these programs offer curricula,
training, and support.
2. Determine whether you want to conduct a one-time stream study or become a part of a larger data collection
and exchange project. Consider incorporating the stream study into a broader unit of study and select teaching
activities to support the unit.
3. Select the tests you want to conduct from among those recommended by the support program with which you
choose to participate. Possible tests include: habitat survey; stream ﬂow; macroinvertebrates; dissolved oxygen;
biochemical oxygen demand; temperature; pH; turbidity; Secchi disk transparency; phosphorus; nitrates; total
solids; conductivity; total alkalinity; and fecal bacteria. Testing methods are described in many of the resources
listed in the MORE INFORMATION section of this activity; the EPA Web site includes a methods manual.
4. Obtain the equipment necessary to conduct the tests you have selected.

WHAT TO DO
Implementation of this activity will vary widely with the approach selected. You may include a number of
teaching activities to supplement the content, or conduct a one-time study. At minimum, the following broad
steps should be taken, but it is intended that any monitoring effort will be done in concert with instructions and
support provided by an established local, regional, or national monitoring program.
1. Introduce the concept of “watershed.” Look at your local watershed map and ﬁnd your location within the
watershed. Explain that biotic and abiotic factors can tell us much about the quality of water in a stream, and
that these factors can be measured.
2. Demonstrate the testing techniques you will be using.
3. Visit a stream site and conduct tests.
4. Record, graph, and compare results. Discuss what the results indicate regarding water quality in the area.
5. Compare data with that collected at other times at the same or nearby sites.
6. Interpret the data and develop plausible explanations for the results.
7. Discuss community actions that might contribute to any issues indicated by the data.
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ASSESSMENT
Varies with the scale of the program, tests conducted, and type of service-learning project.

MORE INFORMATION
Adopt-A-Watershed is a K-12 school-community
learning experience using a local watershed as a living
laboratory in which students engage in hands-on
activities, making learning applicable and relevant
to their lives. The program engages students at each
grade level in ﬁve important elements: applying science concepts directly to a local watershed; monitoring local watersheds through ﬁeld studies; restoring
watersheds through community needs-based projects;
educating through community action projects; and
reﬂecting upon concepts learned and contributions
made to the community. Professional development
and consulting services that focus on educational
practices, leadership, cultural competency, educational
resources, and networking are available. Learn more
about Adopt-A-Watershed at www.adopt-a-watershed.org.
GREEN (Global Rivers Environmental Education
Network) helps young people protect the rivers,
streams, and other vital water resources in their
communities. This program merges hands-on, scientiﬁc learning with civic action. GREEN resources and
publications, including the curriculum Protecting Our
Watersheds and water quality monitoring equipment, are available to educators across the country.
GREEN training and support for educators is available
through ofﬁces, afﬁliates, and partners. The program
includes mechanisms for electronically storing and
sharing data with other program participants. GREEN
is a program of Earth Force. Learn more about the
GREEN program at www.green.org.
Save Our Streams (SOS) is a national watershed
education and outreach program sponsored by the
Izaak Walton League of America. For more than 30
years, the Save Our Streams (SOS) program has developed innovative educational programs for groups and
individuals. SOS has educated and motivated citizens
to clean up stream corridors, monitor stream health,
restore degraded stream banks, and protect dwindling

wetland acreage. These important watershed stewardship activities have been implemented nationally
through SOS and in communities across the country
through the League’s more than 300 local chapters.
Resources and materials are available. Learn more
about Save Our Streams at www.iwla.org/sos.
National Directory of Volunteer Environmental
Monitoring Programs.
The US Environmental Protection Agency maintains a
directory of volunteer environmental monitoring programs established throughout the country. Programs
operate on local, state, and national levels and are
searchable by location. Basic descriptions and contact information are included for each program. The
Web site also offers fact sheets, a methods manual,
and other useful resources developed by the EPA. For
more information on volunteer monitoring programs,
see www.epa.gov/owow/monitoring/volunteer.
Acorn Naturalists.
Low-cost test kits and stream monitoring equipment
are available through the Acorn Naturalists catalog
and Web site at www.acornnaturalists.com/store/.
Go Global
World Water Monitoring Day.
Compare the data you collect to those being gathered
across the entire globe. Every October, citizens of the
global community join in World Water Monitoring
Day, a worldwide opportunity to positively impact the
health of rivers, lakes, estuaries and other waterbodies. Volunteer monitoring groups, water quality agencies, students, and the general public are invited to
test four key indicators of water quality: temperature,
pH, dissolved oxygen, and turbidity. To ﬁnd out more
visit:
www.worldwatermonitoringday.com/
www.uwex.edu/healthyhome/tool/water.cfm
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National Science Education Standards, Grades 5-8

Stream
Monitoring

The
F-Files

Wonderful
Watershed

Sharks in
Decline

Fishing for
the Future

Aquatic
Connections

Grab a
Gram

TROUBLED
WATERS

PREDATORS

Speak Your
Mind

Car
Quest

The Carbon
Dioxide Game

ONE DEGREE
FACTOR
Sources of
Carbon Dioxide

Decisions!,
Decisions!

Drawing
Conclusions

America's
Most Wanted

INVADERS

Unifying Concepts and Processes
Systems, order, and organizations
Evidence, models, and explanation
Constancy, change, and measurement
Evolution and equilibrium
Form and function

Standard A: Science as Inquiry
Abilities necessary to do scientific inquiry
Understandings about scientific inquiry

Standard B: Physical Science
Properties and changes of properties in matter
Motion and forces
Transfer of energy

Standard C: Life Science
Structure and function in living systems
Reproduction and heredity
Regulation and behavior
Populations and ecosystems
Diversity and adaptations of organisms

Continued...
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INVADERS

Standard D: Earth and Space Science
Structure of the earth system
Earth's history
Earth in the solar system

Standard E: Science & Technology
Abilities of technology design
Understandings about science and technology

Standard F: Science in Personal and
Social Perspectives
Personal health
Populations, resources, and environments
Natural hazards
Risks and benefits
Science and technology in society

Standard G: History and Nature of Sciences
Science as a human endeavor
Nature of Science
History of Science
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Additional Educational Resources
Below are some additional excellent sources for educators to ﬁnd even more activities relating to topics covered
in the Strange Days on Planet Earth Project.

A Child’s Place in the Environment (K-6)
Lake County Ofﬁce of Education
www.acpe.lake.k12.ca.us/
Environmental Action: Biodiversity; Chemicals: Choosing Wisely; Energy Conservation; Food Choices;
Habitat and Biodiversity, Water Conservation
E2 (Environment and Education)
Dale Seymour Publications
plgcatalog.pearson.com/program_multiple.cfm?site_id=11&discipline_id=808
&subarea_id=1025&program_id=192
Exotic Species Compendium of Activities to Protect the Ecosystem (ESCAPE)
Illinois-Indiana Sea Grant College Program
www.iisgcp.org/edk-12/escape/escape.htm
Exotic Aquatics on the Move
National Sea Grant Network and Geographic Education Alliances
www.iisgcp.org/EXOTICSP/
Kids’ Planet Teacher Table
Wolf Curriculum, Sea Otter Unit, Florida Black Bear Curriculum
Defenders of Wildlife
www.kidsplanet.org/tt/index.html
Project Learning Tree
www.plt.org
Project WET and WET in the City
Montana State University
www.projectwet.org
Project WILD and Project WILD Aquatic
Council for Environmental Education
www.projectwild.org

Continued...
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Additional Educational Resources, continued...

EARTH SYSTEM SCIENCE ACTIVITIES

For a wealth of educator resources on Earth System Science visit: DLESE — the Digital Library for Earth System
Education. Funded by the National Science Foundation, DLESE is being built and distributed by a community of
educators, students, and scientists to support Earth System education at all levels.
Resources include lesson plans, scientiﬁc data, visualizations, interactive computer models, and virtual ﬁeld trips
— in short, any web-accessible teaching or learning material. The Reviewed Collection includes those DLESE
resources that have been more closely examined and are considered exemplary.
www.dlese.org/educators/index.html

NATIONAL GEOGRAPHIC RESOURCES

Educators and kids can ﬁnd a multitude of resources on National Geographic’s Web site, including news stories
relating to National Geographic’s Strange Days on Planet Earth documentary series.
NationalGeographic.com
Interactive Features, Maps and Geography, Kids, Educators, More
www.nationalgeographic.com
National Geographic Xpeditions
K-12 Lesson Plans, Activities, Maps, More
www.nationalgeographic.com/xpeditions/
National Geographic News
Top Stories; Kids News; Environment, Science & Technology, Pulse of the Planet, More
news.nationalgeographic.com
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Become a Scientist
Studying science offers some of the most exciting, innovative, and powerful skills available for understanding,
working, and predicting future events in our ever-changing world. Science is a way of knowing — a pathway to
knowledge — and possibly the greatest ongoing adventure of the human mind. By becoming a scientist, you can
share in this incredible adventure of discovery and exploration.

A WORLD OF OPPORTUNITIES, DISCOVERY AND EXPLORATION

If you pursue a career in science, your studies can take you from the inner workings of the invisible microbial
world to the surface of colossal asteroids orbiting in outer space, from the complex insides of new hybrid cars
to the eye of the most ferocious hurricanes.
You can delve into the physical, chemical and biological secrets of life on the planet-and ﬁnd yourself traveling
from order to chaos and back-all in the course of one day.
In addition, you can gain skills that will help you devise creative solutions and join your ideas with the world’s best
and brightest to tackle some of today’s most challenging environmental problems.

THE SCIENTIFIC METHOD OF INQUIRY

Science is fundamentally different from other ways of knowing because it is based on independently veriﬁable
facts about phenomena and it strives for consensus based on those facts. Scientists use a type of methodology
known as the scientiﬁc method of inquiry. Studying and practicing the scientiﬁc method develops not only your
investigative skills but also trains you in diverse laboratory and ﬁeld techniques and teaches you essential tools for
critical analysis, prediction and communication. These skills are vital throughout your entire life.
While no single method ﬁts all inquiries, there are a number of features common to all scientiﬁc endeavors:
» All good scientiﬁc inquiry stems from asking a compelling and testable question-posing a hypothesis.
» Answering that question requires the careful collection of data through precise observation and if possible
measurement.
» The next step involves reviewing these data and using the gathered evidence to develop new ideas and
form new informed hypotheses. All good hypotheses should offer testable predictions.
» Scientists also seek alternative explanations to explain their observations-formulating multiple working
hypotheses during their investigations.
» Once a discovery is made, scientists communicate their ﬁndings to others and their results are peer-reviewed
by the scientiﬁc community before being accepted.
The beauty and power of the scientiﬁc method of inquiry is that from new discoveries new answers emerge as
well as more profound questions. From these new questions, you can continue to build on humanity’s robust
foundation of discovery and experimentation and learn how best to adapt to our dynamic world.
Continued...
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Become a Scientist, continued...

GIVE IT A TRY: HERE’S WHERE TO GO

Boundless opportunities exist for all ages interested in studying science. The Strange Days on Planet Earth
Consortium of aquariums, zoos, and science centers offers a great place to start:
Aquarium of the Paciﬁc
www.aquariumofpaciﬁc.org
Arizona-Sonora
Desert Museum
www.desertmuseum.org
Audubon Aquarium of the
Americas
www.auduboninstitute.org

California Science Center
www.casciencectr.org
Columbus Zoo and Aquarium
www.colszoo.org
The Florida Aquarium
www.ﬂaquarium.org
Forth Worth Zoo
www.fortworthzoo.org
Lady Bird Johnson
Wildﬂower Center
www.wildﬂower.org
Los Angeles Zoo
www.lazoo.org
Maryland Science Center
www.marylandsciencecenter.org

New York Aquarium
www.nyaquarium.com

Missouri Botanical Gardens
www.mobot.org

N.C. Museum of Natural
Sciences
www.naturalsciences.org

Monterey Bay Aquarium
www.montereybayaquarium.org
New England Aquarium
www.neaq.org

To ﬁnd other hands-on science
centers across the country, visit
the Association of Science and
Technology Centers Web site at
www.astc.org/sciencecenters/
ﬁnd_scicenter.htm

Shedd Aquarium
www.sheddaquarium.org
Woodland Park Zoo
www.zoo.org
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Glossary
A

abiotic: the nonliving components of the environment such as
rock types, slope, geographic setting and climate that affect ecological functions.
airborne pollutant: any substance introduced into the
atmospheric environment that
adversely affects the usefulness of
a resource.
alien species: species that do not
naturally occur within an area and
that have usually arrived in the
area as a result of human intervention (whether deliberate or accidental). Alien species often have
adverse effects on native species as
a result of competition. See invasive species.
alkalinity: a measure of the
capacity of water to neutralize
acid. Alkali substances in water
include hydroxides or bases.
aquaculture: the production and
husbandry of aquatic animals and
plants in a controlled environment.
Atrazine: an herbicide widely
used on a variety of crops, notably
maize, sorghum and sugar cane,
for the pre- and post-emergent
control of broad-leaved weeds.

B
ballast water: fresh or salt water,
sometimes containing sediments,
held in tanks and cargo holds
of ships to increase stability and
maneuverability during transit.
biodiversity: the variety of life
on Earth, reﬂected in the variety
of ecosystems and species, their
processes and interactions, and
the genetic variation within and
among species.
biotic: the living components of
the environment, such as plants,
animals, and fungi, that affect
ecological functions.
bycatch: harvest of ﬁsh or shellﬁsh other than the species for
which the ﬁshing gear was set.
Examples are blue crabs caught in
shrimp trawls or sharks caught on
a tuna longline. Bycatch is also
often called incidental catch.

C
carbon dioxide: a greenhouse
gas whose atmospheric concentrations have been increasing from
pre-industrial (1750-1800) levels of
280 parts per million (ppm) to
present day levels of 356-360
ppm, depending on location. CO2
decreases in summertime when
plant productivity consumes CO2,
and increases in winter when
biota are less active and respiration exceeds photosynthesis. A

main source of CO2 increase in the
atmosphere has been burning of
fossil fuels.
carnivore: an animal that eats
meat in the form of other animals.
carrying capacity: the maximum
number of organisms that can use
a given area of habitat without
degrading the habitat and without causing stresses that result in
the population being reduced.
climate change: a regional
change in temperature and
weather patterns. Current science
indicates a link between climate
change over the last century and
human activity, speciﬁcally the
burning of fossil fuels.
concentration (of a solution):
the amount of a speciﬁed substance in a unit amount of another
substance.
conservation: the protection, restoration, or sustainability of natural resources.
consumer: an individual who purchases and uses goods or services.
contaminant: a substance that
spoils the purity of something else
or makes it poisonous.

D
dissolved oxygen: the volume of
oxygen dissolved in water.
Continued...
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drinking water standards: standards for approximately 90 contaminants in drinking water set
under the authority of the Safe
Drinking Water Act by the
Environmental Protection Agency.
Water suppliers may not provide
water that doesn’t meet these
standards.

E
ecological restoration: the process whereby an entire ecosystem
is brought back to health.
ecosystem: a community of
plants, animals, and microorganisms that are linked by energy
and nutrient ﬂows, and that interact with each other and with the
physical environment. Rain forests,
deserts, coral reefs, grasslands, and
a rotting log are all examples of
ecosystems.
ecotoxicology: an area of study
that examines the connection
between environmental health
and human health.
emissions: release of pollutants
into the air from a source.
endangered species: species
threatened with extinction. The
Florida panther and the California
condor are endangered species.
endemic: an organism that is
native to a particular country,
region or ecosystem; not introduced.
environmental health:
well-being based on the health of
the surrounding environment.

exhaust: gases ejected from an
engine as waste products.
exotic species: introduced species; not native or endemic to the
area in question.

F
fertility: the state of being fertile;
capable of producing offspring.
fertilizer: a material that is added
to soil to increase its fertility and
enhance plant growth; includes
manure (a natural fertilizer) and
synthetic materials made from
nitrogen, phosphorus, and potassium compounds.
ﬁsher: someone whose occupation is catching ﬁsh. Synonymous
with ﬁsherman.
ﬁshery/ﬁsheries: the occupation
or industry of catching, processing,
and selling ﬁsh and shellﬁsh; an
area where ﬁsh or shellﬁsh are
caught.
food chain: a lineup of organisms
from producers (plants) to consumers (other plants, animals, and
fungi), with each organism feeding on or getting nutrients from
the previous organism.
food web: the interconnected
feeding relationships in an ecosystem. These relationships can
be complex; some organisms may
feed on more than one trophic
level, or changes may occur
depending on a species’ life history stages or the availability of
food.

fossil fuels: fuels formed millions
of years ago from decayed organisms. Oil, coal, and natural gas are
all fossil fuels. See also nonrenewable energy.
fuel-efﬁcient: a way of describing any system whose fuel input
is well matched to its productive
output.

G
gill nets: a type of ﬁshing net
that catches ﬁsh by their gills or
gill covers.
ginkgo: a type of Chinese tree
having fan-shaped leaves and
ﬂeshy yellow seeds; exists almost
exclusively in cultivation especially
as an ornamental street tree.
global warming: the hypothesis
that Earth’s atmosphere is warming because of the release of
“greenhouse gases,” such as
carbon dioxide. These gases are
released into the air from burning
gas, oil, coal, wood, and other
resources and trap heat in an
action similar to that of the walls
of a greenhouse.
greenhouse effect: the holding
of heat in Earth’s atmosphere by
certain gases such as carbon dioxide (CO2), methane (CH4), and
nitrous oxide (N2O). Some scientists predict that the temperature
and sea level rise associated with
global warming could adversely
affect biodiversity.
greenhouse gases: several gases
that allow Earth’s atmosphere to
hold solar radiation by absorbing
heat radiated back from Earth’s
Continued...
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surface. These gases include
carbon dioxide, methane, water
vapor, and nitrous oxide.
groundwater: water beneath the
surface that can be collected with
wells, tunnels, or drainage galleries, or that ﬂows naturally to
Earth’s surface via seeps or springs.

H
habitat: the area where an
animal, plant, or microorganism
lives and ﬁnds the nutrients,
water, sunlight, shelter, living
space, and other essentials it needs
to survive. Habitat loss, which
includes the destruction, degradation, and fragmentation of habitats, is the primary cause of
biodiversity loss.
heat-trapping gases: any of several dozen gases in Earth’s
atmosphere that absorb infrared
energy radiated back from Earth.
The two major gases are water
vapor and carbon dioxide; others
include methane, chloroﬂuorocarbons, and nitrogen oxides.
herbivore: an animal that eats
plants.
hormones: chemical substances
secreted by organs or parts of
the body, especially the endocrine
glands, into the bloodstream. Each
hormone has a speciﬁc regulatory
or functional effect.
hypothesis: a statement consisting of an action that can be tested
and a predicted result. Making
a hypothesis is part of scientiﬁc
inquiry.

I
indicator species: those species
that can offer early warning signs
of ecological stresses.
infertility: diminished or absent
ability to conceive.
infrared energy: electromagnetic
radiation relating to the range of
invisible wavelengths from about
750 nanometers (.00002 inches)
which is just longer than red in
the visible spectrum, to about 1
millimeter (.04 inches).
introduced species: organisms
that have been brought into an
area in which they do not naturally occur. Introduced species can
compete with and cause problems
for native species. Introduced species are also called exotic, nonnative, and alien species.
invasive species: species not
endemic to a habitat, that competes with native species for food
and space, and typically causes
economic and/or environmental
harm. See alien species.

J
K
L
London plane tree: trees from
the genus Platanus in the order
Hamamelidales.
longlines: ﬁshing tackle involving
a horizontal line ﬁt with hooks
and held by ﬂoats.

limiting factor: the least abundant component of a system —
usually the one component to
which the application of a given
amount of effort will pay the
greatest returns.

M
N
native species: species that occur
naturally in an area or a habitat.
Also called indigenous species.
nitrogen: a chemical element in
the periodic table with the symbol
N, atomic number 7 and listed as
14th of the 107 total elements. A
common typically colorless, odorless, tasteless gas, nitrogen constitutes 78 percent of Earth’s
atmosphere and is a constituent of
all living tissues — important for
plant growth and found in many
commercial fertilizers. It is often
washed through a watershed into
a stream or river where, if there is
too much in the water, it acts as a
pollutant.
non-native species: introduced
species not native or endemic to
the area in question.
nonpoint source pollution: pollution from numerous widespread
locations or sources that have
no well-deﬁned points of origin
and may originate from land use
activities and/or from the atmosphere. Examples include leaching
of excess fertilizer from ﬁelds and
acid rain.
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O

ocean uptake: the process
whereby the ocean takes up materials such as heat, carbon, oxygen,
and other chemicals.
omnivore: an organism whose
diet consists of a wide variety of
foodstuffs, including plants and
animals.

P
pesticides: chemicals that kill or
inhibit the growth of organisms
that people consider undesirable.
Fungicides (which kill fungi), herbicides (which kill plants), and
insecticides (which kill insects) are
types of pesticides.
pH: a measure of a substance’s
acidity or alkalinity. The term
pH translates literally to pondus
hydrogenii, which means “potential hydrogen.” The terminology
refers to acidity being due to a
predominance of hydrogen ions in
a water containing solution.
phytoplankton: tiny, free-ﬂoating, photosynthetic organisms in
aquatic systems including diatoms
and dinoﬂagellates.
point source pollution: the
opposite of non-point source pollution. Pollution that comes from
a single source and that may be
traced back to a single source,
such as a pipe. One example of
point source pollution would be
a pipe that discharges wastewater
from a house into a creek. A pipe
is an example of a point source.

predator: an animal that hunts
and kills other animals for its food.
prey: an organism that is hunted
and eaten by a predator.

Q
R
S
Secchi (disk) transparency: a
method used to get a quick,
simple, and accurate measure of
water clarity. The method uses
a black and white disc, called a
Secchi disk that is lowered into the
water until it just disappears from
sight-this depth measurement is
recorded. The deeper the measurement, the clearer the water.
This method gives a general indication of problems with algae,
zooplankton, water color, and silt.
species: a group of organisms
that has a unique set of characteristics, like body shape and
behavior, that distinguishes them
from other organisms. Individuals
within the same species can typically reproduce with each other to
produce fertile offspring. Species is
the basic unit of biological classiﬁcation.
sustainable: meeting the needs
of the present without compromising the health of the planet or
the ability of future generations to
meet their own needs.
sustainability: meeting the
needs of the present without compromising the ability of future
generations to meet their own
needs, or the health of the planet.

T
threatened species: a way to
describe organisms that are likely,
in the near future, to become
endangered.
toxicity: the capacity of a material or organism to cause harm to
another living organism.
trade-off: an exchange of one
thing in return for another; especially relinquishment of one beneﬁt or advantage for another
regarded as more desirable.
tragedy of the commons: a
term coined by Garrett Hardin
describing the inexorable process
of degradation of communal
resources due to selﬁsh self-interest of “free riders” who use or
destroy more than their fair share
of common property.
trawl nets: a conical ﬁshnet
dragged through the water or, in
the case of bottom trawl, along
the seaﬂoor. This is one of the
most destructive types of ﬁshing
equipment.
turbidity: a measure of the
amount of light scattered and
absorbed by water because of the
suspended matter in the water.

U
V
W
watershed: a geographic area
that drains into a single river
system and its tributaries.
Continued...
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wetland: an area that, at least
periodically, has waterlogged soils
or is covered with a relatively shallow layer of water. Bogs, freshwater and saltwater marshes, and
freshwater and saltwater swamps
are examples of wetlands.

X
Y
Z
zooplankton: small, often microscopic animals that drift in
currents, feed on detritus, phytoplankton, and other zooplankton,
and are preyed upon by ﬁsh, shellﬁsh, whales, and other zooplankton.
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