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How to Use This Pamphlet
The secret to successfully earning a merit
badge is for you to use both the pamphlet and
the suggestions of your counselor.

Your counselor can be as important to you as a
coachis to anathlete. Use all of the resources
your counselor can make available to you. This
may be the best chance you will haveto learn
about this particular subject. Make it count.

If you or your counselor feels that any information
inthis pamphletis incorrect, please let us know.
Please state your source of information.

Merit badge pamphlets are reprinted annually
and requirements updated regularly. Your
suggestions for improvement are welcome.

Who Pays for This Pamphlet?

This merit badge pamphletis one in a series
of more than 100 covering all kinds of hobby and
career subjects. ltis made available foryou to buy
as a service of the national and local councils, Boy
Scouts of America. The costs of the development,
writing, and editing of the merit badge pamphlets are
paid for by the Boy Scouts of America in order to bring
you the best book at a reasonable price.

Send comments along with a brief statement about yourself to
Pilots and Program Development, S$272

Boy Scouts of America ¢ 1325 West Walnut Hill Lane « Irving, TX 75038
If you prefer, you may send your comments to merit.badge@Scouting.org.
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Note to the Counselor

This edition of the Environmental Science merit badge pamphlet
efiphasizes a heightened awareness on the importance of bees,
beekeeping; and pollination. As a result; there are some hazards
that may be associated with the new pollination category for
working close to a beehive or colony.

also be ,sufé’" , ere are n@ a?%ergies ts bea stmgs
_ prior to the visit.

Prior to counseling Scouts, Environmental Science merit
badge counselors are strongly encouraged to become familiar
with the Guide to Safe Scouting, a helpful planning tool for all
Scouting volunteers. This resource provides an overview of
Scouting policies and procedures rather than comprehensive,
standalone documentation. For some items, the policy state-
ments are complete. However, unit leaders are expected to
review the additional reference materials cited (such as the
First-Aid merit badge pamphlet) prior to conducting certain
activities. Counselors can access the Guide to Safe Scouting
online at http://www.scouting.org/HealthandSafety/GSS.aspx.

To help keep participants safe during Scouting activities,
the National Council has an established set of procedures
called the “Sweet 16 of BSA Safety.” In an effort to assist
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Environmental Science merit badge counselors whose Scouts
choose requirement 3G(3), the following considerations provide
guidance of special interest to them.

Qualified Supervision. The Environmental Science merit
badge counselor assisting Scouts who choose requirement
3G{(3) should have knowledge of applicable state USDA

regulations for handling bees and beekeeping equipment.

Physical Fitness. Counselors should be aware of youth
participants who may be allergic to bee stings.

Safe Area or Course. Counselors should take reasonable
measures to provide participants with a safe environment and
ensure the proper equipment will be used for handling bees,
as well as well-constructed hives that pass USDA inspection.

Equipment Selection and Maintenance. Counselors should
confirm beekeeping tools and equipment are well-maintained
and hives follow USDA guidelines.

Personal Safety Equipment. Counselors should ensure all
participants will wear proper protective clothing and gear for
beekeeping, inchuding a hat, veil, coveralls; gloves; long sleeves,
pants, and other protective devices.

Applicable Laws. Counselors assisting Scouts with requirement
3G(3) for this merit-badge must have experience with beekeep-
ing tasks and tools and be recruited to dothe work involved.

Discipline. Counselors should take reasonable measures to
ensure all participants understand they are to follow the
instructions of the beekeeper they are working with, including
how to use heekeeping tools and equipment properly.

The “Sweet 16 0of BSA Safety” procedures aré available
online by visiting http://www.scouting.org/HealthandSafety/
sweetl6.aspx.
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Requirements

1. ‘Make a time line of the history of environmental science in
America. Identify the contribution made by the Boy Scouts
of America to environmental science. Include dates; names
of people or organizations, and important events.

2. Define the following terms: population; community, eco-
system, biosphere, symbiosis, niche, habitat, conservation;
threatened species, endangered species, extinction, pollution
prevention; brownfield; ozone, watershed, airshed, nonpoint
source, hybrid vehicle, fuel cell:

3. Do ONE activity from EACH of the following categories
{using the activities in this pamphlet as the basis for planning
and projects):

A. Ecology

{1} Conduct an experiment to find out how living things
respond to changes in their environments. Discuss
your observations with your counselor.

(2} Conduct an experiment illustrating the greenhouse
effect. Keepa journal of your data and observations.
Discuss your conclusions with your counselor.

(3} Discuss what is an ecosystem. Tell how it is
maintained in nature and how it survives.

B. -Air Pollution

{1} Perform an experiment to test for particulates that
contribute to air pollution. Discuss your findings
with:your counselor.

{2} Record the trips taken, mileage, and fuel consumption
of a family car for seven days, and calculate how
many miles per gallon the car gets. Determine whether
any trips could have been combined {“chained™
rather than taken out and back. Using the idea of trip
chaining; determine how many miles and gallons of
gas could have been saved in those seven days.

4 ENVIRONMENTAL SCIENCE



{3} Explain what is acid rain. In your explanation, teli
how it affects plants and the environment and the
steps society can take to help reduce its effects.

Watsr Pollistion

react to thermal poliution. Discuss vour observations
with vour counseinn

Conduct an syperiment to Hennfy the methods tha
couid be used 1o mediate (redurs) the effisnis ofan
oif spill on waterfowl, THsouss your resulis with
your counssion

g

on an agustic community. Write 3 100-word report
on how that pollutant affected aguatic Hie, what
the effect was, and whether the effect is linked

to biomagnification.

Land Pollution

13} Conduct an experiment to flustrate soil erosion by
water, Take photographs of make a drawing of the

Porform an sxperiment o determine the sffecr of
an o spill on land, Discuss vour conclusions with
your connseion

{3} Photograph an area affected by evosion. Share vour
photographs with your counselor and discuss why
the area has eroded and what might be done fo help

alleviate the erosion.

Endangered Species

vour stafe) Find out what §ts natural habitavis why
# % endangersd, what s elng done o presesve i
and how many individeal crganisms are el in the

wild. Prepare 3 Hibword report ahout the organism,
inclnding '3 drawing. Present vour 1epiat 10 your
natrol or froon.




{2} ‘Do research on one species that was endangered or
threatened but that has now recovered. Find out how
the organism recovered, and what its new status is.
Write 2 100-word report on the species and discuss it

with your counselorn

gz gg&s %&5&%& for seven 55%‘: an
counselor what you have learned.

{2} Determine 10 ways 10 CODServe resources or use 1esources
miore efficiently in your home, at school, 'or at camp.
Practice at %:xg%i two ég ;Esi:%ss &5%&% for sev

; %:!ees el hc::nw E)ees make honey and i‘ﬁaesw;&}\, and
how bo(h are harvested: Explain the part played iy the life
of the hive by the queen, the drones, and the workers.

page ?i%;%:%% on %%}w




Eefere ys:su choose requsremem 3613}, yms w;if neeé to f;r

For heig wsth ﬂcatmg a beeka
www.beeculture.com aﬂci {:h{}k on
Local Beekee;}er

4, Choose two outdoor study areas that are very different from one
another {e.g.; hilltop vs: bottom of a hill; field vs. forest; swamp
vs.-dry land}. For BOTH study areas, do ONE of the following:

A Mark off a plot of 4 square yards in each study area, and
count the number of species found there. Estimate how
much gpace is occupied by each plant species and the type
and number of nonplant species vou find. Write a report
that adequately discusses the biodiversity and population
density of these study areas. Discuss your report with
your counselor.

B. Make at least three visits 10 each of the two study areas
{for a total of six visits); staying for at-least 20 minutes
each time; to observe the living and nonliving parts of
the ecosystem. Space each visit far enough apart that
there are readily apparent differences in the observations.
Keep ajournal that includes the differences you observe.
Then, write a short report that adequately addresses your
observations, including how the differences of the study
areas might relate to the differences noted, and discuss this
with your counselor.

5. Using the ‘construction project provided or a plan you create on
your own, identify the items that would need to be included in
an environmental impact statement for the project planned.

6. Find out about three career oppertunities in environmental
science. Pick one and find out the education, training, and
experience required for this profession. Discuss this with your
counselor, and explain why this profession might interest you.

ENVIRONMENTAL SCIENCE
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WHAT TS ENVIRONMENTAL SCIENCE?

EnVironmental Sciencez The natural

Scientists ask questions about things they observe and then try ~  living thing over
to find out the answers. An environmental scientist asks ques- " fmais its patural
tions about the environment and tries to learn the answers by .

observing and experimenting. While earning the Environmental ~ fistory. People
Science merit-badge, you will get a taste of what it is:like to be' " who study

an environmental scientist, as you make observations and carry
out experiments to complete the activities and projects required
for the badge. are naturalists.

development of

natural history

From Nature Study to Ecology e —————

People have always been curious about the natural world and
have studied it in 'order to survive. Early humans learned which
plants-were good to eat and which ones made them sick. They
learned the habits of animals that they hunted for food and
how to avoid those animals that preyed upon humans:

Today, many people observe plants and
animals in the wild as'a hobby. Some go
hiking to find rare wildflowers. Others keep
binoculars and field guides near a window so
they can identify the birds that visit backyard
bird feeders. Because many people over the
centuries have studied nature closely, muchis
known today about the natural history of
plants and animals.

Plants and animals, however, do not live alone
in'the environment. A living thing’s environment is made
up of ail of the living and nonliving materials around it;
including plants; animals, aix, soil, heat; light, {ood; water,
and anything else that plays any role in its life. In addition,
all plants and animals are connected {o other living things.

ENVIRONMENTAL SCIENCE kX



WHAT TS ENVIRONME

The study of
living things and
their interactions
with one another
and with their
environments is
known as ecology.
Scientists

who study the
interactions
among organisms
and their
environments

are ecologists.

TALSCIENCEY

They interact with one another and with the nonliving parts of
their environment. Living things depend upon the materials
found in their environment to survive. Anything that disturbs
the environment may affect the living things found there.

Using This Pamphlet

Anenvironmental scientist needs to know a great deal about
living things, about their ways of life; and about the environment
and its effect on life: For instance, an environmental scientist
might study how the chemistry of soil affects ant behavior:
Some other things that an environmental scientist might study
include plants i a forest; makeup of rainwater, purity of air,
and how many living things are found in a given environment.
‘The dctivities in this pamphlet will introduce you to the wide
range of subjects that environmental scientists study.

12 ENVIRONMENTAL SCIENCE



WHAT 1S ENVIRONMENTAL SCIENCE?

Steps in the
' czennﬁc Method

* You test your hypo
_ In your experiment,
a bexvag‘id ants at th

'scme s&nse oth’ '
 when the results
- hypothesis, you
_late a new hypo

Nm aii hypathes
ment in a iabnra

ﬁhsewmg evem*
which kinds of bi
just by observing
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The Roots of
Environmental Science

American Indians used forests and other environmental
resources for centuries before European settlers arrived on
the continent. In the Pacific Northwest, tribes used forest
materials to make cedar houses, boats, and clothing. In the
- Northeast and upper Midwest they built birch-bark canoes.
Forests also were tremendous sources of food, both from
~ plants and from wildlife.

At times; tribes overused: certain forested areas.

- Sometimes they intentionally burned forests to-clear land
for cultivation or to make it easier to pursue game. If a
forest became overtsed or tm heavi A'émna ed to support
a tribe, the group we \

i would recover. ,

. As more and more European settlers arrived in North
America, their need for natural resources grew. They killed
wildlife, cut trees, and contaminated the water near their
settlements. When the pressure on natural resources in'a
settled area grew too great; people moved westward and
began the cycle again: Settlers believed they could always
move farther west to find more space and more resources.

14 ENVIRONMENTAL SCIENCE



THEROOTS OF ENVIRONMENTAL SCIENCE

Early on, however, some settlers realized that the abundant
natural resources of this new land were not limitless. In 1626,
Plymouth Colony passed a law to control the cutting and sale
of timber on colony lands. People in Newport, Rhode Island,
agreed in 1639 to restrict deer hunting to six months a year. In
Pennsylvania in 1681, William Penn decreed that one acre must
beleft forested for every five acres of forest that were cleared.

By the 1830s; people such as artist George
Catlin ‘and naturalist Henry David Thoreau were
writing about the need to preserve some-of the
unigue environments of North America in
national parks. People dedicated o environmental
protection and wildlife conservation founded
groups such as American Forests (1875}, the
Appalachian Mountain Club {1876}, the: New York
Audubon Society (1886); the Boone and Crockett
Club {1887}, the Sierra Club {1892}, the American
Scenic and Historic Preservation Society (1895);
and the 1zaak Walton League of America (1922).

Government management ‘of special areas can
betraced back to the creation of the first national
park—=VYellowstone-—set aside in 1872. Congress
passed the Creative Act-in 1891, protecting much
of the nation’s publicly owned forests. The Forest
Reserve Act of 1891 followed; changing forest
reserves to national forests and charging their
managers with improving and protecting the
nation’s long-term supply of wood and water. The Bureau of
Forestry became the Forest Service in 1905. In 1916, Congress
established the National Park Service to preserve natural and
cultural resources for the enjoyment; education; and inspiration
of current and future generations.

n the decades that followed, forward-thinking agency
personnel and a conservation movement made up of dedicated
citizens established the idea of protecting some forests and
other wilderness areas as reminders of the way they were
before humans intervened and of balancing the use:of public
lands for recreation, timber, and biological resources. The
Multiple-Use Sustained-Yield Act of 1960 officially established
multiple-use management of the forests.

ENVIRONMENTAL SCIENCE 15



THEROOTS OF ENVIRONMENTAL SCIENCE

The Bureau of Land Management, the U.S. Army Corps of
Engineers, the Fish and Wildlife Service, the Natural Resources
Conservation Service, and other public agencies also strive to
manage public lands that fall within their administrative bound-
aries. Staté and local agencies oversee smaller acreages of pub-
lic'lands. Private landowners with forested properties—from
large forest-product companies to families with a few acres of
trees around their homes—have a stake in the proper manage-
ment of forest resources, too.

From Conservation to Environmentalism

During the late 18005 and early 1900s, people began to speak
out about human activities that were causing serious environ-
mental problems such as air and water pollution. American
zoologist William T, Hornaday wrote about the need 16 protect
wildlife in North America, In 1907, a scientific study by M.C:
Marsh showed how fish were hurt by industrial wastes released
into water sources: In 1962, Rachel Carson published Silent
Spring, a book that discussed the dangers to the environment
from-using the pesticide DDT.

Carson and other people who wrote about the environmental
effects of human activities helped make the public aware of
environmental concerns. This public awareness led to'the
designation of April 22 as Earth Day. The first Earth Day

16 ENVIRONMENTAL SCIENCE



in 1970 sparked an environmental movement in the United
States. Today, the U.S. Environmental Protection Agency (EPAL
the Council on Environmental Quality, and many state and
local environmental agencies work to help protect our air,
water, land, and wildlife resources.

In recent decades; the decline of the honey bee population
worldwide has attracted the attention of scientists and many
others. They continue to study the phenomenon called honey
bee colony collapse disorder to find an explanation and resolution
for this issue. The dramatic decline in honey bees and other
poilinators could potentally have a dramatic effect on our food
supply: We don’t vet know how extensively the conseguences
will affect humankind and our food chain, but we are learning.

Environmental science is 3 broad topic with many fields of
study to explore: There is stifl much o discover. Who knows?
Your interest in earning this merit badge may jead 10 something
bigger and more far-reaching than yvour general locale

Scouts and the Environment

In the early 1900s, as the conservation movement grew, two
separate organizations for boys that focused on nature and

the environment wete founded. In 1902, the Woodcralt Indians
was started in Connecticut by naturalist Ernest Thompson
Seton to preserve the wilderness knowledge of American
Indians. As a leading naturalist of his time, Seton spoke before
Congress in 1904 in support of legislation that had been
authored by William T. Hornaday to protect migratory birds.

About the same time, Daniel Carter Beard, a former
surveyor and engineer who became an author and illustrator,
wrote a book titled The American Boy's Handy Book. In 1905,
Beard founded a club called Sons of Daniel Boone to teach
hoys about nature, conservation, and cutdoorsmanship.

On Feh. 8, 1910, Seton and Beard merged their separale
boys’ clubs into the Boy Scouts of America. Publisher Willlam
D). Bovee founded this new organization. From its beginnings,
the Bov Scouts of America had a2 strong foundation of wooderalt,
natire study, and conservation: Many of the principles that
Scouts uphold come from the conservation ethics of Seton and
Beard. The BSA has taught more than 45 million young envi-
ronmentalists throughout its history. Today, the BSA continues
to train American youth in principles of conservation and
environmental science;

THEROUOTS OF ENVIRONMENTAL SCIENCE

Activities
designed to help
you earn the
Environmental
Science merit
badge canbe
found toward
the backof

this pamphist.
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Principles of Ecology

Although laws and agencies have been established 1o help protect
and preserve nature, much more needs o be done. Before you
can help protect nature; you must understand how it works.

Understanding Ecology

Imagine that you are standing on the bank of a quiet river
iy Florida. Along the banks of this river vou see a great blue
heron, an alligator, a rat snake; and 3 raccoon. Onarock in
the river, a2 Florida red-bellied turile basks in the sun. Looking
down into the water, vou see the long bodv of a fish called a
gar gliding through slender leaves of eelgrass. Snails feed as
they travel among the water plants. Here and there, whirligig
beetles dot the water surface. Tiny duckweed plants float near
the quiet banks. A bullfrog jumps from the river’s edge and
disappears into the water.

All of the living things in and around the river are connected
in some way. Bullfrogs eat whirligig beetles. Herons eat bulifrogs,
rat snakes, gars, and hatchling red-bellied turtles. Raccoons eat

The organisms that live in and around a river in Florida include
fish, amphibians, reptiles, birds, mammals, and plants.

18 ENVIRONMENTAL SCIENCE



bullfrogs, insects, worms, and snails. Snails and adult turtles
eat aquiatic (water) plants. In nature, living things interact in
many ways.

Living Things in the Environment

Snails, red-bellied turtles, and eelgrass are living things. All living
things have the ability to reproduce; that is, to make more of
the same kind of living thing. Living things also change during
their lifetimes. They grow and develop and have a life span that
eventually ends in death. Another important characteristic of
living things is'that they can usually adjust to-their surroundings:
They can respond to changes in their environments.

Seientists call living things organisms. Think of all the
millions of organisms that inhabit Earth. Organisms can be
found in the deepest oceans and on the highest mountains.
Some bacteria can even be found high in Earth’s atmosphere.
The part of Earth that contains and ‘supports living things is
known as the biosphere. The biosphere is-all parts of Earth
where life exists on land, in water, or'in the ain

Within the biosphere are many different kinds of environ-
ments. Beaches, forests, glaciers, deserts; and rivers are
environments. Every environment on Earth includes both
the living things found there and the physical, of nonliving,
environment in-which living things exist. Think about the
living things in your own environment. No matter where you
live, organisms surround you. You, the bacteria on vour skin,
your pet, the fleas on your pet, the spider in a cornet, and the
plants growing outside are organisms in your environment.

The regions that form Earth's biosphere include the atmosphere
{air}, hydrosphere {water}, and lithosphere {land).

ATMOSFHERE

/

LITHOSPHERE

HYDROSPHERE
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RINCITLES OF BCOLOGY

You have interactions with the bacteria; your pet, its fleas,
the spider; and the plants, but these interactions are not the
only ones in your environment. There also-are nonliving things
that influence the organisms in every environment.

Nonliving Things in the Environment

Let’s go back 1o that Florida river you imagined before and
think of nonliving things. You probably know that the water in
the river is nonliving, but - what about the wind? The sunlight?
Rocks in-the river? The soil that supports the plants growing at
the river’s edge? These are all nonliving things that interact
with the lving organisms in the river environment.

in your environment, the weather affects vou and your
pets. The soap you use when you shower affects the bacteria
on your skin. Sunlight; temperature, vainfall, and minerals in
the soil affect the plants cutside. The important interactions
between nonliving and living things determine which'living
things can share an environment with which nonliving things.

Let's'look at four nonliving factors to find out how they
affect the living things in an environment.

Water. Life on Earth would be impossible without water.
The bodies of most organisms are 50 to 95 percent water.
Water is necessary for many life processes, including
respiration, photosynthesis; and digestion.

Water covers more than 70 percent of Earth’s stirface.
But about 97 percent of the water on Earth is salt water
contained in oceans. That means only about 3 percent is
freshwater. Most of the freshwater is not available to living
things, because it is frozen in the ice ¢aps'or glaciers. In fact,
only a tiny fraction of Earth’s water is freshwater that is available
to organisms. This freshwater is in rivers, ponds; lakes, streams;
underground water supplies (aquifers), or water vapor.

Seil. Soil is formed by the physical and chemical breakdown
of rocks.and by the actions of living things. The breakdown
of rock into soll releases minerals that organisms need for
their life processes. These minerals return to the soil when
organisms die and decay. Decayed material that onice was
living is called organic matter. The more organic matter in
soil; the more fertile it is.

ENVIRONMENTAL SCIENCE



Soil determines the type of plant life that can grow in cer-
tain environments: Therefore, soil has an effect upon the other
organisms that can live there, too. Among the factors that deter-
mine which organisms can live in a particular soil environment
are the mineral and organic matter content, air content, and
soil texture.

CECAPS AN
5

e

ATMOSPHERIC
WATER VAPOR
0.001 PERCENT

FO0 PERCENT SPERCENT Q005 PERCENT
26 GALLONS 0.8 GALLONS Ve TEASFOON

How much of Earth's freshwater is available for organisms? § you
imagine that Earth has a total of 26 gallons of water, less than
one gallon of that would be freshwater, and only half a teaspoon
would be readily available to living things.

CIPLESOF OO

in photosynthesis,
green plants,
algae, and some
other organisms
captura the
enargy of sunlight
and change itinto
a formof energy
that they can use
or store, Most

of the energy

that powers

jife in Earth's
biosphere is made
available through

theprocess of

photosynthesis.
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Factors such as
rainfall, sunlight,
temperature,
the nearness of
farge bodies of
water {oceans),
and elevation
determing the
climate ithe
general weather
patterniin

an greq.

Earth's orbit

Sunlight. Nearly all living things depend upon the sun for
energy, either directly or indirectly. Plants; algae, and some
other organisms “trap” sunlight and capture its energy in the
process of photosynthesis. Plants use this energy to power their
life processes; or they store it When a snail eats a plant, for
example; the snail uses the stored energy in the plant to carry
out life processes such as breathing and moving. When a rac-
coon eats the snail, the energy is passed along. Green plants,
algae, and other photosynthetic organisms must live where
there is sunlight. In aguatic environments, photosynthetic
organisms can live only in the top laver of the water, where
suniight can reach the organisms.

Temperature. In general, the temperature of an environment
depends on the amount of sunlight it gets. Airis heated more
at the equator than at the poles. This is why tropical areas near
the equator are hot, the polar regions are cold, and the regions
in between have moderate temperatures. Temperatures also

are affected by Earth’s rotation, by winds and ocean'currents
created by that rotation, by the tilt of Earth on iis axis [see

the jllustration}, and by elevation. As vou hike upa mouniain,
the air temperature drops. That is why it is possible to have

a snowball fight on top of Mount Baldy at Philmont Scout Ranch
in New Mexico in July!

22 ENVIRONMENTAL SCIENCE



A porad ecosystem

interactions Among Living Things
Think again of the organisms living ¥ a Florida river. There are

zeveral different species of turtles Hving there. A speciesis a
group of organisms that has chatacteristics in common and can
breed to produce offspring. For example, red-bellied turtles can
mate with other red-bellied turtles to prodice baby red-bellied
rurtles. In the river, there ave at least three species of turtles—

red-bellied turties, cooters; and common snapping turtles. All
the %E%é?’éﬁé ﬁzsé -hellied %éi%%i %; g;s in §§§3 river z‘za&s *§§
‘;’g:é% %%:%g of “'é‘ééifiz s‘? ail §§§3 :;*g;;%%% %%g%ss fmiake y

g%% %%3%}& of saapping nwties, %:é £a3n i%: §:§ g%»: £y 5;‘

)

m
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Niches and Habitats

A niche is the role of a species in #ts community. The niche

of fungi such as mushrooms, for example, is not simply to get
nutrients {food} from dead or dying trees but also to release
those nutrients back into the environment in a form that other
Organisms can use.

Besides having a role within a community, organisms
occupy space. For instance, you live in a house, an apartment;
or some other fype of shelter. In a river ecosystem, great blue
herons roost high in trees along riverbanks. Common snapping
tfurties burrow into the mud at the bottom of a river. The place
in which an organism lives is its habitef. An organism’s habitat
provides the organism with nourishment {food and water},
shelter, protection from enemies, and the space needed for
that organism {o survive.

Within any habitat, the food, shelier, and other resources
are divided into separate niches. For example, d Flonida river is
a hab#iat for both red-bellied turtles and bullfrogs: Adult rurtles
sat only water plants. Bullfrogs eat insects, snails, fish, and
frogs. Because these two species eat different foods, they
occupy different niches within the same habilat




Feeding Relationships

Many of the relationships within a community are feeding rela-
tionships. That is because animals must eat to get the energy
they need for life; Almost all the energy on Earth begins with
the sun. Organisms such as green plants and algae trap the
sun's energy during the process of photosynthesis. These organ-
isms are called producers. All other organisms depend upon
producers for energy.

Some organisms get the energy they need by eating plants
and other producers: Mice and rats; for example, get their ener-
gv by eating plant seeds. Other living things get energy by eat-
ing organisms that eat planis. Rat snakes, for exampie, eat the
mice and rais that eat plant seeds. Organisms such as mice,
rats, and rat snakes are called consumers.

Organisms that break down dead plant and animal matier
and absorb energy and nutrients from them are called decomn-
posers. Bacteria, earthworms, and most fungi are decomposers.
When they break down the bodies of dead organisms, they use
some of the energy and nistyients for their own lfe processes
but also return energy and nutrients to the soil as organic matter.

Producer, consumer, and decomposer are terms ecologists
tise for different niches within an ecosystem. These roles are
important for an ecosystem 1o funiction. Ecologists further divide
these niches into feeding relationships. You probably are already
familiar with a feeding relationship known as the predator-prey
relationship. Rat snakes, herons, alligators; and frogs all are
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Which of these
organisms are
producars?
Whichas
consumars?
Vhichars
decomposers?

Why?
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Thessasnomoneand clown fishhave s iotic relationship—

.

{you are the host).

There are miany other types of relationships within and
between ecosystems. Sometimes, organisms of different species
five together but do not feed upon each other. This is called
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§g§§§§§ of Matter Through §§§§§§§§§§

matter that has ‘ﬁ%&ﬁ on Eﬁfﬁ since 35@ began. é%s% §'see éz&*@
these pi;ysxcal materials: are recycled naturally in ecosystems.
Water circulates through the environment in'd process
kriown as the water ¢ycle: Heat from the sun evaporates water
f;‘ism oceans, gé{%&; and streams that forms z%}sgg of water

tually, the vapor

:v»w g

Of il the natursl rescurces necessary to the axistence
and comfortof 8l iving things on Earth. watsr is the
gsrguably the most imporiant
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The water cycle

Some precipitation percolates into the soil where plant
roots can absorb it. Some of the water seeps down through
the soil and finds i#ts way into aquifers {underground layers
of porous rock that serve as natural storage areas tor
gﬁ%&ég rater). Some rainwater finds its way in
water such as streams and lakes: St ’fgggﬁ waler eve
%%?iéé%?}
ggﬁ% 33 5;%
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The Oxygen-Carbon Cycle

——— A1 iVing things need carbon. Plants use carbon dicoxide

and water in' the process of photosynthesis {0 make a type of
Carbon, fike other . sugar that living things use for energy. Consumers get carbon
whm they eat the pmducem and then use the carbon in'their

matter, must be fe processes. §§‘ §?$§§§§ nirnals release i;g%%%% dioxide

pr
=Y

o

recycled throtgh
the biosphers for

use by organisms,
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PRINCIPLES OF ECOLOGY

LIGHTNING

PRECIPITATION

PLANT CONSUMPTION £ > CENITREICATION - GASEDUS

FARMING 1 LOSSES INTO | FUEL USE
ATMOSPHERE \ \ &

NITRATES

NITRITES

When organisms die and decompose, they release nitrogen into the atmosphere,
soil, and water, and the cycle begins again.

The Nitrogen Cycle

Air'is nearly 78 percent nitrogen. All living things need nitro-
gen, but most cannot use nitrogen in the air, Organisms need
nitrogen in a form called nitrates, in which nitrogen is bonded
to-oxygen and another element. Nitrogen in the air is changed
into nitrates by lightning and by certain soil bacteria or plants,
Plants then take up the nitrates from the soil and pass them
alonig to consumers.

ENVIRONMENTAL SCIENCE 31



32

Human Impact on
the Biosphere

Think-about the things vou do every morning to get ready for
school. You ‘wake up as the sun filters through the window.
You take a shower and put on your clothes.

Do you realize that you use natural resources évery morn-
ing? The sun’s energy is a natural resource. The water for your
shower is also a natural resource, as is the soil that grew the
cotton used to make your clothes:

What Are Natural Resources?

Natural resources are-all of the living and nonliving factors in the
biosphere, including nutrients, minerals, soil, water, organisins,
and other resources made by natural processes on ‘Earth. They
are the materials that you and-all living things use every day.

Somie natural resources can be used-over and over. Such
resources -are known as renewable resources. Natural processes
replenish renewable fesources. Renewable resources include
fresh watet; fresh air; soil fertility, forests, and elements such as
carbon and nitrogen. Nonrenewable resources exist in limited
amourts and are not replaced through natural processes. They
include petroleum; coal, natural gas, copper, aluminum, and
the products made from these resources.
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HUMAN IMPACT ON THE BIOSPHERE

Problems With Resource Use

All organisms produce waste products. During photosynthesis,
plants take in carbon dioxide and give off oxygen as.a waste
product.- You breathe in oxygen and breathe out carbon dioxide
as-a waste product. When you eat a hardboiled egg or an orange,
the eggshell and the orange peel are waste. Decomposers in the
soil can break down eggshells and orange peels into the nutri-
ents plants need. Orange peels, eggshells, oxygen, and carbon
dioxide all are waste products, but they can be recycled in the
biosphere by natural processes.

What happens when waste products are produced too
quickly or.in amounts too great to be recycled naturally? When
waste products build up:faster than they can be broken down,
they become pollutants.

ENVIRONMENTAL SCIENCE 33



HUMAN IMPACT ON THE BIOSPHERE

Air and Air Pollution

When you breathe, you exchange gases with the air. Animals,
including humans, take in oxygen and breathe out carbon dioxide.

Air

The two most abundant gases in Earth’s atmosphere are nitrogen
and oxygen: Nitrogen makes up about 78 percent and oxygen
another 21 percent. The remaining1 percent consists of trace
amounts of other gases, including carbon dioxide at 0.036
percent. Air also holds water vapor. Most of Earth's air is

in'the inner layer of the atmosphere, called the troposphere.
Above the troposphere is the stratosphere.

ALTITUDE (IN MILES)
ALS0 CALLED IONOSPHERE:
120— _ THE AURORA BOREALIS,
(200 km) Thermosphere — o\ noryiren [ GHTS,
HAPFPEN HERE.
R VERY COLD,

Mesosphere — .. oeooreg

FAHRENHEIT.

THISLAYER CONTAINS
THE OZONE LAYER;
WEATHER BALLOONS
REACH THIS LAYER

THIS LAYER CONTAINS
B0 PERCENT OF THE
T ATMOSPHERE'S MASS;

IT CONTAINS DUST, WATER
Sea - VAPOR, AND CLOUDS.

Level

The layers of the atmosphere include the troposphere, stratosphere, mesosphere,
and thermosphere. Beyond the thermosphere is open space. The ozone layer is in
the stratosphere.
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The Greenhouse Effect

Our climate is regulated by the greenhouse effect. Heat energy
fromi the sun passes through Earth’s atmosphere and heats
Earth's surface. Some of this heat energy is radiated back up
inig the atmosphere, where greenhouse gases such as carbon
dioxide in the roposphere absorb heat from the sun near
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Acid Rain

Acidity is a property measured on a scale called the pH scale,
The scale has 2 range of 0'to 14, with 7 being neutral. Pure
water has a pHof 7. If a substance has.a pH below 7, it'is an
acid. Rain is naturally slightly acidic, with a pH of about 5.6,
because carbon dioxide in the atmosphere reacts 'with water
vapor 1o become carbonic acid.

The pH of some common substances &s shown on this seals.

Sulfer dioxide and nitrogen oxides are the primary Causes
of acid rain. When vehicles and power planis that bum foss
firels emit sulfur dioxide and nitrogen oxides into the aiy, these
gases interact with water vapor to form sulfuric and nifric acids.

Acid rain can deplete the soil of the nutrients that plants nesd 1o
grow. When acid rain falls, | filters down through the soil and dis-
solves soil nutrients and other materials, moving them down to
layers out of reach of plant roots.
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HUMAR IMPACT ON THE BIODSPHERE

Solutions to Air Pollution

The Clean Alr Act of 1970 created federal air pollution regula-
tions that each state must enforce: Since this enactment, the
United States has significantly lowered the levels of six maijor
air pollutants including sulfur dioxides; nitrogen oxides,
and particulates.

There are several ways that the nitrogen oxides, sulfur
dioxides, and particulates that power plants and industries
release into the air have been lowered. Some plants burn
coal that has a lower sulfur content. Others remove the sulfur
from coal or convert coal to a liquid or gas before it is burned.
A third way to reduce greenhouse gas emissions is to use alter-
native sources of power, such as wind, water, or solar energy.

An added benefit of using alternative energy sources is that
they can produce electricity without producing thermal pollution.
When electricity is produced at either a fossil fuel- or nuclear-
powered power plant, more than two-thirds of the energy in the
source material is released as heat and not converted into elec-
tricity. This is @ major source of thermal pollution in the world
today. In addition, much study has gone inio designing equip-
ment such as fillers; separators, and scrubbers that ¢an be used
inside smokestacks and exhaust gystems 10 remove particulates.

Because cars and trucks produce high levels of nitrogen
oxides, laws restrict the amount of air pollutants that vehicles
may ermil A device Known as - yuae sovibber
a catalytic converter converts DIRTYGAS
harmiul poliniants created CLEANED
from the buming of gasoline
into safer substances. States
with smog problems reguire
that cars undergo annual
ingpections o test emissions
and fuel efficiency. Today,
99 percent of cars in'the
United States burn only
unleaded gasoline; which
has significantly reduced the
amount of toxic lead in the air
in the United States.

WATER

DIETY WATER

A wet scrubber removes hazardous particulates
and sulfur dioxide gas from power plant emissions.
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FTHE BIOSPHERE

A growing number of people are buving hybrid vehicles.
Hybrid vehicles use two different sources to produce energy.
Currently, most hybrid vehicles use 3 small gasoline-powered
engine and an eleciric motor with a special battery. Hybrid cars
get significantly better mileage than most conventional gasoline-
onily vehicles, so they help conserve fuel resources. In addition,
they emit only a fraction of the smog-producing pollutants that
conventional vehicles emit.

Some auto manufacturers are developing zero-emission
vehicles—vehicles that do not produce any air pollution:
Vehicles powered by a fuel cell operate on electricity produced
through a chemical reaction. The most common type of fuel
cell relies on a chemical reaction between hydrogen and oxy-
gen. The only by-products of the reaction are heat and water,

An easy way to reduce air pollution from vehicles is to not
use them as much. You can practice pollution prevention by
walking, biking, or carpooling,

Trip Chaining /

Remember when you trip chain, you can help save the’is: in addition

to time. Chances are, you and your family members already combine
errands, which helps cut down on traffic congestion a aves gasoline.

SMLES

How much mileage would you by go
ratherthanfromA 2 B2A-SC32A3D2A3E-SA>F2A7

going fromA > B>
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Wind energy, the fastest growing energy source, can reduce the
need for power plants that burn fossil fuels.

Reducing the amount of fossil fuels we burn can have
wide-ranging positive effects on the environment including
cleaner air and water. It may also help reduce acid rain and
slow global warming. Scientists suggest that using less fossil
fuel; changing to renewable and alternative energy sources,
protecting forests and replanting harvested trees, and slowing
human population growth will all benefit the environment in
the long run.

Water and Water Pollution

Pollution may enter a body of water directly or indirectly as
runoff from a point anywhere in-a body of water’s watershed:

A watershed is the region draining into a river, river system,

or other body of water. Small watersheds make up larger ones.
For example, the Mississippt River drains a watershed of about
1,243,000 square miles. Precipitation that falls at-any point within
a body of water’s watershed will eventually drain into that body
of water.- Many kinds of pollutants can diminish water quality,
including toxic metals, industrial waste, agricultural chemicals,
household products, petroleum products, and heat.

ENVIRONMENTAL SCIENCE
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FLUBMARN TMPACT ON THE BIOSPHERE

Fertilizers

Chemicals used to fertilize lawns and crops may be carried

by rainwater into lakes, streams, and other bodies of water.
Pollutants such as fertilizers and pesticides that enter our water
system from runoff are called noripoint source pollution because
the sources of the pollution cannot be traced to a single identifi-
able point. The phosphates in fertilizers are plant nuirients that
crops need, but if they get into ponds and lakes, they cause
overgrowths, or “blooms,” of algae. The algae can cover the
water surface, blocking life-supporting sunlight and killing
some forms of pond life. When the algae die and decay, the
decay process takes oxygen from the water, which in turn may
kill fish and other organisms.

Pesticides

Chemicals that farmers, homeowners; and others use to control
pests, such as ifisects, are called pesticides. Some pesticides
kill only particular species; but others are toxic to many living
things. Many of these toxic chemicals end up in the air, surface
water; and groundwater. Pesticides in rainwater runoff kill
millions of fish each year. Traces of pesticides can be found
in-nearly all of the freshwater fish in the United States.

DDT in the F@Gd, ;ham

A pesticide called DDT was widels y used in the 19505 and 1960s to kill
mcsqum}es and insects thatlﬁarmed crops. But SQT‘ also killed many
beneficial ms&cts and washed into bemas f water, where it was aﬁsarbed
by tiny water orgamsms Small mvertebrates;that fed on tha ccntammated
organisms were affected next. Fish ate the cantammated mvertebrates, .
and the fish were in turn eaten by bircis  this way, the DDT mc}ved :ts
way up the food chain. At each level, the pesticide became more
concentrated as a result of a phenamenén known as bmmagmfmat;orr
DDT killed many msm:ts, mvertebfates, fish, and songbirds The buildup
of the pesticide in the bﬂdtes of | larger b:rdsg such as brown gei;cans, -
bald eagies, and peregrine faicansf caused theaf eggsto e:ievaiep thm‘ ,
fragile shells. These thm-sheﬁeé 8ggs tended to break in the nest hefore
the young were hatched, causmg a rapzd and drastic decline in the
populations of these species. DDT's effect on birds received wide pubi
attention when Rachel Carson Qub ished her book Silent Spring {1962),
which heiged rally pubisc support for thes han of mﬂsi uses of QD‘?

s
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Toxic Metals and industrial Pollutants

Mercury, lead, and other foxic metals that are mined orused in
industry have contaminated bodies of water. These toxic metals
as well as'PCBs {synthétic chiorine conpounds once used in
paints, adhesives; lubricants, and electrical equipment) are also

examples of watérborne pollutants that become more concen-
trated as they move up the food chain: Many states have issied
health warnings be: ¢ f

Housshold Products
Some chemicals used in househ % cause watsr
’%"ggg you disan the ba noe, the clean
the drain, %ég;;.é % appens o the waler
wrosnivirhan ared. hat wasiswanw B
i ;é nt, where i i Bltered and freated
= > reroved andd the waler mmused
I rural aveas, wastewaler iy be piped inlo 2 septic fank
he 5;1:; ¢ fank ang flters down inio
i more oxic %_éé?? %%;% the soilcan é%i%?% the
aiso enter the f%z?{%%s%

= "é%i’g =freait

Hazardous

housshais
orodudis incluge
pesticides, sainis,
soivents, drain
cleaners o,
gasoine and

gar batigriss.

mmgﬁiﬁmg'%%%s%&i@%&% Yiater
asnd wastes spread over the leach field, where the sofl filters out some chemicals

and decomposers break down organic matter
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RBeducing Water Pollution

There are many ways 1o reduce waler 1o
keep fertilizer out of runoff by using ond
2 time or by switching 1o {arming praciices

biological controls. For example; they might use'natural

There have been improvements in water quality in the
United States thanks to the Clean Water Act: For example, it is
against the law to discharge any toxic pollutants into surface
waters. In addition; most states have now passed laws that
require power plants and other factories to cool water before
releasing it back into rivers and streams: Even though some
sources of water pollution have been addressed, much
more ¢an be done.

Protecting Water Resources
One
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Soil
Soil has layers. The top layer, or litter layer, consists of leaves,
twigs, fungi, animal wastes, and partially decomposed organic
materials. The litter layer is thin and usually dark brown
or black.
The next layer—the most fertile—is called topsoil.
The depth and fertility of topsoil are factors that determine
what kinds of plants can grow in a particular environment.
Topsoil contains most of the roots of plants and most of the
soil’s organic matter and is the storehouse for water that
plants need to grow. Decomposers, such as mushrooms and
other fungi, in topsoil make nutrients available to plants.
Underneath the litter layer and topsoil is the subsoil.
This layer consists of broken-down rock materials including
sand, silt, clay, and gravel. This layer does not contain any
nutrients or organisms that can support plant growth. Below
the subsoil is bedrock, the unweathered rock that was broken
down to make the soil.

OAKTREE

Soil layers

i

b
4
WOOD SORREL
FERN HONEY FUNGUS

MILLIPEDE

EARTHWORM

LEAF LITTER
MOLE
TOPSOIL

SUBSOIL PSEUDOSCORPION

ROOT NEMATODE
SYSTEM

FUNGUS
BEDROCK sPRINGTAILL PACTERIA

In most soils, the layers include the litter layer, topsoil, subsoil, and bedrock.

ENVIRONMENTAL SCIENCE
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HUMAM IMPACT ON THE BIQSPHERE

Soil Erosion

Soil erosion is a natural process. Wind wears down mountains.
Sediments, carried in rivers, build up deltas. Wind, water, and
ice all contribute to natural soil erosion. However, the litter and
topsoil layers of soil help prevent erosion because they contain
plant roots and air spaces that absorb water. When plowing
digs up roots or logging removes trees from the soil, topsoil
becomes exposed to the natural forces of erosion. When topsoil
is lost, the soil beneath it is often less fertile and unable to
absorb water. Farming, logging, mining, construction, overgraz-
ing by livestock, and burning forests all destroy the soil plant
cover and speed up erosion. Today, soil is eroding faster than

it forms on about one-third of Earth’s croplands.

Land Pollution

Paper and plastic bags, aluminum cans, glass bottles, orange
peels, eggshells, old tires, old homework assignments, and
worn-out clothing are just some of the trash, or solid waste,
that people throw away every day. Garbage trucks across the
United States collect 132 million tons of solid waste every year.
Most solid wastes are dumped in sanitary landfills and
then covered with a layer of soil. Wastes such as grass clippings
and spoiled food are biodegradable, that is, they were once liv-
ing organisms, so natural processes can break them down.
Wastes such as plastics or glass bottles are nonbiodegradable—
natural processes cannot break them down. Nonbiodegradable

Signs ,dféms'i()ﬁ and'!andr‘

degradation include the followinc
Mud and silt on sidewalks an
driveways after a rain

Exposed tree root

Muddy water in a strea
orrver

50 ENVIRONMENTAL SCIENCE



vas ees into landfills; abot
- and gi;&%é: 15 percent is incinerated,

W
i o
4
o
b Ol
2
it
o
£ 8
"%z;v* ¥

i b

.
2
1, M”w
&
0
e
4
i

i

ates
Senedirmtnial o SIS P
indusirial chemicals, or
o

in

i 4
5 8
4
poy e
o B
g5
% &M

I

>

With funding from the federal Superfund program, the
Environmental Protection’ Agency . is investigating and cleaning
up more than 85,000 hazardous Wwaste sites across the country:

e

Eachyear

American office
workers discard
about 4 million
tons of pager.
That's encugh 1o
butid 2 1200t
wal rom New
Yokl
ingAngsies

Hazardous
wastes ars any
solid wastes that
contain toxic
compounds, are
unstable, catch
fire sasiiy or

corrode metas
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Solutions to Land Degradation

Scil Conservation

Farmers around the world have learned 10 use a variefy of
methods to conserve soil and prevent soil erosion on their
fields. In the past, bare, newly plowed soil was often left
exposed to winds and rain for months at a ime. More recent
farming practices, h{;wevai s:e%%%zezsé l&&& f&smess Ee&ve a
o g;: cover on the soil at all times. In
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HUOMAN IMPACT ON THE BIOSPHERE

Hazardous Wastes

Because of the dangers hazardous wastes pose to the environ-
ment and the difficulties associated with their disposal; reducing
the production of hazardous wastes is the most desirable goal.
Various local, state, and fedeval laws regulate the disposal of
Hazardous wastes:

Some hazardous wastes can be treated to remove the toxic
materials with biological controls such as bioremediation. When
bioremediation processes are used, organisms such as plants
and bacteria destroy hazardous wastes or make thern harmless.
Bioremediation is sometimes used to help clean up oil spills
and to clean up streams and groundwater contaminated with
hazardous waste.
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Endangered and Threatened Species

During Earth's history, many species have become extings, that is,
all the individuals of a given species have died, and the species
has disappeared from Earth. Scientists estimate that 99 percent of
all species that have ever lived on Earth are now extinct. Some
species, such as the giant ground sloth, died out gradually as the
environment changed and the species was tnable to adapt to the
new conditions. Others, such as the Carolina parakeet, have
become extinct because of human activities.

Three species that have become extinet are {1} the giant ground
stoth, {2} the hairy mammoth, and {3} Indricotherum, the largest
fand mammal that ever lived.

A species that has so few individuals left that it is in danger of
extinction is called an endangered species. Some endangered species
include the giant panda of China {only 1,600 left in the wild), the
black rhinoceros of Africa (3,100 remain}; and the whooping
crane of North America (fewer than 500 are left). About
500 species, both plant and animal, are endangered
in the United States.

In recent years, thanks fo efforis by
wildlife workers, the whooping crans
population has snjoved some growth.



HUMAN TMPACT ONTTHE BIOSPHERE

Threatened species are species that are losing members at such
a rate that they will become endangered if nothing is done to
change the situation. African elephants are an example of a threat-
ened species. Even though there may still be 500,000 elephants in
the wild, this number is down from the 3 to 5 million of the 1930s.
1f people continue to illegally hunt African elephants for their ivory
tusks, the elephants may become endangered.

Many species of manatee are endangered or threatened.
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Causes of Extinction

Many scientists believe that the fossil record indicates that many
species have arisen, dominated land or sea, and then become
extinct. They believe that several times during Earth’s history,
there have been mass extinctions in which some catastrophe
wiped out most of the then-existing species. During one such
episode, scientists say, the dinosaurs died. Scientists believe
that an outside event, such as the impact of a huge asteroid,
caused most mass extinctions by changing Earth’s climate.

On Earth today, however, extinctions are happening at an
alarming rate as a result of human activities. Scientists estimate
50 to:200 species become extinct daily. Humans are severely
damaging some of our critical ecosystems, such as tropical rain
forests and coral reefs. Urnifortunately, these two ecosystems
have the greatest biodiversity of any ecosystems on Earth:

Extinction Solutions

Laws are now in place to preserve and manage endangered
species’ natural habitat.:Recovery programs also have been
developed to capture some of the individuals; help them
reproduce in captivity, and then put them back into a suitable
habitat. This approach is often used when there are only a
few individuals of an endangered species remaining. Such
programs have saved animals such as the American alligator
and the California condor.

In addition, legally protected wilderness areas that preserve
entire ecosystems have been set aside. National, state, and inter-
national parks and wildlife refuges have been established to
protect wildlife: In the United States, the National Wildlife Refuge
system includes more than 500 protected ecosystems: Most of
these refuges are wetlands that are managed to protect migratory
waterfowl, but every other organism in these ecosystems

benefits from protection as well. Even so, protected wild-
life sanctuaries. make up-only 6 percent of the land area
worldwide. Regulated wildlife management programs
protect species where hunting is allowed. They make sure
populations of wild animals are not overhunted.

The dodo was a flightless bird that lived only on theisland
of Mauritius, near Madagascar. It was abundant there when
sailors first arrived in the 1400s. The dodo 'was hunted for its
meat and became extinct in 1680, less than 200 years after
sailors first saw it.
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How Honey Is Made and Extracted

When a worker bee enters'a flower, she sucks in the nectar and
carries it in her honey stomach. During ber trip she adds some
saliva that cobtains the enzyme invertdse to %&ig gg;ﬁ%?i nectar
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e igg?f%‘ %; 4 § *%5} hive,

EWaA

each scale ﬁf wax it seﬁeias, chews it, and uses it

to form the honeycomb. With nourishment from honey and

pollen, the eggs develop in individual honeycomb cells into

larvae, pupae, and %E%’%%é??é%ﬁv &?;ﬁﬁ% into fully formed bees.
Beckeopers hatvest beeswas %:m% and ?s  mel
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The Beehive

Muitipart hives allow beekeepérs t0 manage bees efficiently.

They serve as a safe home for bees and as 2 practical and

manageable collection station for the beekeeper. In these hives;
ﬁ‘h {{‘%%3?}, is surrounded by a wooden or s%és»g%: é’éﬁ%&é} ié’sg&
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These boxes are used by the bees and managed by the beekeeper
to provide an area where young bees can be raised. Some honey
and lots of pollen also are stored there and used to feed the
developing young bees.

Each rectangular frame provides support and surrounds
comb foundation ' made of pure beeswax. Foundation is a sheet
of beeswax or plastic embossed with the typical six-sided cell
otitline. This gives the bees a head start on where tobuild their
beeswax honeycomb and store honey and pollen:

If you choose to pursue requirement 3G{3}~ fi
whether you are allergic to bee stings. To dete
an allergist or your family physician. If you are
sting& you shmsid chmse another‘{)pﬁan wi i

tmg a beekesper in your state, visit www. beecufture
on “Bee Resources” then “Find a Loc:a Beekeeper”

OUTER COVER
INNER COVER

SECTION SUPER

SHALLOW SUFER

X
QUEEN EXCLUDER. .

HIVE BODY

BOTTOM BOARD
The human-constructed
HIVE STAND beehive must have
movable frames to
be legal.
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Every. hive has a warehouse, where bees store honey not
needed to feed: their young or for everyday feeding but to save
for winter months. This warehouse is simply a deep or medium-
size~or even smaller—box called a shallow, or a special box
calls:for wearing used for producing comb honey.

Between the boxes where brood are raised, and the boxes
above this area, some beekeepers use a queen excluder to make
ing and using the colony management easier. This device is made of a wire grid
with spaces in between that are large enough for workers to
pass through but too small for queens and drones. When
For more - infor- placed between the hive body and the honey supers, the queen
cannot enter the honey storage area to lay eggs.

: : A thin inner board sits atop the moveable frame hive to

Gardening merit help insulate the colony from heat and cold. Above that sits an

badge pamphlet. outer cover, which helps protect the inside of the hive from
inclemnent weather. Since the outer cover tends-to blow away in
high winds, many beekeepers place rocks or bricks on top to
help hold it down.

As the colony expands or contracts, boxes can be added or
removed. The boxes toward the top are usually used by the
bees to store honey. Often called honey supers, these boxes are

removed from the hive when it is time to take the honey crop.

Help! We're
Being Robbed!
 Any bee can be a robber. Robbers
,‘gen‘eraliy overpower the guards of
a weaker colony and carry the food
supply back to their own hive. A
beekeeper who sees bees flying
around the hive corners or entrances
with a quick motion should suspect
robbing. To help prevent robbi
keep the hive cover bee-tight.
Don't leave frames exposed wt
honey is scarce, and don’
hive open long.

Beekeeping

the proper cloth-

proper tools.

mation; seethe
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Harvesting the Supers and Extracting the Honey

It is time to extract honey when 75 to 100 percent of the honey-
filled cells are capped over; which means the honey is sealed
into-the cell with wax. First remove supers that are not quite
full and replace them directly above thé queen excluder. Above
the partially filled supers, place those that are completely
capped and ready to harvest.

Then it is time to separate the bees from the frames in the
filled supers. There are several ways to do this.

¢ Brush off the bees in front of the hive so they go right back in.

s Use a bee escape board, a board with a one-way entrance so
that bees above the board in the capped honey frame can go
below 10 keep warm at night, but not return the next day.

» Use a fume board, a device that puts a smell into the super
that bees don’t like so they leave.

s Use a bee blower if there are lots-of bees. This works much
like a leaf blower, dislodging the bees from the super once it
is removed, then they can fly back to the hive.

Once the honey-filled supers are harvested, it’s time to
extract the honey. Place the supers in-a warm room if possible;
honey flows faster and strains easier when it is- warm." Also,
warm cappings wax is easier to remove than wax that is cold
and hard.

Set up an extracting area with the warmed supers, uncap-
ping tank, and uncapping tools nearby. Some beekeepers
use electrically heated knives, some use sharp uncapping
knives heated in hot water, and others use large machines
that do this task automatically. Keep the extractor close to the
uncapping tank so uncapped frames can immediately go into
the extractor.

‘ia‘ra"‘ﬁvs sty les of
ar usnaiiy h(}ids ;

rad;ai extracter m
An axperteneed b
extractor.
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In-winter, some
beekeepers mount
an entrance-
contracting cleat
on the bottom
board that makes
the entrance
smaller. This helps
keep out cold

air and makes

the entrance
easier to defend

from rabhers.
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If you are using

asmall extractor,

you will be uncap-
ping faster than
you are extract:
ing. Have aclean
tub of some sort
in which to store
uncapped, honey-
dripping frames
until you can

extract them.

Be sure the extractor is well lubricated-and the gate at the
bottom isn’t stuck shut. Anchor it to the floor or something

s 501id {0 help keep it from moving around. Place the strainer on
top of the empty pail. Keep it and multiple pails clean and
ready to use, along with empty supers for when you remove
frames from the extractor. The frames will be sticky and drip-
ping honey, so protect the floor below the supers where they
will be returned.

Use a hive tool to loosen frames in the first super you will
uncap so they -are easy to grasp and remove. Place the first
frame on the crossbar that rests on top of the uncapping tank.
The bar often has: a nail sticking out where you can rest the
frame, making it easy to turn since you uncap both sides before
placing it'in the extractor.

Begin cutting the wax capping from the top or bottom
{(whichever way works best for you) of the frame, tipped so0 that
the wax: capping falls off the frame into the tub below. After
enough combs are uncapped, load the extractor. Extracted, liquid
honey, strained and clean, is now ready to be bottled.
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Hiving a Swarm
Bees like to swarm. |t’s their way of dividing a colony.
Part of the colony leaves to establish a new one. Those bees
leave a number ¢ ggg»s:z celis and enough w ‘*%f’ bees behind
oy "55‘2%’% the sxisting colony. I you want fo increase the
olomies; welcome 2 swarm, You will
need to know %{;‘%f 5 handle %sé swarm %%éé bechernens will
; coloniss and prevent swarming
Beoat §§§¥§§§é§§% %%fs: %%i%‘ s swarm.
warin wil Pnfien
it 2 new home,
rm clusters on a {:\‘% or ree %?;g é{?@: o the ground,
%g%:f it directly into an empty beehive or brush the beesinto a
buriap bag or five-gallon bucket that is fitted with a screened top.
Take the bees to where you want to set up 2 new hive.

I you have the queen in your swarm, the bees will be very
calm and start marching right in to start their new colony, [f the
queen is missing, the bees will escape from the hive i ssarch of
her They may ;é s\gzg o az%&zé%gg >?§ is :?gg{é i her

o
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s Dividing a Colony
Some beeckeepers don’t wait for a colony to swarm; they divide

For more informa- - jt in early apn‘ng, Beekeepem divide'a colony to help build up
;;z;*;@%}?f colonies, but that s 1ot survive,

2 breeder toobls
%g};%%}g; %zs;z% k

miake sure the

'fhen give ﬁae bees a good sﬁai&e iﬁ get them new mﬁm}
on the new stand. The older field bees will fry to ﬂy back to their
old home and wﬁl ieave the \munger ones behmd in the new

7, vou

muia sumnmﬁe a npe queeza ce?% or a frame e;f very msmg
larvae and allow the bees to raise theif own queen—although
this method is less reliable. The best recipe for success is to
have a super sirong iiﬁi%é § and %i%?é’é? of nectar ;;;% polien
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Assessing Environmental Impacts

Now that you have seen how human activities affect the
biosphere vou can begin m understand how hard it is:1o
e environmental effects of any f%;?é?%%ﬁé{%

Environmental impact Statements

When a federal agency proposes new regulations or actions
that may affect the environment, it is required by law to
rep&m an e:wimnmenml asse»:smem {EA} or an environinental

{EIS): Federal, state; ‘§%§ ;{gé 4 §ﬁ§§z§§$ g}éé he

e i
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Think Globally, Act Locally

As a Scout, you are expected to leave your campsite cléaner
than you found . Woildn't it be great if eveéryone on Earth felt
the same way about protecting the environiment?
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TAKING ACTION

‘Ten Ways to Re ,

. Walk, bike, or .

éﬁemicéi weed k‘ii%ers;

Use a rake instead of a | hif:;wer Gas»;m ’e’
much air pollution as , ,

ep organic matter o iandﬁiisby making
lippings, raw k scraps, and of
yin. Keep the pile m nd mix it regula
onths, the mate 1l break down a
replacement for cal fertilizers.
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TAKING ACTION

Ten Ways to Caﬁsefve Ressu

° Tum cff hghts ans,

few minutes.

ut off the faucet
en you are brus|
;teéi*h or washing

e reuse, nd
€ paper pmc}uct

s, aluminum, stee

plastic ﬁems‘ ~

Ask your famiiy s per ssion to ?ewer the thermostat. If each Amencan
household o lower its av age heating temperatu by 6 degrees

pipes, ask ?fjrou an he

ng water”savmg

72 ENVIRONMENTAL SCIENCE



TARKING ACTION

One very important thing
you can do that will have long-
range benefits for the environ-
ment is plant trees. Planting trees
helps conserve forest resources
and provide habitat for wildlife.
Planting trees also helps counter
air pollution. Like all plants; trees
take in carbon-dioxide for photo-
synthesis. More trees means
less carbon dioxide enters the
atmosphere. Contact a local
conservation group and find
out if your troop could help with
tree plantings in a natural area
that is being restored: Or ask permission to plant trees at your
school or at a local park. You might even organize a class or
school fundraiser to protect tropical rain forests in Central and
South America. Doing positive things like these makes you an laws restrict
environmental activist.

Even though

gollution, there

are not enough

law enforcement
officersto watch
, every potential
'8 cons 0oTais 1 e polluter. That
_Be conservation-m : ;
- is why private

. g citizens, like you,

Environmental Activism

Suppose you organized your troop to clean up a local creek or .

plant 100 trees? You can . make a difference. the environment.
How much of an impact would you make? Every time one  After all, it is the

person starts an environmental project, talks about it; advertises y

it, and then completes it, other people notice. They figure that ~8ir you breathe,

if you'can do it; 50 ¢an they. This is how an environmenial the water you

movement begins.

must help protect

drink, and the
tand you inhabit.
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Careers in
Environmental Science

Thinking about a career in environmental science? Environ-
mental science is the study of how humans-and all living things
interact with one-another and with the nonliving environment;
s0 just about every scientific field involves environmental science.
To have a career in science, you must go to college and
earn at least an associate’s degree for a technical position, a
bachelor’s degree for a professional position; and 'a master’s
degree or doctorate degree for a vesearch or teaching position.
To work in environmental science, you may want to explore a
career-in the natural sciences, physical sciences, or engineering:

Occupations You
Might Choose

Companies-and agencies working in the
fields of environmental science or conserva-
tion hire employees for a great variety of
occupations. Government agencies from
the U.S. Army Corps of Engineers to.the
Environmental Protection Agency hire
scientists and ‘managers to write and review
environmental impact statements: Scientists
and engineers work in government and
industry laboratories to develop wind,;
solar, geothermal, and other alternative
fuels to reduce our need for fossil fuels:
Environmental lawyers help companies
follow environmental laws. Environmental
engineers design projects that are environ-
mentally sound.
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Manufacturers hire chemists, engineers; physicists, mathema- | eessse——————"—
ticians, planners, and managers to develop more efficient manu-
facturing technologies, new environmentally safe products; The USDA Forest
and technologies o reduce, reuse, and recycle waste products.
Other companies employ people to properly transport and
dispose of municipal, agricultural, and industrial wastes. the warlds

Scientists working in ecology, toxicology, physiology,
meteorology, geology, and many other sciences develop
products that are more environmentally friendlv. They also science research
research the environmental Impacts of human activities.

Farmers, agronomisis, entomologists, geneticists, water-
resource managers, soil scientists, foresters, wildlife managers,
and range managers help conserve wildlife, soil; and water
resources through improved farming techniques and manage-
ment of wildlife resources. They also help reduce the environ-
mental hazards of pesticides by developing and testing
pest-control techniques.

Oceanographers, fishety biologists, and fishery managers
work on developing ways to maintain fish stocks and avoid
overfishing and water pollution. Wildlife managers, zoologists,
game managers, and naturalists work to preserve wildlife popu:
iations, breed endangered species, protect natural habitats, and
reintroduce recovering species into the wild.

Landscape architects; land-use planners, and developers
work to balance the needs of ever-growing urban and subuwhan
populations with the peed for wilderness and natural recreational
areas. Teachers, writers, illustrators, telovision reporiers, journalists)
and many others who proniote environmental education also
are environmentalists.

Service maintains
igrgest natural

organization.

Being an Environmentalist

Even if you do not choose a career as an environmental scientist,
vou can-and should be a conservationist and environmentalist
in-your own life and in any career you pursue. You can bring
an environmental awareness to the choices you make every day
as-a citizen, an emplovee, and & consumer. You can choose the
environmentally friendly option when shopping, using resourc-
es, and disposing of wastes.

No matier what vocation vou choose, remember to leave
“your campsite”—our planet Earth—cleaner than it was when
you arrived.
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Activities in
Environmental Science

These activities will help-you fulfill requirements for earning
the Environmental Science merit badge.

How Does the Environment Affect
Living Things?
You have learned that the nonliving parts of the environment

have important effects on living things. In this experiment you
will learnhow light affects earthworms:

PROCEDURE

Step 1—Cut the shoe box lid in half. Put
half of the lid on the shoe box so that it
shades one side of the box.

Step 2—Place a lamp next to'the middle of
the shoebox, close enough that it shines on
the uncovered part of the box.

Step 3—Place 10 earthworms on the
centerline of the bottom of the box so that
the worms are half in the dark and half in
the light.

Step 4—Observe the worms for five
minutes. Note their behavior in
your notebook.

Step 5—When your experiment is over;
take the worms outside ‘and return them to
the soil.
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OBSERVATIONS

1. ' What did the worms do at the beginning of the experiment?

2. How much: time did the worms spend-in the lighted part of
the box? In the shaded part of the box?

3. What nonliving environmental factor does the lamp represent?

CONCLUSIONS

An organism’s response to light'is called phototropism. An
organism that responds to light by moving toward it is said to
be positively phototropic.-An organism that moves away from
light is negatively phototropic. Which type of response did your
worms show? Why would earthworms react this way to light?

An Ecosystem Study

Every ecosystem involves complicated interactions between

the environment and the organisms that live there. You have
learned-about some of these interactions. In this project you
will use this knowledge to study an ecosystem.

Locate a beach; pond, lake; forest, meadow, undeveloped
land; or other natural area outdoors. Choose two outdoor study
areas that are different from one another. For example, a forest
and a grassy meadow, or a sandy beach and scrub woodland,
or a desert'and -a wetland.

Once you have selected your study areas, visit the sites and
write your general observations in-your notebook. Record the
types of ecosystems, the weather; soil types, dominant species;
and the season:

After making general observations about your study
areas; select ONE of the following two projects to complete
requirement 4. Before you begin your ecosystem study, get
permission from the landowner. Tell your parent or counselor
the location: of your study area and when you-are going to
visitit: Consider going with a buddy.
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Study Plots Activity

PROCEDURE
Step 1—In your chosen study areas, identify the ecosystem types.

Step 2—Begin at one of the two ecosystems you have selected.
Using a yardstick, stakes, hammer, and a piece of string, mark
out a shape, such as a square, that contains 4 square yards
inside its'boundaries. This is study plot 1.

Step 3—Sit beside plot 1. Begin your study by writing in your
notebook information about all the nonliving factors around
you.  Note the date, time of day, temperature, and whether it is
sunny or cloudy, windy or calm, rainy-or dry. If any of these
factors change as you observe the plot, make note of the
change: Note also whether the plot is flat or on a slope:

Step 4—Nexi, look at the living things in'the plot. If you can
see any nonplant species (fungi, insects, birds, etc.}, note their
common names or draw ‘pictures in your notebook for later
identification. Identify the dominant plant species you see. Use

a field guide to identify each dominant species by name, or make
a drawing of each’in your notebook. Use a magnifying glass, if
needed; to see the features of each plant and nonplant species.

Step 5—Estimate how much space each plant species occupies
in the plot. For example, in a grassy meadow, one species of
grass might occupy about 90 percent (nine-tenths) of the space
in the plot. Record this estimate next to the name of each species
in your notebook.

PLANT 7
56 INCHES
PLANT 3

/ / 24 INCHES

PLANT S

/ 24 NCHES

STRING

Side view of a study plot
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Step 6— Using a yardstick, measure the height range of identi-
fied plant species and add the data to your notes. Use these
measurements to draw a side view of your study plot. Try to
draw the plants to scale. (See the illustration.)

Step 7-—Go to the second ecosysteni. Repeat steps 1 through 6
for plot 2.

OBSERVATIONS

1. How many nonplant species did you identify in each study
plot? How many plant species?

2. What was the difference between the number of nonplant
and plant species in the study plots?

3. Which plot was more biodiverse?
4. What, if any, species did you find in both plots?

Nature Study Activity

In this activity, you will make three visits to each of the two
study areas, staying for at-least 20 minutes each time'to observe
the living and nonliving parts of the ecosystem. Your results
will vary depending upon when you choose to observe the
area. Your visits must be spread out enough that your observa-
tions: show differences between your visits.

PROCEDURE

Step 1—Decide on your schedule for visiting each of the
study areas.-Make sure your parent or counselor agrees with
your plan.

Step 2—On your first visit, arrive quietly, making as little noise
as'possible. Find a good place to observe wildlife. Make yourself
comfortable and have your notebook and pen or pencil-handy.
Note the date, time of day, temperature, and other information
such as whether it is windy, calm; sunny, cloudy, rainy, or dry.
Note whether your study area is flat'or on a slope. Draw a small
map of the area in your notebook, showing how it looks from
where you are sitting:

Step 3—0nce you are settled and have noted the envirorimental
conditions, begin your observation period. Identify any plants
you see (by using field guides or by drawing them in your note-
book for later identification). Note the stage of life cycle for each
plant species—that is, look for buds, leaves, flowers, seeds, and
so-on. Record these data in your notebook.

ENVIRONMENTAL SCIENCE
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Step 4—Each time you see another species, write down its
common name and describe its appearance or behavior. If you
do not know its common name, make a drawing of it and note
its size and color so that you can identify it later. If you have
a'camera {one that takes photographs gquietly!), you may

take photographs.

Step 5—Note and describe any sounds vou hear. ¥ you have

a battery-operated recorder, turn #on and let i ran for the
20-minute observation period. When an animal makes a sound,
note the time in your notebook so that you can identify the
taped sound later

Step 6— I vou have binoculars, ry to identify nonplant species
that are far away. For tiny organisms such as insecis and worms,
use a magnifving glass. Do not pick up or disturb any organisms.
Your role is to observe, not to interact with living things.

Step 7— After your observation period of at least 20 minutes is
over, mark your spot with a natural trail marker such as crossed
sticks or a stone cairn. Collect your materials and leave quietly.
Complete your notes by writing any other observations that vou
were niot able to note during the study period:

Step 8—Visit the area and repeat your observations two more
times, according to the schedule you set up in step 1. Be sure
o ohserve from exactly the same spot each time

{BSERVATIONS

1. During your study periods, which changes did you observe
in-the plant species that you identified?

2. At which times did you see more nonplant species
(e.g., birds, insects, fungi} during your observation period?

3. How did the time of day or season affect your observations?
4. How did environmental conditions affect your observations?

CONCLUSIONS

Write a report, based on vour observations. Include vour
general observations about the scology of your study
areas. Also inchide your findings and condclusions
from your detailed study.
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The Greenhouse Effect

This activity demonstrates how the atmosphere traps'the sun’s
energy to warm Earth’s surface.

PROCEDURE

Step 1--Using scissors, cut the tops off of two 2-liter soda bottles.
Make your cut about 4 inches from the top. Label one bottle “A”
and the other bottle "B

Step Z—Pour 2 cups of garden soil or potting soil
intg each boftle.
Step 3—Place a thermometer inside cach bottle.

Make sure the thermometers are placed at the
same distance above the soil in sach botile.

Step 4—Cover the top of bottle B with clear
plastic wrap and secure it with a rubber band
or fape.

Step 5—Place a lamp on a table, removing the
lampshade to expose the lightbulb. Position each
bottle exactly 1 inch from the exposed bulb. Be
stire 1o turn the bottles so that the thermometers
face away from the lghtbulb. (You may need 1o
shade the thermometers from divect light 1o get
accurate readings of air temperatures.}

Step 6— With the light off, record the tempera-
ture in each bottle invour notebook.

Step 7-—~Turn on the lamp.

Step 8—Using 3 watch, wait three minutes; and then record
the temperatures again: Record the temperatures in each botile
every three minutes for 15 minutes.

OBSERVATIONS

1. Did the temiperature in each bottle change during
your experiment?

2. Explain what the lightbulb and the plastic wrap represent
in this model of the greenhouse effect.

CONCLUSIONS

Compare your experimental setup 1o real conditions on Earth.
Using vour data; explain why the greenhouse effect makes it
possible for life to exist on Earth:
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Air Pollution

In this experiment, you will observe some of the particulates
that pollute air.

PROCEDURE

Step 1—Spread a thin filo of petroleum jelly on two paper
plates-or two white 3-by-5-inch index cards. These will serve
as_your air pollution collectors.

Step 2—Place one collector in an urban environment, such
as near a busy street. Place the other collector in a nonurban
environment, such as'ina field or a forested area.

Step 3—Protect each collector from precipitation by placing a
cover above it or placing it underneath an overhanging roof or
tree limb.

Step 4~ Leave both collectors in place for-one week.

Step 5-Retrieve the collectors. Using a magnifying glass, look
at the surface of each collector to identify any partictlates.

Step 6-—Place a sheet of clear plastic, marked off
in a grid of 1-inch squares; over one collector.
Using the magnifying glass, count the number
of particulates in four of the squares. Find the
average numnber of particulates in a square and %%«
record this number.

Step 7—Repeat step 6 for'the other collectorn

OBSERVATIONS

1. -What was the average number of particulates
on the collector left in an urban environment?
In the nonurban environment?

2. 'What do the particulates on the two-collectors
suggest about the level of air pollution in
each environment?

CONCLUSIONS

Using your data, report what you learned about
how particulates contribute-to air pollution in urban
and rural environments.
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Cleaning Up Qil Spills

When-an oil spill oceurs in-an aquatic environment, the first
step inthe cleanup process is trying to control the oil and keep
it-from spreading to coastal areas where it-would affect many
wildlife species. Waterfowl are especially vulnerable to oil spills.
The oil coats the birds” feathers, causing their feathers to clump
together and lose the ability to keep the birds insulated from
the cold. Oil-soaked birds often freeze to death. Others die after
conswining the toxins from the oil as they attempt to rid their
feathers of the oil. ‘At'least a half million waterbirds die each
year as-a result-of oil spills. In this experiment you can exarmine
several methods that-are used to clean up oil spills at sea and
speculate upon which methods might work best to reduce the
effects of the spill-'on waterfowl.

PROCEDURE
Step 1—Label four-aluminum pie pans “A,”“B,” “C,” and “D.”

Step 2—Using a measuring cup, pour 1 cup of tap water into
each pie plate.

Step 3—Measure 4 tablespoons of vegetable oil. Add 1 table-
spoon of vegetable oil to the water in each pie plate.

Step 4—In pan A, use a plastic spoon to stir the oil into'the
water. Then, using a straw, try to blow the oil into-one part of
the pan: Be careful not to touch the water with the straw.

Step 5-—In pan B, stir the oil and use a piece of string to try to
collect the oil and contain it'in one area.

Step 6-—Stir the oil in'pan C. Using a paper towel, try to
absorb the oil. Then use strips of newspaper; cotton balls; and
fabric scraps to try to absorb the oil. Récord and - compare how
well each material worked.

Step 7~ Stir the oil'in pan D; then add 1 teaspoon of liquid
dishwashing detergent to the water in the pan,

OBSERVATIONS

1.:What happened to the oil and the water when yourused a
straw to blow-the oil away? What conditions at sea might this
represent that would make cleaning an oil spill more difficult?

2 How well did the string work to-contain the ‘oil in pan B?

ENVIRONMENTAL SCIENCE



CONCLUSIONS

Scientists have developed many methods to clean up oil spills. In
this experiment, you explored several. Explain which treatment
worked best to clean up your oil spill. Would this type of treat-
ment be practical m an actual spill at sea? Consider how cleanup
methods might affect waterfow! and other organisms. Is a
reatment %%%:g or %'g%“f for them §§§§ the effects of the

when 3 source of heat
¥ §§§§§ The §§§§§§
watsr whers g;{gi Dass Hie
moderaie walsr whers

¥ for cold water where
3:;%3 ‘§ %%zi vou will discover

za%:; i%s fio on §z§§§§§§§ EEEE%& or *‘%%? “fes
not get é%}‘ﬁ% éei‘é i’%é’g‘éﬁ ?&Ez{%sz&sz%. Fil §§§€*§E %}azi; with g;z;;
water. Be very careful if you attempt to move a tank after you
have filled it with water.

Step 2—Place a thermometer in each tank and add a heat

source {aquarium heater, external lightbutb, or direct sunlight)

to one of the tanks. This tank should be raised to a temperature
ver 70 degrees Fahrenheit.

Step 3—Feed each of the tanks with enough fish o ‘}{% or Hguid
tanks. Record

;;%%3 fertilizer to ggg "%i;%‘é% fish or gégg?‘ ‘§ %
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and water. This may take a few days.

Step 3—Build three long, narrow boxes out of wood, shoe
boxes, or plastic or metal pipe. If you use cardboard, line the
boxes with plastic bags or foil and cover any seams with
adhesive or duct tape to prevent leaking.

it sit overnight.
Step 8—The following day, line up the three boxes in a row.
Place a brick, large rock, or book under the uncut end of each

box. Place a collecting pan, jar, or cup under the lower end of
each box below the cutout V. Photograph or make a drawing of

OBSERVATIONS

1. Describe the differences in the path the water took in each
of the three boxss.
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2. How much water ended up in each colled
three minutes? What was the color of Eﬁ% wa ze;‘ in sach

collecting pan?
3. How did the color and the amount of water differ in each
collecting pan after three minutes?

data and pholographs {or drawings),
poster. Fresent your posier o

Biodegradable Packing Materials

Items purchased online or from mail-order catalogs are shipped
in hoxes and protected with packing materials that range from
plastic bubble wrap to popcorn. Packing materials sometimes
enei zzp as hit.er aie)ng madsnde:; or ﬁaiae up %gace in Lmdﬁﬁs,

six small strips of newspaper.

Step 6—In bag 4, place a small piece of plastic bubble wrap.

Step 7—Fill each bag almost to the top with garden soil.
{Leave enough space to allow the bag to be closed.}
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Step 9—Close each bag. Place all four bags near a sunny window.

Step 10— After two days, open the plastic bags, stir the
soil, add half a cup of tap water, and reclose the bags.

Step 11— Wait three more days, then empty each bag onto a
sheet of newspaper and look for the packing materials in each.
Use a magnifying glass to examine each material.

OBSERVATIONS

1. Which packing materials showed signs of decomposition?

2. Which do vou think were biodegradable? Which
were nonbiodegradable?

3. Explain the differences between the materials that are
biodegradable and the ones that are nonbiodegradable.

CONCLUSIONS

Based on the resulis of this experiment, make a statement about
which kinds of packing materials are biodegradable and would
create less solid waste. What other kinds of biodegradable pack-
ing materials would protect fragile items during transport?

Qi Pollution on Land

‘What happens o the oil that leaks out of engines onto asphalt
parking lots? When it raips, that oil is washed onio the soil,
where it seeps down toward plant roots. Do this experiment
to find out how oil pollution on land affects plants.

PROCEDURE

Step 1—5et out a pitcher of tap water for 24 hours. Obtain four
small potted plants, such as pansies or another fast-growing
annual flower. Label the pots “A,” “B,” “C,” and “D.”

Step 2—0n day 1. place the four plants in a sunny window.
Water each plant with the same amount of tap water from
your pitcher.

Step 3—Use a ruler to measure each plant. In vour notebook,
record their heights, number of leaves, and any other important
characteristics you observe,

Step 4—Pour 1 teaspoon of motor oil on the soil of plant B,
making sure not 1o get anv oil on the leaves. Pour 2 teaspoons of

ENVIRONMENTAL SCIENCE g3
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oil on the soil of plant C. Pour 3 teaspoons of oil on the soil of
plant D. Do not put any oil on the soil of plant A.

Step 5—0n day 2, water each plant with half a cup of water
from the pitcher. Do not overwater the plants.

Step 6—Examine each plant daily for the next three days.
Write your observations in your notebook. On day 3, again
measure the height of each plant and record the number of
leaves. Also record in your notebook any color changes.

Step 7— At the end of vour experiment, dispose of the soil
contaminated with oil. Contact your local EPA offices or
hazardous waste agency fo find out where to take the soil
for proper disposal.

OBSERVATIONS
1. Why was it necessary not fo put any oil on the soil of plant A?

2. Why water the plants after pouring ofl on the soill What
environmental conditions did this action imitate?

3. What kinds of effects did vou see in the plants that were
treated with ofl?

CONCLUSIONS

(il is one of many toxic substances that can be absorbed by
soil. Explain why it is important to keep cars maintained so

they do not leak oil, and to collect used oil from gas stations
and garages for recycling.

Endangered Species

Endangered species can be found in every state and in most
countries around the world. Find out about endangered species
by doing this activity.

PROCEDURE

Step 1—To research the endangered and threatened species in
vour state, contact vour state’s departments of fish and game,
wildlife, or parks and recreation, or your environmental protec-
tion agency. The U.S. Fish and Wildlife Department reports the
endangered and threatened species by state. For more informa-
tion, see the resources section at the end of this pamphiet.

ENVIRONMENTAL SCIENCE
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state. ié%}%}&% one 353&%%3 %g% Es?éé}.

Step 3—GCo to the library or access the internet {with your
parent's permission] to find information about your chosen
species. Use at least four different reference sources. Research
hint: Ask your fbrarian if the fibrary offers access to magazine-

article databases such as Pro{Jusst or EBSCOhost.

—Find out %’%gfg the natu ;gé %%%%g of §§§ m&s i,

o i your reporh.

ol or troop.

How Does an Endangered Species Recover?

Sometimes a commitment of time, money, and other resources
can bring a species back from the edge of extinction. In this activ-
ity, you will research one such species and learn #s recovery story.

Bald eagle

ENVIROMMENTAL SOIENCE a1
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PROCEDURE

Step 1—Using resources you have found at the library, at home,
or on the internet {with your parent’s permission}, make a list of
endangered species that have recovered. You could write to the
Wotid wildlife Fumi ami other organizations that focus on plant
§§ s parmphilet for more informat ;i

Step 2—Choose one species that has recovered from near
sxtinction §§ %%;{g how ¥ recovered. Find out what i3
te a2 100-word report on the spegies.

Step 4 Discuss your report with vour counselor

§§¥g§§§§e§§§ Impact Assessment

PROCEDURE

Step 1—In your notebook, describe mnmmmca pmgm that

might be proposed for yo
g vernment. Suggested
way or bridge in a f;g;é area; %%.éé
g b ;{% ng a hicycle §§§§ or nahwre T3

T 2 vacant Iot for parking
e size and nature of the pio
%ﬁ%gsgi from i

= 2 suiiahle site for your oigs
maginary, bt thesite must bea w
oflowing data for the g?%%:i sites

b, What type of ecos
c. Has it been disturbed before?
d. Is it a habitat for an endangered or threatened species?

e. Does it slope? Would the soil be in danger of erosion
during construction?

’“\“A

s af the




g. Is there reason to believe important fossils or artifacts are
at the site?

h. Are there activities on lands next to the site?

Step 3—Describe how the proposed project fits into existing
plans for the area. For example, is the site the last empty lot in
a housing subdivision? If you are planning a highway, would it
cut through a state or local park? Will a bike path allow area
residents to bicycle to school or work rather than drive cars?

Step 4—Suggest ways the proposed project will likely affect the
environment. Answer the following questions:

a. Will the project cause soil erosion?

b. Will it disturb forests, grasslands, deserts, or
other ecosystems?

c. Will it disturb any habitats of endangered or
threatened species?

Step 5—Identify any effects of the project that probably will
be harmful but cannot be avoided. A bridge over a river to
connect two existing roads, for example, probably cannot be
built elsewhere, so the project’s negative effects may have to
be accepted.

Step 6—Suggest alternatives to the proposed project that
would protect the environment, yet still meet the needs of
people. Alternatives may include different prcject designs at
the same site or the same project built at a different site.

Step 7—Discuss the trade-offs between the short- and
long-term environmental losses and the short- and long-term
benefits of the proposed project.

Step 8—Determine how the proposed project would
permanently prevent other uses of the site. If a vacant lot
is paved, for example, then that land could not be used
for a community garden.

CONCLUSIONS

Based on your review of the proposed project, tell your
coun-selor what information would need to be included in
an environmental impact statement and whether you think
the project should go ahead as designed or be stopped. If
you recommend stopping the project, tell why and suggest
any alternative designs or projects that you would support.

ENVIRONMENTAL SCIENCE
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Environmental Science

Resources

Scouting Literature

Conservation Handbook; Fieldbook;
Animal Science, Chemistry, Citizenship
in the Community, Citizenship in the
Nation, Citizenship in the World,
Energy, Engineering, Fish and Wildlife
Management, Fishing, Forestry,
Gardening, Landscape Architecture,
Mammal Study, Nature, Oceanography,
Plant Science, Pulp and Paper, Soil and
Water Conservation, Sustainability, and
Weather merit badge pamphlets

W'th your parent's permi

the Boy Scouts of Ameri
retail website, www.scou
for a complete listing of 2
badge pamphlets and ot
Scoutmg materials and s&p;;ises

Adams, Douglas, and Mark Carwardme.

Last Chance to See. Harmony
Books, 1990.

Bickerstaff, Linda. Oil Power of the
Future: New Ways of Turning
Petroleum Into Energy. The Rosen
Publishing Group Inc., 2003.

Bowden, Rob. Waste, Recycling, and
Reuse. Raintree Steck-Vaughn, 2002.

Carson, Rachel. Silent Spring.
Houghton Mifflin, 2002.

Earthworks Group. 50 Simple Things
Kids Can Do to Recycle. Earthworks
Press, 1994.

Fasulo, Mike, and Jane Kinney.
Careers for Environmental Types
and Others Who Respect the Earth.
McGraw-Hill, 2001.
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Hall, Eleanor J. Garbage.
Gale Group, 1997.

Koebner, Linda. For Kids Who Love
Animals: A Guide to Sharing the
Planet. American Society for the
Prevention of Cruelty to Animals.
Living Planet Press, 1991.

MacEachern, Diane. Save Our Planet.
Bantam Doubleday Dell, 1995.

O’Connor, Rebecca K. Acid Rain.
Lucent Books, 2004.

Patent, Dorothy Hinshaw. Biodiversity.
Houghton Mifflin, 2003.

Pringle, Laurence. Global Warming.
Sea Star Books, 2001

. The Environmental Movement.
HarperCollins, 2000.

Rathje, William. Rubbish! The
Archaeology of Garbage.
HarperCollins, 1993.

Rybolt, Thomas R., and Robert C.
Mebane. Environmental
Experiments About Land.
Enslow Publishers Inc., 1993.

Wilson, Edward O. The Diversity
of Life. Norton, 1992.

Organizations and Websites
Earth 911

Telephone: 480-889-2650

Website: http://www.earth911.com
Environmental Protection Agency
Telephone: 202-272-0167

Website: http://www.epa.gov

Keep America Beautiful
Telephone: 203-323-8987

Website: http://www.kab.org
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MERIT BADGE LIBRARY

Though intended as an aid to youth in Scouts BSA, and qualified Venturers and Sea
Scouts in meeting merit badge requirements, these pamphiets are of general interest
and are made available by many schools and public libraries. The latest revision
date of each pamphlet might not correspond with the copyright date shown below,
because this list is correcied only once a year, In January, Any number of merit badge
pamphists may be revisad throughout the year; others are simply reprinied until a
revision becomes necessary.

i a Scout has already starfed working on & merit badge when a new edition for that
pamphist is infroduced, they may confinue io use the same merit badge pamphiet o
earn the badge and fulfill the requirements therein. In other words, the Scout nsed not
start over again with the new pamphiet and possibly revised reguirements.

Merit Badge Pamphiet Year | Merit Badge Pamphiet  Year | Merit Badge Pamphlet  Year
American Business 2013 | Family Lie 201& | Plani Sclence 2018
American Cultures 2013 | Farm Mechanics 2017 | Phasnbing 2012
American Heritage 2013 | Fingerprinting 2014 | Pollery 2008
American Labor 2018 | Fire Safety 2016 | Programming 2013
Arimal Science 2014 | Fiest Aid 2015 | Public Heslth 2017
Animation 2015 | Fish and Wildlife Public Speaking 2013
Archasoclogy 27 Management 2014 | Pulp and Paper 2013
Archery 2015 | Fishing 2013 | Radio 2017
Aschitecture and Fly-Fishing 2014 | Railroading 2015

Landscape Architecture 2014 | Forestry 2015 | Reading 2013
Art 2013 | Game Design 2013 | Reptile and
Astronomy 2016 | Gardening 2013 Amnphibian Study 2018
Athistics 2018 | Geneslogy 2013 | Rifie Shooting 2012
Automotive Maintenance 2017 | Geocaching 2016 | Robotics 2018
Aviation 204 | Geology 28 | Bowing 2034
Sackpacking 25 | Goff FHZE | Sefety 28
Baskeby F017 § Graphic Aris 2013 | Salesmanship 2013
Bird Study 2017 § Hiking 2018 | Scholorship 2014
Bughing sse Music) Home Repairs 2012 | Scouting Heritage 2017
Camping 2018 | Horssmanship 2013 | Scuba Diving 2002
Canceing 2014 | indianlose 2008 | Sculphye 24
Chemistry 2018 | insect Study 20118 | Search and Rescus 2018
Chass G | bwenling 2016 | Sholgun Shooling 2013
Citizenshin in the Journagfism 2017 | Signs, Signals, and Codes 2015

Community 2015 | Kayaking 2018 | Skating 2015
Citizenship in the Nation 2014 | Landscape Architecturs Smali-Boat Sailing 2018
Citizenship in the World 2015 {see Architecture} Snow Sports 2017
Climbing 2011 | Law 2011 | Soil and Water
Coin Collecting 2017 | Leatherwark 2017 Conservation 2016
Collections 2013 | Lifesaving 2017 | Space Exploration 2018
Communication 2013 | Mammal Study 2014 | Spors 2012
Composite Malerials 2012 | Medicine 2012 | Stamp Coflecting 2013
Cooking 2014 | Mstaiwork 2012 | Swrveying 2004
Crimee Provention 2012 | Mining in Society 2014 | Susiginability 23
Danlislry 2015 | Molorbosting 2015 | Teuils 2014
Digital Technology 2514 | Moviemaking 2013 | Thesgter 2018
Disabilities Awareness 2018 | Music and Bugling 2013 | Teafic Safsly 2016
Dog Care 2018 | Nature 2014 | Truck Transporiation 2013
Drsling 2012 | Mugioor Solenoe 2017 | Yoterinary Madicine 2415
Eleciricy 20313 | Cosanography P2 | Wter Sporis s
Elactronios 2314 | Orerdesing 26 | Weather 2013
Emergency Praparsdness 2015 | Painting 2018 | Welding 2018
Enemgy 2014 | Personal Fitness 2018 | Whitewsler 2005
Engineering 2016 | Personal Management 2015 | Wilderness Survival 2012
Entreprensurship 2013 | Pats 2013 | Wood Carving 2016
Environmental Science 2015 | Photography 2018 | Woodwork 2011
Exploration 2016 | Pionesring 2017
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