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USING PROJECT TELLUS

In Roman mythology Tellus was the
goddess of earth. From her sprang forth the
sky, the sea, and the mountains — in other
words, the air, water, and land. Today, taxed by
an ever-increasing human population and the
development and use of technology, these three
media (air, water, and land) and the life forms
they sustain are being forced into change.

The purpose of Project Tellus is to provide
middle school students an opportunity to
examine five issues on global change as they
relate to the states bordering the Gulf of
Mexico. The issues (treated in separate
modules) include biodiversity, exotic species,
climatic change, water quality, and
overpopulation. Anadditional program
focuses on the scientific method and process
skills. The environmental setting of the Gulf
Coast region is ideal for illustrating some of the
pressing ecological issues surrounding these
current or impending global changes. Each
module revolves around an interactive video
which melds the global change issue with
fundamental ecology concepts.

Teachers recognize that using video in
instructional settings is often a passive activity
for students. So, contrary to most, Tellus videos
integrate hands-on activities at specific intervals
to stimulate class discussion and participation.
The questions and activities engage students in
active learning, giving them opportunities to
relate the video concepts to their everyday
experiences. These scheduled interludes also
enable the classroom teacher to “teach the
moment.” Learning can be monitored and
misconceptions corrected immediately rather
than at the end of the learning experience.

The topics selected for Project Tellus
promote an understanding of the interdepen-
dence that exists among species and between
the living and non-living components in the
environment. Part of that interdependence is
driven home as students consider the pros and
cons associated with any human course of
action aimed at correcting environmental
problems.

The videos are also designed to encourage
critical thinking and problem solving strategies.

Students will learn to distinguish relevant from
irrelevant information and to synthesize prior
knowledge, experience, and values with new
knowledge in order to form a conceptual net-
work from which individual and community
action may emerge.

Project Tellus is divided into six modules.
Each module includes an 18-25 minute
interactive video and a video guide which
contains learning objectives, background
information, vocabulary, previewing and post-
viewing questions and answers, extension
activities, teacher instructions for the activities,
and student worksheets.

The following sequence describes how to
effectively use the videos and project materials.

1. Read the background information and view
the video prior to class.

e Some teachers may want to write
additional discussion questions to link
the video concepts to examples or
situations more in keeping with their
local area.

2. Review learning outcomes with the class.

* By telling the students exactly what
information they are expected to know
by the end of the module, they are cued
to information that will be relevant in the
upcoming video.

3. Review vocabulary words with the class.

¢ This allows students to understand each
term separately before it is linked with
other concepts.

* Important terms are in bold type in the
Background Information and are defined
in the Vocabulary section of the video

guide.
4. Ask the previewing questions.

» These questions are designed to activate
students’ prior knowledge. When



students relate new information in the
video to information already in long-term
memory, they are more likely to learn and
remember the new information.

An answer key is provided, however,
most of the questions allow a variety of
answers. Consider all logical and
relevant responses valid.

Show the video and have each student
participate in the questions and activities
included within it

It is not necessary to turn out the lights
for TV viewing — overtaxed students
may find it tempting tonap in a
darkened classroom. Viewing may be
improved, however, if lights are dimmed
over the screen.

Be prepared to pause the tape for short
discussions or stop the tape for activities.
The video tape will provide a clear signal
to begin the discussion or activity.

These interactive breaks in the video
change the student from a passive to an
active learner involved in developing his
or her own meaning from the
information.

The questions and activities allow for
immediate feedback to help the teacher

viii

identify and clarify concepts the student
finds confusing.

Guide the class through the postviewing
questions.

These questions allow students to apply
knowledge learned in the video. This
generalization of new knowledge causes
students to realize the relevancy of the
information.

[f teacher-generated questions were
prepared prior to class, this is a good time
to use them. A variety of applications
encourages the students to remember and
use the new knowledge.

Some of the questions can be used as the
basis for homework or research projects.

An answer key is provided, however, as
in the previewing questions, the key is
not all-inclusive and other answers
should be considered.

Assign the evaluation questions for
homework and review the answers during
the next class period.

The questions may be graded at the
teacher’s discretion. Studies have shown
that reinforcement and feedback help
students learn new material.
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TELLUS ABOUT SCIENCE

LEARNING OBJECTIVES
Students should be able to:

1. Identify and use science process skills in
problem solving situations.

2. Define the term "scientific method" and
list the steps used in scientifically solving
a problem.

3. Design and carry out a controlled
experiment, identifying the control group
and one or more experimental groups.

4. Distinguish between independent and
dependent variables.

5. Use graphing as a means to illustrate and
analyze data.

6. Form logical conclusions from collected
data.

INTRODUCTION

Many students have the idea that science
is a mysterious activity involving test tubes,
bunsen burners, and smelly laboratcries.
Further, they perceive scientists as gray-
haired, bespectacled men in white lab coats.
The following definitions from two Raleigh,
North Carolina, 6th-graders who were asked
to describe a scientist reflect this common
misconception:

A scientist 1s weird — probably never sleeps
or eats because he is always working. He tries to
make new discoveries. Scientisls experiment a lot,
and they are smart.

Emily Barnes, Raleigh, NC

Some scientists have big universities as labs,
others just have a tree to lean against and a
clipboard. When I think of scientists, I think of
someone in a lab coat looking into a microscope,
but I know a scientist can do many things.

John Troutman, Raleigh, NC

By helping students see that most people.

incorporate scientific principles and process
skills in everyday problem-solving situations,
this module will humanize the concepts of
science and scientists while it moves students
toward the stated learning objectives. Also,
by recognizing and practicing science process
skills, students will acquire the confidence to
use these in all academic endeavors.

TELLUS About Science introduces the
Project Tellus series and prepares students to
conduct the interactive lessons that follow in
the remaining modules — Biodiversity, Exotic
Species, Water Quality, Climatic Change, and
Overpopulation.

As these lessons proceed, students will
become aware of critical environmental
problems facing the Gulf Coast area. The
activities in each module are designed to
encourage creative thought and experiences
and this module on the scientific process will
provide students with the skills needed for
investigating questions that arise.

BACKGROUND INFORMATION

The scientific method — an orderly
approach to answering questions about
nature — has been used by scientists since the
early 1600s when Sir Francis Bacon proposed
it as a way to accumulate knowledge.

"



Although the pattern called the scientific
method is succinct and logical, it is contrary
to the natural spontaneity of youth. The
rigidity of following a list of steps often
intimidates or mentally restricts students'
abilities to think, observe, and brainstorm.
In order to bridge the gap between what
students perceive as "doing science” (which
sometimes is considered boring) and the
actual creative activity of inquiry, the teacher
may choose to lead the class through the
process once without identifying it as “the
scientific method.”

Present a situation which can be used as
a springboard for observations, then usher the
class through the process defining terms and
describing good experimental design. Using
an upbeat or local problem may stimulate
student interest in the activity. The idea
according to Don Herbert of the Mr. Wizard
Studios is:

Catch their attention.
Arouse their interest,
Develop a conflict.
Resolve the conflict.

=

Suggestions for situations which may
catch attention and arouse interest are:

* Drop a handful of acorns in a large
beaker of water. (Some will float
others will sink.)

* Put unopened cans of Classic Coke
and caffeine free Diet Coke in a large
beaker of water. (One will float, the
other will sink.)

¢ Place several pillbugs on a desk and
ask, “What type of environment do
pillbugs prefer?”

The following scenario is an example of
how developing a conflict and resolving it
might be done using the case of the two types
of soft drinks. (Adapted from “It’s the Real
Thing....” by Myra J. Halpin and Janice
Coftey Swab, Science and Children, April 1990.)

1. Put the unopened cans of Coke into the
water. (Usually, the Classic Coke sinks
and the Diet Coke floats.)

2. Have students state their observation.

Ask students to suggest hypotheses
based on their observation. Some arc:

¢ Sugar has more mass than nutrasweet.

¢ There is more carbonation (CO,) in
Diet Coke than in Classic Coke.

¢ The aluminum can containing Classic
Coke weighs more than the can
containing Diet Coke.

» The density of Classic Coke is greater
than the density of Diet Coke.

Write all of students’ plausible ideas on

the board. Emphasize that a good hypothesis
miust be a testable statement.

4,

Ask each student to identify the
hypothesis with which (s)he agrees
most, then group the class accordingly
in teams of 3-4.

Each team is to design a way to test its
hypothesis, listing chronologically the
steps of their proposed procedure.

After the brainstorming, have someone
from each group list the procedure on
the board under the appropriate
hypothesis.

As a class, choose one procedure to
discuss. In discussing the procedure’s
strong and weak points, identify, define,
and explain the need for the following
parts of a well designed experiment
(definitions are in the Vocabulary section):



¢ control and experimental groups

* using a large number of organisms or
trials for both control and experimental
groups

* the value of using metric
measurements

« the need for recording data in an
orderly fashion

¢ the difference between the
independent (manipulated) variable
and the dependent (responding)
variable

» the usefulness of math skills such as
averaging and graphing

8. Have each group re-evaluate its procedure
for good experimental design and make
changes where necessary. Students
should record changes on the board.

9. Allow time for the students to perform
the experiments, record results, and form
conclusions.

10. After each group reports its findings,
decide as a class which hypothesis was
most plausible.

11. Have students suggest other questions
that could be investigated as extensions
of this activity. Emphasize that most
research leads to new questions.

When the activity is completed, review
the steps followed and relate them to the
scientific method as outlined below:

* Identify the problem or question.
* State a hypothesis. Stress that in most
cases the hypothesis is preceded by library

research related to the topic.

* Design a controlled experiment to
test the hypothesis.

* Analyze the experimental data.
» Form a conclusion that states whether

the hypothesis was supported or
refuted by the experimental data.

During the video, emphasis will be placed
on practicing science process skills. Each
activity will build upon the preceding ones.
Having defined and worked through the
scientific method once will provide a common
framework from which to begin the video
information and activities.

TEACHING SEQUENCE
VA [ntroduction
and Background

ﬁ
1. Lead the class through '
the scientific method r

using the procedure and

one of the topics sug-

gested in the Background Information.
[50 minutes]

Terms to include are: scientific method,
observations, hypothesis, controlled
experiment, control group, experimental
group(s), metric system, independent
and dependent variables, averaging and
graphing. Refer to the Vocabulary section
for defimitions.

Group Experiment, Analysis and
Discussion of Results

2. Allow time for students to complete their
experiments, record data, and form
conclusions. [25 minutes]

3. Have each group report its findings, and
as a class, decide which hypothesis was
most plausible. [20 minutes]

4. Review the steps that were followed in
carrying out the activity and identify them
as “the scientific method.” [5 minutes]

5. Have the students answer the Previewing
Questions {page 6) for homework.

Previewing Answers,
Begin Video, and Do Activity |

6. Discuss the previewing answers then
collect the drawings — they will be
compared to drawings done at the end of
the module. [10 minutes]



10.

11.

12.

Show the video and do the first activity —
Observing a Mystery Substance. (Instruc-
tions for making the mystery substance
can be found on page 9.) Ask each group
to contribute in compiling a list of the
substance’s characteristics on the board.
[15 minutes]

Continue the video. [10 minutes]

At the pause, give each student a copy of
the instructions for the second activity —
Variation In the Mollusk Species Donax
variabilis. Have them read the introduc-
tion. Briefly elaborate on the following
concepts: species, populations, varia~
tions and optional terms - adaptations
and evolution. [15 minutes]

The Prelab Activity (pages 13-14) can be
assigned for homework.

Complete Donax Activity

Briefly discuss the answers to the Prelab
Activity. [5 minutes]

Have the students work in cooperative
learning groups to collect and analyze
data on variations in Donax. [45 minutes]

¢ Make a transparency of the diagram in
step 3 to use in explaining the
procedure for measuring shell size.

* Prior to graphing
the size and weight
data (step 6), review
skills related to
graphing —a
transparency of the
grids may be helpful

in doing this —
relate the following:
a. ;c;;htc; feessEnate e ::gg%%
; : BEATSES s>
independent variable 2
on the horizontal x-axis and dependent
variable on the vertical y-axis.

ey
oy
i)

b. How to divide and label the axes
with appropriate scale numbers —
determine range of data for the axis, then
divide by the number of grid marks on the
axis and round up to an easily manipulated

13.

14.

15.
16.

i7.

number; identify a scale number every 5
grid marks.

¢. How to plot the data onto the graph.

If necessary, have the students complete
the graphs and the Questions for Analysis
(pages 15-17) for homework.

Discuss Donax Activity, Watch
Remainder of Video, and
Complete Postviewing Questions

Discuss the Questions For Analysis.
[15 minutes]

View remainder of the video. [5 minutes]

Have each student complete the
Postviewing Questions (page 7). Discuss
the answers in class. [20 minutes]

[Optional] As a source of review and
closure, pose the following situation and
allow time for students to design an
experiment to answer the question.
(This problem is included in the Evalua-
tion section as a bonus question. See
pages 24-25 for an answer.)

A student notices hummingbirds coming to
red flowers in her backyard and wonders if the
birds are attracted to red more than to other
colors. Demonstrate your understanding of
the scientific method by designing an experi-
ment which may answer her question.

(HINT: hummingbird feeders filled with
sugar-water can be used as a source of food.)
Be thorough and creative in your explanation.

a. State a hypothesis.

b. Identify the control and experimental
groups.

c. Which factors in the experiment must be
controlled (be the same in all the groups)?



d. What are the independent and dependent 18. At the teacher's discretion, the Evaluation

variables? section may be assigned for homework or
used to accompany the next unit test.
e. How will data be recorded and analyzed? There are also activities in the Extension

section that may be used for further study.

cientific meastirerhen
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PREVIEWING QUESTIONS & ANSWERS

1. Give each student a sheet of white lineless
paper. Ask each to draw a scientist on one
side of the paper and define what a
scientist does on the other side. (The
remaining previewing questions can also
be answered on the back.)

Many students will draw the scientific
stereotype — a frizzy-haired male, wearing a
white lab coat and thick glasses. Direct their
attention to other careers requiring a
science background — forest ranger,
astronaut, engineer, veterinarian,
nutritionist, physical therapist, etc.

(At the end of the previewing discussion
collect the drawings, so they can be
compared to the drawings done after the
video.)

2. Why do scientists do experiments?
Experiments are performed fo answer g
question, solve a problem, or study different

conditions.

3. Name an everyday activity that could be
related to science.

Answcrs will vary but may include activities
such as planting a garden, cooking, changing
a flat tire, determining the easiest way fo move
a heavy object, or the fastest way to get to
school. List the suggestions on the board
then ask students to elaborate on how the
activity is related to science.

What types of characteristics can be noted
by observing an object, event, or
organism?

Observations may include physical charac-
teristics such as color, size, mass, shape,
texture, and smell. Chemical characteristics
may include how the object reacts when
combined with substances such as water or
oxygen. An organism's behavioral character-
istics may include when it eats, how it gets its
food, how it finds a mate, and if it is friendly
or aggresstve toward other species.

Give several examples of how we
organize and classify things to make our
everyday tasks easier.

Answers will vary but may include some of
the following:

¢ Students are classified by grades, divided
into homeroems, and may be seated in
alphabetical order in classes.



¢ The post office uses zip codes to speed up
the arrangement and delivery of mail.

¢ High school athletic teams are assigned to
divisions based on student population.

* Eating utensils are often placed in drawers
with dividers for spoons, forks, and
knives; cuptowels, pots and pans may
be assigned to other drawers in the
kitchen.

POSTVIEWING QUESTIONS & ANSWERS

1.

Give each student a sheet of white lineless
paper. Ask each to draw a scientist on one
side of the paper and define what a
scientist does on the back side.

Compare the pre- and postviewing drawings
for the number of males versus females,
number with glasses versus no glasses, and
number with lab coat versus no lab coat.

Look for diversity in the type of science being
performed. As a class, decide on a description
of what a scientist does. The answer should
reflect the idea of seeking knowledge about the
world (nature) through observation, measure-
ment, and experimentation.

Why are graphs and charts useful in
showing the results of an experiment?

They permit the easy organization of
information and rapid interpretation of the
data.

Name some models that are used to
explain things you have learned about in
classes other than science.

Examples may include:

* In social studies — maps, globes, graphs,
and charts

* In math — graphs, charts, formulas, and
models of geometric shapes

* In English — models of theaters such as the
Stratford-On-Avon, dolls depicting
the dress of a certain era of literature, and
sentence diagrams

Why are metric system measurements
used in scientific experiments?

The metric system is based on 10 and its
multiples; it is therefore easy to represent very
large numbers and very small numbers by
merely moving the decimal or denoting the
measurement with a prefix such as milli-,
centi-, or kilo-. Because the metric system is
used worldwide, communication among
scientists from different countries is easier.

EXTENSIONS

1. Graphing: On a field trip from a marina

in Ocean Springs, Mississippi, to Horn
Island, a barrier island offshore, the
following data were recorded:

Distance from Shore Salinity of Water
(km} {ppt)

5
12
18
20
23
30

RSN

1
1

Prepare a line graph to represent these
data, then write a statement summarizing
what these data show.

Classifying: Divide the class into coop-
erative learning groups of two to three.
Give each group a bag containing four to
six related items. Have the students
identify the characteristic that the items
have in common, then have them subdi-
vide the collection into smaller groups.
Have each group tell the class the type of
collection it has and the characteristics
used to subdivided it.

Suggestions for sets are: kitchen equipment,
buttons, plastic lids, things that are red,
things that measure, geometric shapes, beads,
efc.

. Interview: Identify an adult whom you

think uses science process skills in his or
her daily work. Interview the person to
learn the following:

* hours worked per week
* education required to do the job
* special talents needed

* the easiest and hardest parts of the job



* the range of salary one can expect

 any other information that describes
the profession

Use the interview notes to write a report
describing the particular profession; be
sure to relate how process skills are used
in the work.

Newspaper articles: During one grading
period, collect 20 science-related news-
paper articles. For each article do the
following:

» Mount it on a page of paper and put it
in a notebook.

* Write a short summary describing its
content.

* Identify four important science-related
words used in the article and
determine the meaning of each.



ACTIVITY 1

OBSERVING A MYSTERY SUBSTANCE

(Teacher Instructions)

Objective

» To practice making observations

Description

Students will work in small groups for
five minutes to identify as many charac-
teristics of a mystery substance as possible.
The mystery substance is a gel-like compound
called flubbergoo by some and oobleck by
others.

Materials
For mystery substance:

Borax solution (9:1 mixture
of water and Borax)

100 ml graduated cylinder

Tap water

White glue

Food coloring (box of 4 colors
allows for various color combinations)

150 ml beaker

Stirring rod

Plastic wrap

Reclosable plastic bag for storage

For class activity (per group}):

150 ml beaker

Plastic spoon

Sheet of paper

Pencil or pen

One plastic bag containing the mystery
substance

Procedure

1. Make the mystery substance a few days
before doing the activity. Prepare one
recipe for each group of 3-4 students.
Although the recipe can be multiplied to
provide the desired amount, making

4

separate batches allows each group to
have a different color. Kept in an airtight
container at room temperature, the
compound will last several months.

* Pour Borax into the graduated cylinder
to the 10 ml mark. Add enough hot
water to make 100 ml of solution. Mix
and set aside.

¢ Squeeze 40 ml of white glue into the
beaker.

 Stir in 20 m! of tap water.

+ Add 2 drops of food coloring (more
may be added to attain desired color
and intensity).

* Stir well.

* While stirring, slowly add the Borax
solution (20-40 ml}) until most of the
liquid has reacted to form a solid glob.

* Place the glob on a piece of plastic wrap
and let it sit for two minutes. Because
the compound is gel-like, it can be
shaped into other forms, but will
eventually flatten or take the shape of
its container.

» Store in a reclosable plastic bag until
ready to use.

On the day of the activity, set out the
following lab supplies for each group of
34 students:

* 150 ml beaker containing about 100 ml
of water

¢ plastic spoon

» sheet of paper

* pencil



3. After starting the video, distribute one 5. Have the students return the substance

bag of the mystery substance to each (by now they have surely given it a name) to
group. the plastic bag and wash their hands.

4. At the designated cue, stop the tape. 6. List their observations on the board, if
Have each group observe the mystery time allows.
substance and record as many of its
characteristics as they can identify in 7. Continue the video, alerting students to
five minutes. check their observations with those

provided by the narrator.
CAUTION: Because the compound

contains Borax, warn students NOT to [NOTE: The recipe for Flubbergoo is adapted from one
taste it, used by Flinn Scientific Inc.]



ACTIVITY II

VARIATION IN THE MOLLUSK SPECIES

Donax variabilis

(Teacher Instructions)

Objectives
+ 'To practice various science process skills

* To introduce the concepts of species,
population, variation, and evolution

Description

Students will work in small groups to
observe and measure variations among mem-
bers of the mollusk species Donax variabilis.
They will combine information in the activity’s
introduction with their collected data to answer
questions and make inferences.

Materials

Activity sheets for each student (pages
13-18)

Donax shells {enough for each group to have
25 shells}

Triple beam balances

Graph paper marked in 0.2 cm squares

Paper for labeling shells

Pencils

Procedure

A. On the day of the activity, set out the fol-
lowing lab supplies for each group of 3-4
students: paper for labeling, graph paper,
pencils, a triple beam balance, and 25 Donax
shells (you may opt to have students get
their shells at the beginning of the activity).

B. At the cue designated for Activity II, stop
the tape. Give each student a copy of the
activity sheets and allow time for them to
read the Introduction.

C. Explain the terms species, population, and
variation. Relate how variation influences
evolution. (Understanding this concept

will help students to answer some of the
Questions for Analysis.)

. Have students answer questions 1-4 in the

Prelab Activity. Suggested answers are:

1. Do variations occur in the species Donax
variabilis? or
What are some variations in the species
Donax variabilis?

2. The Introduction

3. Members of the species Donax variabilis will
vary in color, size, and weight.

4. By observing the color and measuring the
size and weight of a number of shells.

. Demonstrate how the students are to judge

color, and measure shell size and weight.

Allow time for students to collect the data.

. Review averaging and graphing skills, if

necessary. (See Day 4 of the Teaching
Sequence on page 4.)

. Allow time for students to make graphs and

answer the Questions for Analysis. (This
part may be assigned for homework.)

Discuss answers to Questions for Analysis.

1. Variations occur because parents differ from
one another and offspring are combinations
of the parents’ traits. (Older students may
mention concepts related to genetics.)

2. Variations are beneficial to species because
they may equip some individuals to survive
in a changing environment. For example, a
clam with a shell color that blends with the
color of the sand is more apt to avoid
predators.



10.

Evolution. (Inheritable variations that
are passed from one generation to the
next may over time lead to adaptations
and evolution in the species.)

Answers will vary. (This question
provides practice in analyzing data.)

Viewing the graphed data quickly shows the
most typical size and weight for Donax
shells. The most typical shell color can be
determined by counting the number of shells
in each color category — pink, tan, gray,
yellow.

Answers will vary but should be similar.

The average shell size may change some.
The greater the number of shells measured,
the more reliable the average becomes. (If
the shells were collected randomly —
without regard to size — measuring 25
shells should present a fairly reliable
picture.)

No. Based on observation, the shape of the
shell is consistent regardless of color or size.

Members of the species Donax variabilis

show variations in color, size, and weight. J.

{a)

Analyzing data — (Graphing and Ques-
tions for Analysis) Gave meaning to the
collected data and provided a basis for
forming a conclusion.

Inferring — (Questions for Analysis)
Helped in forming a hypothesis and in
relating background information and
collected data to a broader concept —
evolution.

Modeling — Not a part of this activity.

Communicating — (Questions for Analy-
sis) Provided an opportunity to share
results with other interested people and, in
this case, helped to establish whether the
collected data was consistent and reliable.

10. (b}

Experimenting and modeling are the two
process skills not used in the activity.
Answers will vary in regard to possible
ways of incorporating the skills. Tell
students to listen carefully for the
suggestions offered by the video
narrator.

Watch the remainder of the video program.

Variations for the Activity

Observing — (Procedure) Used to gather
data on shell color. Helped to form conclu- .
sion,

Measuring — (Procedure) Used to gather
data on shell size and weight. Helped to
form conclusion. .

Organizing data — (Procedure) Used to
record data in chart. Made the analysis of
data easier.

Classifying — (Procedure) Used to separate
shells into color categories.

Predicting — (Prelab Acivity) Used to form
the hypothesis.

Hypothesizing — (Prelab Acivity) Told .
what would be observed and measured
during the activity.

Experimenting — Not a part of this activity.

Donax shells (sometimes called butterfly
clams) can be easily collected along coastal
beaches. If a trip to the beach is not pos-
sible, try one of the following options.

Use zebra mussel shells. Zebra mussels are
exotic freshwater mussels that have invaded
many Gulf Coast rivers. Be careful to kill
the mussels in ethyl alcohol before trans-
porting them to the classroom. Clean the
organisms from the shells and rinse the
shells in tap water before distributing them
to students.

After the activity, store the shells for future
use.

Substitute ring openers from a variety of
aluminum soft drink cans (each company’s
ring is slightly different). Use the rings as a
model of variation within a living species.



ACTIVITY I

VARIATION IN THE MOLLUSK
SPECIES Donax variabilis
(an activity on
scientific processes)

Intreduction

A population is composed of all the members of the same species living in a particular
area. A forest near your home, for example, may have populations of squirrels,
sparrows, and pine trees, to name a few. Members of the same species are usually easy
to identify because they are very similar in appearance. You probably would have no
trouble identifying the members of pine tree and squirrel populations.

Similar though they are, differences among members of the same species do exist.
Sometimes the differences are easy to see, such as differences among your classmates.
Other times, differences are more difficult to determine, as when comparing two
crickets or two earthworms. Differences among members of the same species ate called
variations.

Variations are important in establishing which members within a population will be the
most successful. For example, the fastest deer will escape the most predators, owls with
the keenest vision will kill the most prey for food, and plants that produce the most
seeds will leave the most offspring for the next growing season.

In this investigation you will attempt to discover variations in a common marine
mollusk, a small coquina clam of the intertidal zone belonging to the species Donax

variabilis.

Materials (per lab group)

25 Donax shells graph paper marked in
{about 1 tablespoon) 0.2 cm squares
triple beam balance 25 squares of paper for
labeling shells
Prelab Activity

1. State the problem to be answered by this activity:

2. What part of this activity gives you the information you would normally get from

doing research?



3. Based on the information that you have, state a hypothesis (a trial answer) for the

problem:

4. How will you test your hypothesis?

FOLLOW THE PROCEDURE, RECORD THE DATA, MAKE THE GRAPHS, AND
ANSWER THE QUESTIONS FOR ANALYSIS.

Procedure
* Select 25 Donax shells at random from the container (do not try to pick special ones).

* Place each shell on a square of paper then assign each a number (1-25). Write the
number of the shell on its square of paper.

* Place a shell on the graph paper and determine its size. To do this, draw around the
shell with your pencil, remove the shell from the paper, and count the number of
0.2 cm squares that were covered by the shell. For those squares that were partially
used, estimate the amount of area covered (if the amount is half or greater, count it
as one, but if it is less than half, ignore the square}. Add the numbers together to
determine the shell’s size. (See example below.) Record the shell's size in the
appropriate space on your data sheet. Repeat this procedure for each of the shells.

|
P 2 N P ﬁ‘\ total number
ZR 4 N of squares
e covered = 14
| —_—

* Weigh each shell to the nearest 0.1 (tenth) of a gram and record the weight on the
data sheet.

* Determine the predominant color of each shell and record it in the proper space on
the data sheet.

¢ Using the guidelines given on the graph axes, enter your data and make line graphs.

5



Questions for Analysis:

1. Why do you think variations occur within a species?

2. Are variations beneficial or harmful to a species? Explain.

3. Over time, successful variations may lead to what phenomenon?

4. What is the most typical size, weight, and color for Donax shells?

size:

weight:

color:

5. How did you determine the answers to question number 4?

6. How does your graph on shell size compare to those constructed by other lab groups?

7. Would your average shell size change if you measured a larger number of shells?

Explain.

8. Does there appear to be any relationship between color and shape?

Explain.

9. Based on your analysis of the collected data, what conclusion can you form?

5



10. Below is a list of scientific process skills. All but two were used in this activity.

(a) Select the nine skills that were used to study the variation in the mollusk species Donax
varigbilis, identify where in the activity you used each skill, and explain why each was
an important part of the activity.

Observing:

Measuring:

Organizing data:

Classifying:

Predicting:

Hypothesizing:

Experimenting:

Analyzing data:

Inferring:

Modeling:

Communicating:

(b) Identify the two skills you did not use and explain how this exercise might be expanded

to incorporate each one.

5



DISTRIBUTION BY SHELL SIZE

Number
of shells
Number of 0.2 cm squares covered by a shell
DISTRIBUTION BY SHELL WEIGHT
Number
of shells

Weight in grams



DATA SHEET

SHELL NO. NUMBER OF WEIGHT OF SHELL PREDOMINANT
SQUARES COVERED COLOR OF SHELL

10

11

12

13

14

15
16

17

18

19

20

21

P
25

This activity was adapted from an axercise in Man and the Gulf of Mexico, "Diversity of Marine Animals,” compiled and edited by Bobby N.
Irby, Malcolm K. McEwea, Sheila A. Brown, and Elizabeth M. Meek, 1984, pages 53-56.

5



EVALUATION QUESTIONS

MULTIPLE CHOICE: Select the BEST answer for each statement.

1. Using the following table, determine the probable time of sunrise on Wednesday.

DAY TIME OF SUNRISE
Sunday 6:14 am
Monday 6:12 am
Tuesday 6:10 am
Wednesday ?

A, 61

B. 6:09

C. 608

D. 606

2. The answer to question 1 requires the use of which process skill?

A. prediction

B. measurement

C. experimentation
D. modeling

3. Ona field trip to a barrier island, a teacher made the following four statements, which one is
most likely an inference?

A. Theisland is two kilometers long.

B. Barrier islands serve as a buffer by protecting the mainland from strong winds
and wave action during hurricanes and storms.

C. Barrier islands are thin, narrow ridges of sand.

D. The sand that formed this island was probably part of a different island years
ago.

4. Using the graph below, determine which two times have the same temperature.

15

12 -

|a 9 -

f o]

h L

3 -

A. 6amand 6 pm |
B. 9amand6pm 0 +———r——T——v—
C. noonand 6 pm 6am Gam noon 3pm &pm

D. 3pm andgpm Time of Day



Which property was used to classify the substances below?

Group A Group B
Helium wood
water vapor rubber
methane ice

A. abundance on earth

B. chemical composition

C. size

D. state of matter (solid, liquid, gas)

Which of the following is an example of a model?

A. globe

B. ruler

C. encyclopedia

D. article in a scientific magazine

Instruments like the ones represented below are used to make

A. predictions

B. inferences

C. measurements
D. classifications

Which statement below could be considered a hypothesis?

Louisiana has over seven million acres of wetlands.

Gulf of Mexico.

O Nwp

supply?

Trou

water
apple juice
Kool-aid

The bald cypress tree grows better in a wetland area than in a dry area.
The states of Texas, Louisiana, Mississippi, Alabama, and Florida border the

What happens when pollutants like pesticides, make their way into the water



FILL IN THE BLANK: Some of the words below may be used to complete the statements.

10.

communicate dependent variable data
English system experiments graph
inference Metric system analyze
scientific method model control
independent variable observations chart

Data obtained by using the senses — smell, sight, hearing, taste, touch — are called

One student describes the liquid in a beaker as being clear and colorless. Another student

immediately responds, "it's water!" The second student’s comment is a(n})

The system of measurement used in science is the

A diagram produced by numerical data plotted on a gird is called a

Alogical and orderly way to investigate questions is called the

Oral presentations and written journal articles are ways that scientists

what they have learned.

Measurements and observations made during an experiment are called

The group in an experiment used for comparison to show whether the independent

variable is having an effect is called the

In a controlled experiment the factor that the investigator changes is called

the and the factor that responds

to the change is called the




SHORT ANSWER :

A student is preparing for the school science fair and has set up the plant study shown below.

e LIGHT SOURCE /
/71y Y VPN NN

POTTING SOIL
AND WATER

1. What is the question (problem) being studied in this experiment?

2. State a hypothesis for this experiment.

3. What type of measurements and observations could be made?

4. Identify the factors in the experiment that are apparently being controlled (the same for
each group).

5. What is the independent variable?

6. How could this experiment be improved?




BONUS:

A student notices hummingbirds coming to red
flowers in her backyard and wonders if the birds are
attracted to red more than to other colors. Demonstrate
your understanding of the scientific method by designing
an experiment which may answer her question.

{HINT: hummingbird feeders filled with sugar-water can
be used as a source of food.)

State a hypothesis.

Identify the control and experimental groups.

Which factors in the experiment must be controlled (be the same in all the groups)?
What are the independent and dependent variables?

How will data be recorded and analyzed?

L L

Be thorough and creative in your explanations.




EVALUATION - ANSWERS

MULTIPLE CHOICE:

Q) N
Ngen
oo ~] o~ N
=T

FILL IN THE BLANK:

observations
inference

metric system

graph

scientific method
communicate

data

control

independent variable
0. dependent variable

20N o U W N

SHORT ANSWER:

1.

Answers will vary, but should reflect the
problem of determining the best growing
medium for plants. For example:

* Do plants grow better in potting soil or in
sand? or

« What is the best type of soil for growing
plants?

The statement should be a testable answer
for the problem stated in question 1.
Examples are:

» The plant in potting soil will produce more
new leaves.

» The plant in potting soil will grow faller.

* Plants will grow better in potiing soil than
in sand.

e Plants will grow better in sand than in
potting soil.

Measurements may include:

¢ height of plant

* number of new leaves

* total mass of the plant at the end of the
test period

o amount of starch produced in the leaves.

Observations may reflect the color and
general health of the plant.

Factors being controlled are:

» amount of light, growing medium, and
water

* type of plant

* size of plant at the beginning of the
experiment

The independent variable is the fype of soil
being used as a growth medium.

This experiment could be improved by
* using more plants per category—control

and experimental groups containing at least
five plants each.

BONUS:

Be flexible in evaluating this question, but
look for the elements of good experimen-
tal design discussed during the unit:

* a hypothesis that is testable

s use of a control

» all factors identical in the experimental
and control groups except the presence
of or changes in the independent
variable (in this case, colors other than
red; red would be the control)

* good description of how collected data
will be organized.

A typical response may be:

a. Hummingbirds are attracted to red more
than to other colors.

b. To experiment:

¢ Set up four hummingbird feeders in the
same part of the yard.

* Put different colors of sugar water in
each feeder.

» Count the number of times
hummingbirds come to each feeder
during a 30 minute period each day for
two weeks.



c. Factors to control (keep the same) are:

* amount of sugar in the sugar-water
solutions

* location of the feeders

s amount of sugar-water in the feeders at the
beginning of each observation period

s length of observation period

d. The dependent variable is the number of visits
that are made to the feeder during the
observation period.

e. Data can be recorded on a chart that shows
the number of visits observed per day at each
feeder. The data can then be made into a
graph which shows the relationship betweeen
color of water and number of visits.

REFERENCES

Halpin, Myra J. and Janice Coffey Swab, “It’s
the Real Thing—The Scientific Method,”
Science and Children, April 1990,
pages 30-31.

Nelson, Don, “The Scientific Method: A
Primer,” Science and Children, May 1988,
pages 32-33.

Oobleck; What Scientists Do. GEMS. Lawrence
Hall of Science, University of California.
Berkley, CA 94720. 1985.

Paulu, Nancy and Margery Martin, Helping Your
Child Learn Science, U.S. Dept. of Education,
(1991-298 805 406 94). Consumer Informa-
tion Center, Pueblo, CO 81009.

Rutherford, James F. and Andrew Ahlgren,
Science for All Americans. Oxford University
Press. 1990.

Scienceworks. The Ontario Science Center.
Addison-Wesley. 1988.

SERIES Project. 4-H Center, University of
California Davis. Davis, CA 95616-8539.
1989.



BIODIVERSITY
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BIODIVERSITY

LEARNING OBJECTIVES
Students should be able to:

1. Define biodiversity in terms of genetic,
species, and habitat variety.

2. Communicate the importance of bio-
diversity and reasons for maintaining it.

3. Identify factors contributing to declining
biodiversity in the Gulf Coast region.

4. Recognize local, national, and international
strategies that will encourage biodiversity.

5. Plan activities to help maintain biodiversity
in their local area.

INTRODUCTION

An outcry on behalf of wildlife began in
the early 1960s as Rachel Carson’s warning in
her now classic book, Silent Spring, stirred
Americans to action against pesticide con-
tamination in the environment. Among the
species to claim attention because of declining
populations were the bald eagles, brown
pelicans, and gray whales. Today, in an
environment protected by law, these species are
making steps toward recovery, but the fate of
many other species is still in question. Pollu-
tion is not the only environmental change
adversely affecting wildlife — declining
biodiversity is another.

Declining biological diversity, or bio-
diversity, is one of the most pressing environ-
mental problems we face today. Itis, in effect,
the result of some of the more obvious

A
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problems such as pollution and overpopulation.
What does this term, biodiversity, mean? Why
is it important? Why are the number of species,
their genetic variety, and the different types of
ecosystems declining? Is there anything that
can be done to reverse the trend?

The purpose of this program is to answer
these questions while exploring several eco-
systems commonly seen in the Gulf Coast
region. The video program highlights some of
the inhabitants in each ecosystem and shows
how these species depend on each other and
the physical environment. It also identifies
some of the human induced changes that are
causing stress and potential harm to the
ecosystems’ life support mechanisms. These
life support mechanisms are the ecosystem’s
means of maintaining each species” habitat
essentials — food, water, shelter, and space.

The theme, biodiversity, is developed
through the concepts: species, community,
habitat, niche, food webs, adaptations, extinct
species, threatened species, endangered
species, and sustainable use. (These terms and
others, identified by bold type in the video
guide, are defined in the Vocabulary section.)

The goals of the program are to help
students:

* See themselves as part of the ecosystem in
which they live.

* Develop an attitude of respect and appreci-
ation for the beauty that exists in nature.

* Understand the economic, ecological, and
ethical issues associated with preserving
biodiversity.




* Form behavior patterns that translate into
responsible action on behalf of preserving
biodiversity.

The background information which
follows will be helpful in discussing bio-
diversity prior to viewing the video and in
guiding students toward logical and meaning-
ful conclusions throughout the viewing and
postviewing activities.

BACKGROUND INFORMATION
Biodiversity Defined

The term biodiversity, a contraction for
biological diversity, is used most commonly to
describe the variety of species in a given area
— the entire earth, an ecosystem such as a
desert or tropical rain forest, or a specific
habitat such as the bank of a pond or the floor
of a forest. The meaning of this relatively new
(1980s) term has grown to also include the
variety of habitats in a given area. Hence, the
focus of this video module on biodiversity
includes both the diversity of species and
habitats common to the Gulf Coast region.

A third aspect of biodiversity refers to the
genetic diversity within a species — the
number of ways members of the same species
are different from one another (for example,
variations in skin color or body size in humans
or color in pansies). Although an in-depth lock
at genetic diversity does not fall within the
scope of this program, middle school is a good
time to introduce the idea that differences
among members of the same species provide
opportunities for some individuals to survive
when conditions in their environment change.
By stressing the importance of adaptations, this
program introduces students to the notion of
genetic diversity. They begin to understand
why biodiversity is advantageous for species,
for ecosystems, and for the quality of life on
earth.

Values of Biodiversity

In the words of Rachel Carson, “... all the
life of the planet is interrelated ... each species
has its own ties to others ... all are related to the
earth.” That means that no species can exist
isolated from others or independent of the
physical environment -— air, water, minerals,
weather. This truth is verified as one considers

the values of biodiversity worldwide and more
specifically in the Gulf Coast region.

The dependency that exists among plants,
animals, and other living things within an
ecosystem hinges primarily on food and shelter
relationships. Food webs show the inter-
connectedness that exists among species living
in the same ecosystem. A greater variety of
food sources allows a greater diversity of
species to inhabit an area. Consider the number
of species that act as predators and prey in the
salt marsh food web below.

Detritus Menhaden

e o \{ Redfish

Laughing gull

Humans

What wouid bappen if shrimp were removed
from this salt marsh food web?

The loss of any one species weakens the entire
food web by putting more stress on available
prey or by opening a way for other species to
expand or become established that could
become a nuisance.

An ecosystem rich in diversity also
provides more shelter options. The trees,
shrubs, and other vegetation in a forest and the
grasses in meadows, marshes, and bogs
provide cover, hiding places, and nest sites for
numerous animal species.

A diverse community provides other
advantages to an ecosystem.

* Soil organisms breakdown and recycle
substances vital for supporting the growth of
plants.



¢ Plants and algae help maintain atmospheric
gas compositions by consuming carbon
dioxide and releasing oxygen during
photosynthesis.

¢ Diverse predator-prey relationships
contribute to the regulation of pests and
diseases.

¢ Forests and wetlands protect groundwater
and soil by filtering out pollutants, pre-
venting erosion, and absorbing stormwater

during floods.

When considering mankind’s use of nature
for food, medicine, raw materials, and recrea-
tion, the values of biodiversity become even
more apparent.

* Gulf Coast estuaries provide an ideal habitat
for many of the commercially valuable
seafood species — oysters, blue crab, shrimp,
redfish, trout, flounder, and menhaden —
harvested in America. This biodiversity
provides a livelihood for many coastal
fishermen, a valuable food source for
humans, and raw materials for products
such as cosmetics and pet food.

* Three fourths of the world’s population
depends on folk medicines derived from
plants or other organisms in nature. Nearly

one-quarter of the prescrip-

tions dispensed in the U. S,

are based on medicine of

natural origin, in fact,
some of the most
promising treat-
ments for cancer
and other diseases
come from species
once thought to be
useless. The Pacific yew

tree, once considered a

nuisance by northwestern
loggers, produces a chemical called taxol that
is used in the treatment of breast cancer. The
rosy periwinkle, a flowering plant from

Madagascar, yields a substance used to treat

childhood leukemia. The heart medicine

digitalis is an extract from purple foxglove.

Hundreds of medicinal products have been

derived from a class of chemicals called

alkaloids, and chemicals from the skin of
certain frog species have proven useful as
antibacterial agents.

+ Wild plants and animals supply oils, gums,
resins, construction materials, and other raw
ingredients from which scientists make new
products such as synthetic fabrics, plastics,
paint products, solvents, and rubber.

* Many crops raised in the Gulf Coast region
— pecans, corn, grapes, blackberries — have
been improved by cross-pollinating them
with wild relatives more resistant to
diseases, pests, and weather damage.

* Bacteria and other decomposers break down
and recycle organic waste. Organisms have
been found recently that are even able to
digest oil from oil spills. Their use as a
natural means of pollution cleanup is called
bioremediation.

* Biodiversity makes the world aesthetically
pleasing to humans who use the diverstiy of
habitats and species for recreational and
spiritual activities such as hunting, fishing,
birding, scuba diving, gardening, or medi-
tating. Millions of dollars pour into the Gulf
Coast region from the recreation and tourism
industries as people bask on beaches, explore
wildlife areas (swamps, lakes, forests,
migratory bird flyways, etc.) and visit zoos
and nature centers.

Extinction and Biodiversity

Just as death is an inseparable part of life,
so extinction is an inseparable part of life’s
evolutionary story. When the environment
changes, helpful variations in individuals
magnify over time to become adaptations in the
general population, and the species endures.
Conversely, if a species cannot adapt to envir-
onmental change, it eventually becomes extinct.
Endangered species are those that are in
danger of extinction, and threatened species
are those whose numbers are in rapid decline
and are likely to become endangered within the
foreseeable future.

The exact number of species existing in the
world today is not known. About 1.5 million
species have been identified, but experts agree
that there are from 5 to 50 million more species
living in secluded or uninhabited areas —
tropical forests, coral reefs, deep in the ocean —
that have not been identified. Experts also
agree that the earth is experiencing a rapid loss
of many species.




Aside from periods of mass extinction
such as occurred 65 million years ago at the
close of the Cretaceous Period, the extinction
rate throughout history has been fairly
stable — about one species per year. Today,
however, the extinction rate is variously
estimated from one to five species per day.
This represents a yearly rate of 300 to 1500
times the historical average! And contrary to
other periods of mass extinction, one species is
primarily to blame for the dilemma — MAN.

Loss of biodiversity is largely due to the
destruction or degradation of natural habitats.
This is happening at an unprecedented rate in
developing nations where the human popu-
lation is seeking to raise its standard of living
or, often, just trying to meet its habitat needs of
food, water, shelter, and space. Habitat
degradation and loss is also a problem in the
Gulf Coast region where a growing number of
people are moving into ecologically fragile
areas.

During the last decade, the human
population in the Gulf Coast region increased
by 33 percent, and this trend is expected to
continue. As the number of people increases,
so does the need for habitat. People are
developing wetland areas and cutting down
forests to make way for new houses, busi-
nesses, shopping areas and highways. When
the original habitats are lost, degraded, or
changed into forms that the native species
cannot use, the species disappear.
During this century, many fish,
crawfish, and mussel species
have become rare or
extinct, and native
songbirds are
declining at
alarming rates.

Although habitat loss is the major cause of
declining biodiversity, other factors contribute,
including;:

» Pollution — Excess fertilizer, improper use of
pesticides, sewage from homes and boats,
and toxic waste from industrial, agricultural,
and residential runoff degrade the water,
soil, and air. As these substances accumulate
in an ecosystem, they may cause a variety of
changes. Excess fertilizer in aquatic eco-
systems stimulates rapid algal growth called
blooms. When the algae die and decay,
dissolved oxygen levels become low and the

pond or lake can no longer support a high
level of animal diversity. Pesticides that do
not break down in the environment may
accumulate in food chains and adversely
affect organisms near the top of the food
chain, (This caused the decline and near
extinction of bald eagles, brown pelicans,
and peregrine falcons
during the 1960s.)
Also, the accumu-
lation of heavy
metals (lead,
mercury,
cadmium} and
toxins in plants and
‘ o animals may interfere
i with normal cell and
tissue physiology or reduce the organism’s
resistance to disease.

*» Introduction of exotic species — If an exotic
(non-native) species has aggressive growth
and reproductive capabilities and has few
predators {(as in the cases of nutria, fire ants,
kudzu, and water hyacinth), it may compete
with the native species for habitat essentials.
By reducing the native species’ food, space,
shelter and water supply, the exotic disrupts
the ecological balance in the ecosystem.

* Overexploitation — When resources such as
fish, game, and native plants are not
managed, their populations may be reduced
to levels which make recovery difficult or
unlikely. This has happened with sea turtles
in the Gulf of Mexico and with old-growth,
longleaf pine forests in the Gulf Coast states.

» Modern agriculture and forestry — Fewer
varieties of crops are used in agriculture and
forestry. Traditional varieties and wild types
have been abandoned in favor of higher
yielding, disease resistant hybrid varieties.
In the early 1800s there were 7,000 varieties
of apples growing in the United States,
today, 85 percent of those varieties are gone.
In many areas of the Gulf Coast, the forest
industry has replaced mixed forest ecosys-
tems with monoculture pine forests. As the
variety of plant species decreases, many of
the insect, bird, and mammal species that
feed on and find shelter in them also
decrease.

» Global climate change — Many scientists
believe that the earth is in the midst of a
major warming trend. Increases in certain



atmospheric gases that trap the sun’s heat,
preventing its reflection back into space ("the
greenhouse effect”) may be the cause. If this
warming trend continues, sea levels will rise
and climates will change. Species that can-
not adjust to changes in temperature,
precipitation, and salinity are likely to
become extinct.

As the human population swells along the
Gulf Coast and coastal habitats are reduced or
changed by residential and commercial devel-
opment, agricultural use, and infrastructure
development, wild inhabitants are pushed
further and further into a spiral of decline. The
Gulf’s diverse habitats become more difficult to
maintain.

Maintaining Biodiversity

The World Resources Institute identifies
three basic steps in maintaining biodiversity:

1. Saveit.
2. Study it.
3. Use it sustainably.

These steps serve as a springboard for action.

During the 1970s the U.S. government
took an active role in combating irresponsible
environmental behavior by passing several
laws. The Endangered Species Act regulates a
wide rage of activities affecting plants and
animals designated as endangered or
threatened, and the Clean Air and Water Acts
regulate and limit the amount and types of
pollutants that can be released into the
atmosphere and waterways. Other large scale
efforts to save habitats and species include:

* Maintaining corridors between forested areas —
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A strip of trees and underbrush, called a corridor, connects
two areas of forast in a plowed field.

This insures that species do not become
separated from others of their kind when
land is cleared for development or
agricultural use.

Reintroducing endangered species in their native
habitats — Because of pesticide accumula-
tion, brown pelicans had almost disappeared
from Louisiana and Mississippi waters
during the 1970s. With reintroduction and
careful management, they have made a
remarkable comeback and are once more
gliding gracefully over coastal waters.

Sinking retired 0il and gas platforms in marine
habitats — The platforms provide a hard
surface upon which sessile marine organisms
can attach. Once new colonies of marine
plants and animals are established, the base
of a marine food web is in place and the reef
becomes habitat for many species. An
example of this type effort is the Louisiana
Artificial Reef Program sponsored by the
Louisiana Department of Wildlife and
Fisheries. To date there are 55 such struc-
tures in the Gulf of Mexico and each has
been successful in providing habitat for
barnacles, various corals, spiny oysters, and
the numerous fish that feed on them.

As an individual, one can help conserve
biodiversity by:

Taking part in environmental organizations —
Join ones that attempt to educate the public
about the dangers of habitat and species
destruction.

Writing letters to congressmen — Urge them to
take action on behalf of endangered and
threatened species.

Providing a place for native plants to grow —
Use them in your own yard. Plan, plant, and
maintain them in a school wildlife area.
Collect seeds in the wild, then grow and sell
the native plants as a club fund-raiser. (Be
careful not to harm the plant when obtaining
seeds. Harvest only one seed pod per plant,
leaving plenty of seeds for natural dispersal.)

Participating in the Backyard Habitat Program
sponsored by the Natural Heritage Program of
the U.5. Fish and Wildlife Department —
Request information on this program by
writing the National Wildlife Federation.
1400 Sixteenth Street, N.W., Washington DC

- 20036-2266.




The second step calls for studying
biodiversity.

e Learn by reading magazines, attending education
programs at museums, 200s and nature centers,
and watching nature programs on television.

» Work as a volunteer at a local park or zoo.

* Educate others to regard wild species as a source
of beauty and economic potential. Speak to local
garden clubs about projects they can sponsor
and carry out, such as community com-
posting and preservation of wildflower
meadows.

Finally, use the earth’s resources sustain-
ably. That means using them in a way that will
not change or reduce them for future genera-
tions. To do this:

» Make changes in buying habits and lifestyle to
reduce consumption. Carpool, bike, or walk
whenever possible. Try to reuse or repair
articles rather than buying new ones.

o Follow responsible environmental
practices. Recycle paper, glass,
and aluminum in your gy
classroom. Cut six-pack rings ‘ ’
before throwing them away.
Carry litter bags to clean up
recreational areas while on outings.

s Support legislation to finance research for new
medicinal, agricultural, and aesthetic uses of
plants and animals.

e Use pesticides and fertilizers properly. Follow
the directions on the product’s label for
mixing and application.

* Reduce the demand for biological resources by
reducing population growth.

e Support businesses that donate to environmental
research or take an active role in environmental
protection.

By safeguarding habitats, the wildlife that
live within them is protected, but saving habi-
tats often means restraining human activity.
During the last 40 years there have been highly
publicized confrontations between industry
and environmentalists on issues concerning
endangered species — logging industry and the
spotted owl, Tennessee Valley Authority and

the snail darter, chemical industry and the bald
eagle, peregrine falcon, and brown pelican.

Because protecting species and habitats has
in some cases cost people their jobs and stifled
€COnomic growth in a region, some in America
have viewed these confrontations as battles in
which man has emerged the loser. Today,
however, as a result of intensified education on
environmental issues through schools, the
media, and environmental groups, most people
agree that a middle ground must be found
where human welfare and economic growth
can exist in balance with the conservation of
natural resources and biological diversity.

As the dominant species on earth, humans
must embrace the challenge to choose a lifestyle
that reflects respect and care for Earth’s life
support systems. This means responsible use of
resources and management of species and
habitats in ways that insure sustainability.

TEACHING SEQUENCE &

Begin Background

Information rf N
and Activity I eT———
el I
1. Use the procedure ’
outlined in the Teacher
Instructions for Activity I (page 13).

¢ Introduce the theme — biodiversity.

= Divide the class into investigative
teams.

* Allow time for students to collect
and record data. [45 minutes]

2. Ask volunteers to do the same activity
with a parent, sibling, or friend in an
undisturbed area near their home —
vacant lot, forest, stream, swamp, etc.
[5 minutes]

3. Have students complete the graph on the
Class Data Sheet for homework.

Complete Activity I and Continue
Background Information

4. Using the chalk board or an overhead
projector, show students how the graph of
Total Diversity at Different Habitats should
look. Afterwards, add data collected by
students who did the survey at



undisturbed areas near their home.
{10 minutes]

5. Discuss the results as outlined in the
teacher instructions. [10 minutes]

6. Continue the background information by
reviewing or teaching additional ecological
concepts used in the first part of the video:
community, food chains, food webs,
adaptations, and niche. Ask various
students to suggest examples for each
concept. [10 minutes]

7. (Optional activity) Have students do the
role playing extension activity (pages 11-12)
associated with food chains and food webs.
[15 minutes]

8. Give each student a copy of the four
Previewing Questions to do for home-
work. Explain that the four ecosystems
described in the questions will be the ones
highlighted in the video. [5 minutes]

Discuss Previewing Questions,
' Watch Video, and Do Niche

Extension of Activity I

9. Discuss the answers to the Previewing
Questions. [10 minutes)

10. Encourage students to note values and
environmental concerns associated with
each habitat and write them on the
homework sheet for future reference.
Show the video until instructed to pause.
[10 minutes]

11. Students will work with their biodiversity
survey team to determine the niche of each
organism they listed during Activity L
{10 minutes]

12. As a class, discuss the niche of several
organisms (perhaps, one from each team’s
list). Ask students to identify the niche of
humans. Is a human's niche the same
throughout his or her life? Try to clarify
any misconceptions and answer student
questions before continuing the video.

[5 minutes)

13. Remind students to note values and
ecological concerns associated with the
different habitats. Continue watching the
video to the next pause. [10 minutes]

14. Tell students that they will play the game,
Gulf Goners, during the next class meeting.
For closure, ask them to share some things
they learned about each habitat.

[5 minutes)

Background Information,
Play Gulf Goners, and Watch

Remainder of Video

15. Continue teaching the background
information. {10 minutes]

+ Distinguish among extinct species,
endangered species, and threatened
species. Give examples of species in each
category. {Refer to the list provided on
pages 26-28.)

¢ Describe the interdependency among
species in ecosystems. (See the intro-
duction in the Teacher Instructions for
the game Gulf Goners, page 17.)

16. Using the steps outlined in the Teacher
Instructions, describe, play, and discuss
the results of the game Gulf Goners
(pages 17-19). [30 minutes]

17. Have students suggest ways to encourage
and maintain the variety of species and
habitats in their town, state, and through-
out the world. (The Background Informa-
tion at the beginning of the video guide
should help in directing student responses.)
Write suggestions on the board.

[5> minutes]

18. Watch the last part of the video program.
(2 minutes]

19. Give each student a copy of the
Postviewing Questions (pages 10 -11) to
answer for homework. [3 minutes]

Discuss Postviewing Questions

20. Discuss the homework assignment.
[10 -15 minutes]

21. Activities in the Extension section (page 11)
may be used for further study or
enrichment.

22. At the teacher’s discretion, all or part of
the Evaluation section (pages 29-32} may be
used to accompany the next test.
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PREVIEWING QUESTIONS AND
ANSWERS

The Gulf Coast region of the United States
includes all the states that border the Gulf of
Mexico — Florida, Alabama, Mississippi,
Louisiana, and Texas. Within this span of land
there are many types of ecosystems, and each
ecosystem provides habitat for a diverse group
of plants, animals, fungi, and microbes. Among
the most common ecosystems found in this
region are freshwater lakes and ponds, pine
forests, grassy meadows, and salt marshes;
these ecosystems are the ones highlighted in
this video module. Most students have some
prior knowledge of these areas, therefore
discussing the following questions should
spark interest in the lesson.

1. Lakes and ponds are bodies of water
completely surrounded by land. Lakes are
usually larger and contain areas of differing
depths and water temperatures. Ponds are
smaller and more shallow than
lakes. There are three areas
common to each of these water
bodies — the shoreline, the
open water, and the
bottom — the
organisms
that populate
these areas by
may vary in
kind (species)
and/or number (density). Name a few kinds
of organisms you would expect to find in
each area of a freshwater lake or pond.

Shoreline — Plants may include cattails, grass,
water hyacinth, native iris, duckweed, and trees
such as red maple, willow, tupelo gum, and
cypress. Algae (phytoplankton) often form a
green scum along the bank, especially during
warm months. Common insects are dragonflies,
caddisflies, water striders, and butterflies. Other
animals such as nutria, beaver, ducks, herons,
egrets, snakes, turtles, frogs, salamanders, and
small fish, can also be found close to the water’s
edge.

Open water — Plants may include water lilies
and duckweed (these also may be close to the
shoreline). Algae float close to the water’s surface
where light is available. Fish often swim in
deeper, open waters — common types are bass,
perch, bream, catfish, and gar. Various insects
may fly over open water.

. Pine forests are located in sandy

Bottom — Because there is little if any light at
the bottom of most lakes and ponds, vegetation
(algae and plants) is usually absent. Bottom
dwellers are primarily detritivores — decom-
posers such as bacteria and aquatic fungi and
scavengers such as grass shrimp, crawfish,
worms, and catfish. Freshwater mussels (filter
feeders) may attach to hard surfaces or burrow
partially into the mud or sand on the bottom.

soils throughout the Gulf
Coast region. Although
pines are the dominant
plants, other vegetation —
trees, shrubs, and
herbaceous {non-woody)
plants — coexists with the
pines. What kinds of
plants, animals and other
organisms would you
expect to find in a pine forest?

Answers will vary, but may include: loblolly,
slash, spruce, and longleaf pines; other trees may
include birch, willow, oak, hickory, magnolia, and
bayberry (wax myrtle). Some shrubs are wild
azalea and hawthorn parsley. Plants growing on
the forest floor may include ferns, palmetto, and
poison ivy. Some animals are white-tailed deer,
squirrels, rabbits, snakes, and many birds.
Mushrooms, bracket fungi, and lichen may also
be mentioned.

. Meadows are grassy fields which form after

forested land has been
At 4 cleared and left to
g repopulate.
What kinds
of organisms
live in
meadows?

Grasses may include Johnson grass, Bermuda
grass, bahia grass, etc. Some wildflower
examples are goldenrod, milkweed, yarrow, wild
ageratum, and asters during late summer and
fall, and ranunculus, clover, sage, lobelia,
coreopsis, and black-eyed Susans during the
spring. Animals which feed on and find shelter
among the plants are small rodents (mice, rats,
rabbits), snakes, lizards, turtles, and birds such as
bobwhites, quail, meadow larks, blue birds, dove,
and red-winged blackbirds. Other common
organisms are insects, worms, and spiders.




When the soil in a meadow is acidic and stays wet
most of the time, the meadow is called a bog.

Bogs support a variety of carnivorous plants such
as sundews, bladderworts, and pitcher plants.

4. Salt marshes are found in estuaries (places
where saltwater from the ocean and
freshwater from inland streams and rivers
meet and mix} and along the coast where salt
water from the Gulf merges with the land.

The land is covered with grass and is often
subdivided by many narrow channels that
wind inland. Daily tidal changes cause salt
water from the Gulf to move into and out of
the channels, changing the water depth and
chemistry (salinity, pH, dissolved oxygen,
etc.). Organisms that live in salt marshes
must be able to adjust to these daily changes.
Although the environment is harsh, salt
marshes are teeming with life. Name some
of the organisms you associate with salt
marshes.

Plants include willows and a number of grasses,
primarily cordgrass (Spartina) and black
needlerush (Jumcus)., Algae grow on the plants
and in the water. Wildflowers such as Indian
blankets, oxeye daisy, goldenrod, morning glories,
and saltmarsh mallow add color to the marsh
from spring through fall. Animals living in the
water include snails, oysters, barnacles, crabs,
shrimp, and many types of fish. Nutria, muskrat,
foxes, and water birds such as ibises, herons,
rails, and laughing gulls are often seen in and
around the water. The insects most often seen are
mosquitoes and gnats.

POSTVIEWING QUESTIONS AND
ANSWERS

The following questions are posed during
the video. Answer them in class discussions
during the viewing of the video, then allow
the students to respond individually as a
postviewing activity. A few options for
answers are given here, more are identified
in the Background Information, and of

course, students may suggest answers from
their own reasoning and creativity.

. What is biodiversity?

Biodiversity is the variety of life that exists in an
area. The variety may be described as the number
of different species and habitats in an area, but
may also include the genetic differences within a
species.

. What are some of the things that can harm

biodiversity?

Destruction and degredation of natural habitats
cause the greatest loss in biodiversity. Any of the
following may be included as specific canses:

* Deforestation
* Dredging and filling of wetlands

* Pollution of waterways — streanis, rivers,
lakes, estuaries, and the Gulf of Mexico

» Habitat fragmentation caused by the
butlding of highways, shopping centers,
new housing, etc.

s Monoculdture farming and forestry

. Why is biodiversity important?

All the organisms in a habitat benefit from the
complexity provided by a diverse community.
Diversity provides more food and shelter options.
Recycling essential nutrients is accomplished by
a diverse community of decomposers. Diverse
vegetation prevents erosion and filters pollutants
from the soil and water.

Humans rely on the earth’s variety of living
things to provide the basics of life such as food,
medicine, building materials, and clean air and
water. Aside from these basic needs, diverse
natural habttats provide recreational and
spiritual enrichment for humans.

. What can individuals do to maintain the

variety of species and habitats in the Gulf
Coast’s ponds and lakes, forests, meadows
and salt marshes?

Answers will vary according to the area dis-
cussed — pond, forest, meadow, marsh — but
should revolve aroind ideas such as:

» Learn about wildlife and their habitat needs.
» Take an active part tn educating others about
the need to protect habitats.



* Participate in beach clean-ups on a regular
basis. Dispose of all waste wisely.

» Use native plants — trees, shrubs, and
flowers — in their own yards and encourage
others to do so as well.

» Follow good, sound environmental
practices — reduce, reuse, recycle.

5. What is your niche as a human being? Do

you think your niche will be the same
throughout life? Explain.

Answers will vary but should reflect an under-
standing of the function of humans relevant to
each other, other species, and the physical
environment (i.e., as a part of the local and global
ecosystems).

EXTENSIONS

1. Research and writing: Ask students to
research one of the threatened or endangered
species in the Gulf Coast area (refer to pages
26-28). Ask them to draw a picture of the
organism and give some information about
it. Where does it live? What might have led
to a decline in its population? What part
does it play in its habitat’s food web? Why is
it important? Have them conclude their
assignment by writing a story or poem to
describe the experience of being among the
last of their species.

. Research and writing: Examples of
threatened habitats in the Gulf Coast region
are: coral reefs, coastal wetlands, old-growth
longleaf pine forests, and polluted rivers and
lakes. Have students research a threatened
habitat (ideally, a specific one with which
they are familiar) and either write a story or
take photographs to describe the habitat.
They should identify and describe the
activities of the plants and animals that live
there, tell why the habitat is important to
humans, why it is threatened, and how they
would feel should it disappear.

As another alternative, have students write
the above information as if describing the
habitat to a deaf or blind friend.

. Write a legislator: On one side of a postcard,
have students draw, color, identify, and
relate the plight of an endangered or
threatened species. Send the postcard to a
state legislator.

4, Make a commitment: Provide an oppor-

tunity for students to commit to specific
actions to protect biodiversity. Have them
consider what they will do, plan a course of
action, then write it in contract form. For
example:

L, (full name), will provide a habitat for bats in
my backyard by providing a source of water and
building a bat house to be placed in a tree away
from our house. The bats’ food will be the mos-
quitoes and other insects that fly through our
neighborhood.

. Nature area: Help students plan, plant,

and maintain a natural area on the school
grounds. Plant native trees and shrubs to
provide shelter for animals. Make bird
teeders and bird baths to supply food and
water. Plant sweet smelling flowers to
attract butterflies and bees. Develop a
maintenance schedule to assure continuous
care for the area.

. Debate: Have students who enjoy debating

argue the pros and cons of hunting and
trapping (cruelty to animals, the right of every
animal to exist, income, food, clothes, recreation,
population control). In a class discussion, after
the debate, identify each point of argument
as being based on emotion or fact.

. Guest speaker: Invite someone from a local

wildlife organization to speak on species and
habitats that are threatened or endangered in
your area. Have each student write three
questions to ask the speaker.

. Creative writing: Using endangered coastal

animals or plants as the focus of the stories,
have students work in groups to compose
kindergarden or lower elementary level
children’s books. Have them emphasize the
role (niche) of the endangered species in the
habitat.

- Role playing: Assign each studenta

particular species to portray in an ecosystem
{use only one ecosystem — pond, meadow,
forest, or marsh — and have a food web in
mind that incorporates each species). Give
each student a piece of yarn 3-5 feet long and
a large index-card-necklace with his/her
species’ common name in bold letters.

* Have them mingle with classmates to find
three or four others with whom to form a




believable food chain. The chain must
include a producer, an herbivore, and two
or three carnivores. Students will use the
yarn to join one organism to another. Seta
time limit of about 5 minutes for this part
of the activity.

Have each group justify its food chain to
the class.

Next, guide the students in forming a food
web. Help them identify animals that eat
more than one type of food. Using extra
pieces of yarn, attach the animals to the
extra food sources. (Some plants and
animals may have many strings attached,
indicating that they eat or are eaten by a
variety of organisms.)

Once the web is intricate, have one or two
students, representing key species, leave
the web {(become extinct). Have students
infer possible results to the ecosystem.



ACTIVITY 1

WHO'S THERE?

SCHOOL YARD BIODIVERSITY INVESTIGATION

(Teacher Instructions)

Objectives

¢ To investigate the diversity of organisms in a
habitat.

» To compare species diversity in disturbed vs.
undisturbed areas.

Description

Students will work in teams to locate and
identify the diversity of species in a particular
school yard habitat. Some teams will inves-
tigate habitats that are subjected to much
human use, while others will investigate less
disturbed areas. After comparing data from the
various groups, the class will discuss how
human impact can affect biodiversity in a
habitat,

Materials (per team)

Hand lens Clipboard (or stiff
Pencil cardboard with a clip)
Team tally sheet

Preparation

1. This investigation should be done at the
beginning of the module, before students
view the video.

2. A few days before doing the activity,
identify as many different habitats as you
can find on your school campus. Examples
of undisturbed areas are a ditch, a stream,
pond or wetland area, large trees, and an
overgrown flower bed. A playing field, a
concrete play area or sidewalk, and a well
kept flower bed are examples of disturbed
areas. {Using a flower bed may give an
interesting twist to your findings and be
useful later when encouraging students to

join the Backyard Habitat Program
sponsored by the National Wildlife
Federation.)

3. On the day of the activity, draw a chart on
the chalkboard similar to the one on the
Student Data Sheet (page 16). Make enough
copies of the Student Data Sheet for each
pupil to have one, and enough Tally Sheets
(page 15) for each group to have one.

Procedure

1. Using examples that are familiar to your
students, describe the major groups of
organisms — bacteria, protists (algae and
protozoans), fungi, plants, and animals.
Teach the meaning of the terms habitat,
species, and biodiversity.

2. Divide the class into teams of three or four
students each, and assign each team a
specific area (habitat) to investigate.
{More than one team can investigate the
same area, if needed.)

3. Explain that they will be trying to locate
and identify all the different species that
live in their assigned habitat. Relate the
following:

* Due to the time of day and the amount
of activity on the school grounds, larger
animals will be scarce — look for small
ones such as insects, birds, and toads.




* Many organisms hide during the
daytime; look carefully under leaves,
logs, and straw.

* Look for plants such as grasses,
wildflowers, vines, bushes, and trees.

* Some organisms grow on other
organisms — Spanish moss, lichen,
mistletoe.

* Students may record organisms that they
hear (bird in a tree) or see evidence of
(squirrel scratching a flea).

* Younger students may simply identify
organisms as species 1, species 2, etc. and
describe their appearance.

Give each team a tally sheet, pencil, clip-
board, and hand lens. Have them select one
person to record the team’s findings on the
tally sheet and on the class data chart.

Once outside, disperse the groups to their
assigned habitat and allow 10-15 minutes
for them to survey the area.

Return to the classroom and have each team
record its findings in the correct place on
the class data chart. (If two teams surveyed
the same habitat, have them consolidate
their data.}

Give each student a data sheet (page 16).
Have each student copy the class data on
his/her own worksheet and create a bar
graph to represent the class results. (Help
students determine the scale numbers for
the y-axis, based on the range of data
collected.)

Discussion of Results

1.

Students should find the most species in
areas that have been least disturbed by
humans.

Ask students to predict the effects of habitat
destruction — cutting down trees, filling in
wetlands, polluting rivers and streams —
on the variety of organisms in an area.

Emphasize that wild areas provide a huge
variety of habitats that give many different
organisms a place to live. When wild areas
are reduced or destroyed, many species
disappear from the area and along with
them go their contributions to the web of
life in that area.

Relate that during the lessons that follow on
biodiversity, they will be learning more
about the web of life in several types of wild
areas located throughout the Gulf Coast
states.

Extension

Encourage students to join with a friend,
sibling, or parent and do the same survey at
a wild area near their home — forest, beach,
swamp, vacant lot, etc. Have them report
their findings to the class.



TEAM TALLY SHEET

HABITAT:

TEAM MEMBERS:

PLANT SPECIES

ANIMAL SPECIES

o 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15

TOTAL DIVERSITY




STUDENT DATA SHEET
CLASS DATA CHART

Habitat # Plant Species | # Animal Species| Total Diversity

TOTAL DIVERSITY at DIFFERENT HABITATS

# of 7]
Specles |

Habitats




ACTIVITY 11

GULF GONERS

(Teacher Instructions)

Introduction

Interdependency is a thread woven
throughout the theme biodiversity. Every
species has a place to live (habitat) and a
function (niche) in an ecosystem. Some species
have multiple functions that cause them to
affect the lives of many other species (i.e., oak
trees produce food, provide shelter, and cycle
oxygen into and carbon dioxide from the air).
These affected species in turn impact many
others. Therefore, when a species” habitat is
lost or degraded to the point that the species
can no longer live and function in the eco-
system, the loss of that species” niche may
throw nature off balance.

Competition, predator-prey, and symbiotic
relationships among species in an ecosystem
help maintain an equilibrium known as the
"balance in nature.” When nature or man
upsets that balance by altering the environ-
ment, factors that affect species such as the
availability of food, water, shelter, and space
change. These changes may create beneficial
opportunities for some species, yet may
jeopardize the survival of others.

Normal environmental changes, occurring
gradually over thousands of years, provide
enough time for natural selection to equip
species with adaptations that allow their
survival. But in the past two centuries,
especially the last 50 years, changes to habitats
have accelerated — deforestation, pollution,
saltwater intrusion, invasion of exotic species,
and erosion. '

Changes in an ecosystem may benefit some
species. More often, though, abrupt changes
kill members of some species outright or
interfere with their natural functions — niches.
Either way, the loss of the species’ contributions
to the interconnected workings of the ecosys-
tem results in a decline in biodiversity.

The following game, Gulf Goners, will help
students identify ways that environmental

changes affect species with various
characteristics. It will also suggest some
harmful and helpful human activities that
impact biodiversity.

Objectives

* To relate the effects of environmental changes
on animals with differing characteristics.

¢ To identify some human activities that affect
biodiversity.

Description

Students will design and name an animal,
using choices provided under the habitat, food,
reproduction, and movement headings on the
Animal Characteristics list. The teacher will
then read a series of scenario cards. Each
scenario describes an environmental change
and tells its impact on animals with particular
characteristics. If the animal is adversely
affected by the change, the student will place a
“gotcha” chip on her/his game card. If the
species is helped by the change, the student will
remove a chip from the card. After reading 12
to 15 scenarios, the results will be evaluated
and discussed.

Materials

Gulf Goners game cards

Animal Characteristics list

Scenario description cards

“Gotcha” chips (dry beans, beads, pennies, etc.)
Pencils




Preparation

1.

Make enough copies of the game cards for
each student to have one.

Using colored card stock, make copies of
the scenario pages, then cut out and
laminate the individual cards.

Purchase enough “gotcha” chips to allow
eight chips per student. (Dried red beans
are ideal.)

On the day of the activity, display the
Animal Characteristics list so it can be
easily seen by all students. Use an over-
head transparency, poster board, or write
on the chalkboard.

Procedure

1.

When directed by the video, stop the tape
and distribute one game card and eight
“gotcha” chips to each student.

Relate the purposes of the game - to show
how animals with differing characteristics
are affected when their habitat changes and
to identify human activities that affect

biodiversity.

Have each student create an imaginary
animal by doing the following:

e Select one characteristic from each
category on the Animal Characteristics
list.

* Record the choices in the blanks on the
left side of the game card.

* Draw the animal in the space below the
game grid.

* (Give the animal a name and write it at
the top of the game card.

{Once the game begins, students cannot
change their animal’s characteristics.)

Briefly describe the game

* Scenario cards will be read that describe
a change in the environment.

* Depending on the animal’s charac-
teristics, it will be adversely affected by
the change (add a “gotcha” chip), or
helped by the change (lose a “gotcha”
chip).

* Students will record changes that harm
and help their animal in the chart at the
bottom of the game card.

¢ The removal of “gotcha” chips cannot be
“banked.” (For example, if a scenario
card says to remove two chips, but there
is only one chip on the card, the student
may not save the extra chip removal for
later in the game.)

* The goal is to finish the game with as few
"gotcha” chips on the card as possible.
Once a card is full — eight “gotcha”
chips — the animal is extinct and the
student must stop playing.

Before beginning the game, practice once
by reading one of the scenario cards and
relating the procedure. Answer any
questions.

The scenario cards can be read by the
teacher or a student. After reading a
scenario card, set it aside or put it at the
bottom of the stack. (OPTIONS: Have
different students read scenarios to the
class, Once students are comfortable with
the game format, have them predict the
effect of the change; remind them to con-
sider all elements of the habitat — fooed,
water, shelter, space.)

The duration of a game can be determined
by the teacher — 12 to 15 scenarios should
be sufficient to achieve the objectives.

Discussion of Results

1.

Have each student evaluate the status of his
or her animal.

* A full card (eight “gotcha” chips) — the
animal became extinct.

* Five to seven chips — the animal is
endangered.
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* Three or four chips — the animal is
threatened.

¢ Two or fewer chips — the animal is well
enough adapted to survive in its
modified environment.

Determine how many imaginary animals
are in each category — extinct, endangered,
threatened, well adapted.

Referring to their charts, have students
discuss the helpful and harmful changes.
Are they aware of such changes occuring in
their neighborhood or in the town? Are
they familiar with local and national groups
that work to protect the environment?

Continue the video.

Extension

Have students brainstorm some additional
conditions that may be “gotchas” for
species with specific characteristics and
create both helpful and harmful scenarios
for another game.




ANIMAL CHARACTERISTICS

HABITAT REQUIREMENT

Salt Marsh
River
Pine Forest
Meadow

FOOD SOURCE

Mammals
Small Fish
Plankton
Plants

METHOD OF REPRODUCTION

Lay eggs in water
Lay eggs on land
Live birth
Fission (simple cell division)

METHOD OF MOVEMENT

Fly
Walk
Swim

Stationary



GULF GONERS
GAME CARD

My Name

My Animal’s Name

Habitat Requirement:

Food Source:

Method of Reproduction:

Method of Movement:

Sketch of Animal:

Ways my animal was helped and harmed:

HELPED

HARMED




SCENARIO CARDS

A massive oil spill occurs. In an effort to
remove the oil from the feathers of birds,
well-meaning humans bathe the birds with
liquid dish washing socap. The soap washes
away natural oils in the feathers. Lacking
the protection and water repellence from
these oils, the birds have difficulty flying or
swimming. If your method of movement is
flight or swimming, add one “gotcha” chip to
your card.

When vehicles are banned from a grassy
meadow, the lives of many land-based
organisms are saved. |f your method of
movement is walking, remove one “gotcha”
chip. If your method of reproduction is to lay
eggs on land, you may remove a “gotcha”
chip.

A gambling boat has a sewage spill which
contaminates the water. The sewage is
toxic to many fish, causing a large fish kill.
As the sewage decays, the released
nutrients encourage rapid growth and
reproduction of algae; this is called an algal
bloom. If your habitat is the river, add one
“gotcha” chip. If you eat small fish, add
another chip. If you eat algae (plankton),
take away a chip.

A ten year warming trend has resulted in
melting glaciers and a rise in sea level.
Many low-lying coastal areas, which were
once brackish, are now under water and the
soil and water have become more salty.
Those species unable to adapt 1o this
increased salinity have died off. f your
habitat is the salt marsh, add one “gotcha”
chip.

When a truck carrying hazardous waste
collides with a bridge railing, the truck’s tank
is damaged and the waste spills into the river.
The pollution interferes with cell division in
living organisms. If your habitat is the river,
add one "gotcha” chip. If your method of
reproduction is fission (simple cell division),
add another “gotcha” chip.

Ozone depletion has resulted in increased
amounts of UV light penetrating earth’s
atmosphere. The excess UV light damages
living cells and kills many types of plankton,
a source of food for many small fish. If your
source of food is plankton or small fish, add
one “gotcha” chip to your card.

A factory releases heated water into a river.
This thermal pollution makes il impossible
for eggs to hatch that are laid in the immedi-
ate area by fish, amphibians and insects.
The warmer water, however, creates a
perfect environment for an exotic species of
sea grass. If your environment is a river,
and you lay eggs in the water, add one
“gotcha” chip. If your environment is a river
and you depend on plants for food, remove
one “gotcha’ chip.

A new shopping area is being built on a
meadow. Bulldozers have destroyed your
nesting area and have crushed the small,
slow moving animals in the immediate
area. If you live in a meadow and lay eggs
on land, add one “gotcha” chip. If your
method of movement is walking, add a
“gotcha” chip.




An ocean liner is transporting chlorine to be
used in coastal water treatment plants. The
captain of the ship falls asleep at the helm
and the ship runs aground in a marsh area.
Damage to the ship causes the chlorine to
leak into the water. Most of the mobile
animals get away, but stationary animals
such as oysters and barnacies die. If you
are a stationary animal living in a marsh, add
one “gotcha” chip.

Seven hundred acres of an old growth pine
forest are about to be clear cut. An envi-
ronmental group successfully lobbies for
this area’s preservation so that the forest is
protected under federal law. You may
remove one chip if your habitat is a pine
forest.

For years, many pleasure boaters have
dumped their trash in the middle of lakes,
rivers, and bays. Plastic six-pack rings are
especially dangerous to animals that swim;
they get caught in the rings which then
restrict their growth and movement. If you
live in a river or marsh, add one “gotcha”
chip. If your method of movemnent is
swimming, add another “gotcha” chip.

CURE-ALL Pharmaceutical Company has
discovered a new drug derived from the
seed pods of a wildflower native to Gulf
Coast meadows. In harvesting the plant,
the environment is damaged. If your
habitat is a meadow, add one “gotcha” chip.
If you eat plants, add a second chip.

A local toxic waste disposal firm reports
that high levels of poison were acciden-
tally released. The toxins create a variety
of health risks on land and in water,
including spontaneous abortions in mam-
mals. If your method of reproduction is
live births, add one “gotcha” chip to your
card,

When an alternative source of energy
ends our need for fossil fuels, oil drilling
along the Gulf of Mexico coastline is
halted. If you live in a salt marsh, you
may remove one chip.

A new phosphate plant and a fertilizer plant
are both located on the same mouth of a
river near a salt marsh. The phosphate
plant has an accidental chlorine leak at the
same time the fertilizer plant has an
ammgenia leak, resulting in the formation of
deadly ammonium chloride. If your habitat
is a salt marsh or river, add one “gotcha”
chip.

When a power company sprays an
herbicide under its power lines, trees,
shrubs, and other vegetation are killed.
It you eat plants, add one chip. If you
live in a forest, add two chips.




Land developers are filling in a local marsh
area to provide more waterfront propenrty for
building homes. If you live in a marsh add
one “gotcha” chip. If you eat small fish or
piankton, add cne chip.

A garden club successfully campaigns
to preserve the wildflowers in a local
meadow. If you live in a meadow,
remove one “gotcha” chip.

The voters of a city approve the building of
an airport on a large local meadow. If you
live in a meadow, add one “gotcha” chip. If
your method of movement is flying, add a
chip.

In order to earn money to repair and build
streets, a city council votes to allow toxic
waste incineration near your habitat.

The harmful fumes enter the air, and are
transported by wind in all directions, all
habitats are affected. Everyone add one
“gotcha” chip.

Local students join a beach cleanup pro-
gram and over a year’s time, collect two
tons of garbage from local wetland areas.
If your habitat is a salt marsh or river,
remove one “gotcha” chip.

Some agricultural crops are sprayed with
pesticides from crop duster airplanes.
Wind transports the pesticides to areas
beyond the planted fields, polluting water
and coating other vegetation. If your food
source is plants or plankton, add one
“gotcha” chip.

Deforestation continues at an alarming rate,
as forests are cleared for residential, agri-
cultural, business, and highway develop-
ment. The trees, shrubs and wildflowers in
forests provide food and shelter for many
animals. If you live in a pine forest, add one
“gotcha” chip. [f you depend on plants or
mammals for food, add a “gotcha” chip.

Last year, legislation signed to stop the
dredging in & local salt marsh allowed the
community of organisms that live in the
marsh to once again flourish. If you live in
a marsh, remove one “gotcha” chip. If you
depend on small fish for food, you may
remove a second chip.
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SOME THREATENED (T) AND ENDANGERED (E) SPECIES

IN THE GULF COAST STATES

U. S. Fish and Wildlife Service

COMMON NAME SCIENTIFIC NAME STATE(S) FEDERAL
STATUS

PLANT
Alabama Canebreak

Pitcher-plant Sarracenia rubra alabamensis AL E
Alabama Leather Flower Clernatis socialis AL E
American Heart's-tongue

Fern Phyititis scolopendriurm AL T
Florida Golden Aster Chrysopsis floridana FL E
Florida Skullcap Scutellaria floridana FL T
Green Pitcher-plant Sarracenia oreophila AL, FL E
Mohr's Barbara’s Butlons Marshaliia mohrii AL, FL T
Pygmy Fringe Tree Chionanthus pygrmaeus FI. E
Pondberry Lindera melissifolia MS, FL E
Price's Potato-bean Apios priceana MS, AL T
Smooth Coneflower Echinacea laevigata FL E
Tennessee Yellow-eyed

Grass Xyris tennesseensis AL, FL E
Texas Prairie Dawn Flower Hymenoxys texana X E
Texas Trailing Phlox Phlox nivalis T E
INVERTEBRATES
Alabama Moccasinshell

Mussel Medionidus acutissimus MS, FL, AL T
Fine-lined Pocketbook

Mussel Lampsilis aitilis AL, FL T
Heavy Pigtoe Mussel Pieuroberna taitianum MS, AL E
Inflated Heelsplitter Mussel Potamilus inflatus AL, LA T
Orange-nacre Mucket

Mussel Lampsilis perovalis MS, AL T
Ovate Clubshell Mussel Pleurobema perovatum MS, AL, FL E
Southern Acornshell

Mussel Epioblasma othcaloogensis AL, FL E
Southern Clubshell Mussel Pleurobema decisum MS, AL, FL E
Southern Combshell

Mussel Epioblasma penita MS, AL, FL E
Triangular Kidneyshell

Mussel Ptychobranchus greeni AL, FL E
Upland Combshell Mussel Epioblasma metastriata AL, FL E




COMMON NAME SCIENTIFIC NAME STATE(S) FEDERAL
STATUS
FISH
Bayou Darter Etheostorna rubrum MS T
Bilue Shiner Cyprinella cagrulea AL T
Gulf Sturgeon Acipenser oxyrhynchis
desotoi ' MS, AL, LA, FL T

Pallid Sturgeon Scaphirhynchus albus MS, LA E
Snail Darter Percina tanasi AL, FL T
AMPHIBIANS AND REPTILES
Alabarma Red-bellied Turtle Pseudemys alabamensis AL, FL E
Blue-tailed Mole Skink Eumeces egregius lividus FL T
Eastern Indigo Snake Drymarchon corais couperi MS, AL, FL T
Gopher Tortoise Gopherus polyphemus MS, LA T
Green Sea Turtle Chelonia mydas TX, LA, MS, AL, FL
Hawksbill Sea Turtle Eretmochelys imbricata TX, LA, MS, FL E
Kemp's Ridley Sea Turtle Lepidochelys kempii TX, LS, MS, AL, FL E
Leatherback Sea Turtle Dermochelys coriacea TX, LA.AL, FL E
Loggerhead Sea Turtle Caretta caretta TX, LA, MS, AL, FL T
Red Hill Salamander Phaeognathus hubrichti AL T
Ringed Sawback Turtle Graptemys oculifera LA, MS T
Salt Marsh Snake Nerodia fasciata taeniata FL T
BIRDS
Attwater's Prairie Chicken Tympanuchus cupido attwateri TX, LA E
Bachman's Warbler Vermivora bachmanii LA, FL E
Bald Eagle Haliaeetus leucocephalus TX, LA, MS, AL, FL T
Brown Pelican Pelicanus occidentalis TX, LA, M8 E
Florida Scrub Jay Aphelocoma coerulescens FL T
Kirtland's Warbler Dendroica chrysoparia kirtlandii FL E
Least Tern Sterna antilfiarum TX, LA, MS E
Mississippi Sandhill Crane Grus canadensis pulla LA, MS E
Peregrine Falcon Falco peregrinus TX, LA, FL T
Piping Plover Charadrius melodus TX, LA, AL, FL T
Red Cockaded

Woodpecker Pigoides borealis TX, LA, MS, AL, FL E
Whooping Crane Grus americana TX, LA E
Wood Stork Mycteria americana AL, FL E




COMMON NAME SCIENTIFIC NAME STATE(S) FEDERAL
STATUS
MAMMALS
Black Bear Ursus americanus luteolus MS, LA T
Blue Whale Balaenoptera musculus LA E
Finback Whale Balaenoptera physalus LA E
Florida Panther Felis concolor coryi LA, FL E
Gray Bat Myotis grisescens AL, FL E
Indiana Bat Myotis sodalis AL, FL E
Jaguarundi Felis yagouaroundi cacomitli TX E
Key Largo Cofton Mouse Peromyscus gossypinus
allapaticola FL E

Lower Keys Rabbit Sylvilagus palustris hefneri FL E
Manatee Trichechus manatus LA, FL E
Ocelot Felis pardalis TX E
Southeastern Beach

Mouse Peromyscus polionotus AL, FL E

T = threatened E = endangered




EVALUATION QUESTIONS

MATCHING: Using the choices in the left column, identify the habitat described in
the right column. Write its name in the space provided. There is one
BEST answer for each.

1. Provides wood for making homes,
furniture, and paper

2. Decorates the land with many
wildflowers during spring, sum-
mer, and fall

3. Body of water completely
surrounded by land — home to
species such as water lilies,
beavers, and salamanders

4. Hiding place where many types of
baby marine animals — shrimp,
crab, turtles, and fish — grow

Pine Forest

5. Spartina, commonly called
cordgrass, is the vegetation most
typical of this harsh coastal habitat

#f) 4
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6. Place where people hunt deer,
turkey, and squirrel for food

Meadow 7. Resting place for many birds that
migrate north in the spring and
south in the winter

8. A cleared, open place where
trees once grew — home to many
insects, weedy plants, and small
Salt Marsh mammals such as mice and rabbits




MULTIPLE CHOICE: Select the BEST answer for each statement.
1. A species that has died out and is gone forever from the earth is described as

threatened
exotic
endangered
extinct

SEeR I

2.  Which of the habitats below would suffer the most from the wreck of a fuel tanker
transporting oil in the Gulf of Mexico.

A. salt marsh
B. freshwater pond
C. grassy meadow
D. pine forest

3. Asquirrel’s niche is to

A. replenish the air with oxygen

B. live in a meadow

C. eatacorns and pine cones

D. decompose dead plants and animals

4. The place that provides food, water, shelter and space for an organism is its

A. niche
B. habitat

C. life cycle
D. food chain

5. Sparrows, bluebirds, cardinals, and blackbirds are

A. different species

B. endangered species

C. in the same food chain
D. predators of hawks

6. A believable food chain is (arrows point to the consumer)

A. beetle —» clover —» snake —> toad

B. pine tree —» hawk — dandelions —» rabbit

C. algae —» snail —» raccoon —»crawfish

D. decaying leaves — earthworm —— robin — cat




10.

11.

12.

Which of the following statements best describes the relationship between biodiversity
and the size of the human population?

Greater diversity leads to increased human population.

Greater human population leads to increased biodiversity.

Greater human population leads to reduced biodiversity.

There is no relationship between biodiversity and the size of the human
population.

oW R

Which of the following changes could have caused the disappearance of a species of
green frogs from a stream where it once lived.

A. Weed killers entered the stream when a farmer over sprayed his nearby fields.

B. Water levels dropped drastically when a newly built dam diverted the water
to use in a power plant.

C. Repeated insecticide spraying to kill the mosquitoes in a nearby town resulted
in the death of many insects.

D. All the changes could have harmed the frogs, causing them to disappear.

The biodiversity of a salt marsh would be harmed most by the loss of the

A. grass shrimp
B. marsh grass
C. bluecrab

D. brown pelican
Biodiversity is

A. the variety of species in an area

B. the number of different habitats in an area

C. the number of differences among members of the same species
D. All of the above describe biodiverstiy.

Which of the following is an adaptation in bullfrogs?

A. They help control the size of insect populations.

B. They can produce their own food by photosynthesis.

C. The color variations in their skin help hide them in the environment.
D. All of the above are adaptations in bullfrogs.

A place where living things interact with each other and with the nonliving
environment is called a(n)

wetland
ecosystem
niche
community

OO




DISCUSSION:  Use your best writing skills — spelling, punctuation, grammar — in
responding to the following statements.

1. In your opinion, what is the most important ecological, economical, or ethical reason for
maintaining biodiversity in the Gulf Coast region and throughout the world? Support
your opinion with an example, and in your explanation, use at least two terms you
learned during the lessons on biodiversity.

2. Demonstrate your understanding of food chains by diagramming a believable one in
which you are the top consumer. Identify the producer, herbivore, and carnivores.
Name the Gulf Coast habitat where these organisms live.

» [BONUS: Create a food web using your food chain as the beginning,.]

3. Name three things you, as a citizen of the Gulf Coast region, can do to help maintain
biodiversity.




EVALUATION

MATCHING:

1. Pine Forest 5. Salt Marsh

2. Meadow 6. Pine Forest

3. Pond or Lake 7. Salt Marsh

4, Salt Marsh 8. Meadow
MULTIPLE CHOICE:

1. D 7. C

2. A 8 D

3. C 9. B

4. B 10. D

5 A 1. C

6. D 12. B
DISCUSSION:

The following examples of answers should
be modified by the teacher to fit appropriate
grade level expectations.

Answers will vary but should describe
some ecological, economical, or ethical
reason for maintaining biodiversity. A
specific example of why the reason is
important should be cited in which several
associated terms are used correctly or
defined. For example:

Ecological reason — Biodiversity should be
maintained in order to preserve the balance in
nature. An example might focus on the nature
of food chains and food webs, predator/prey
relationships, or niches that, if disrupted, would
weaken the ecosystem.

Economical reason — The hunting, fishing,
and trapping of various spectes provide a
livelihood for many humans. Forestry provides
wood for making homes, furniture, paper and
other products. Diverse habitats offer a variety
of recreational opportunities which in turn fuel
the tourist economy. Associated terms may
include sustainable use, species, habitats.

Ethical reason — Humans, as the dominant
species on earth, have a responsibility to use the
earth and its resources in ways that insure a
healthy and diverse environment for future
generations. Examples may focus on the plight

- ANSWERS

of endangered and threatened species and habitat
loss and degradation. Associated terms may
include sustainable use, extinct species, endan-
gered species, threatened species, habitat frag-
mentation, deforestation, niche, etc.

2. Look for three parts in this answer.

a. The appropriate flow in a food chain:
producer -» herbivore —» carnivore(s)

b. Specific organisms (species) that fit the
categories (part a) — student’s name (or
the word human) must be last in the
chain.

c. The identity of the ecosystem or habitat
where the organisms live.

Examples:

SALT MARSH

ALGAE -» ZOOPLANKTON -» TROUT -» HUMAN
{producer) {herbivore) (camivore) (carnivore)

or

MEADOW

GRASS SEEDS -» DOVE -»
{producer) {herbivore)

HUMAN
{carnivora)

* For the BONUS portion of the question,
award points based on the number of
correct branching connections shown.
(See example in the Background section on
page 2.}

3. There are a number of possible responses.
Accept any that you think are reasonable.
You might offer the HINT: Save, Study, Use
Sustainably, then look for answers that
reflect that philosophy.
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EXOTIC SPECIES

LEARNING OBJECTIVES
Students should be able to:

1. Define exotic and native species and cite
examples of each from the Gulf Coast
region.

2. Identify adaptations which allow exotic
species to succeed in new areas.

3. Cite both positive and negative reasons for
introducing exotic species in the Gulf Coast
area.

4. Predict the impact of introducing a specific
organism to a known environment.

5. Suggest possible plans for the containment
of specific exotic species.

INTRODUCTION

Humans are not the only immigrants to
the United States. Thousands of animal, plant,
and microbial species are also newcomers to
this country. Because they were brought to the
United States from another country, they are
called exotic species. Some exotics have been
introduced intentionally by man, while others
have entered accidentally in ships' ballast
waters, in packing materials, attached to other
plants or animals, or even in hurricane winds.

Man has introduced some exotic species in
an effort to improve the quality of human life.
Cattle, pigs, wheat, and soybeans are exotics
that are controlled by farmers and are therefore
agriculturally beneficial. Many Americans
enjoy tropical fish, birds, and snakes as pets
and use toreign plants such as roses and tulips
to beautify their yards. But some exotic species
are able to adjust successfully in the wild.
These reproduce and spread outside their
designated habitat.

Exotic species that make their way into
natural ecosystems (into the wild) can threaten
native habitats and the organisms in them.
They may have adaptations that allow them to

outcompete the native species for food, shelter,
or space. Eventually they may even displace
natives that occupy the same or similar niches.
When no natural predators of an exotic species
exist in its adopted environment, its population
grows unchecked, causing further pressure on
the established ecosystem. Populations of
exotic species sometimes increase uncontrol-
lably, interfering with human activitites such as
industry, agriculture, and recreation.

Because of its mild climate and geo-
graphical location, the Gulf Coast region has
been particularly susceptible to the invasion
and spread of exotic species. Water hyacinth,
kudzu, Africanized honey bees, nutria,
Argentine fire ants, and zebra mussels are
examples of exotic species that have adapted
quickly and easily to the Gulf Coast
environment.

BACKGROUND INFORMATION

The following information will be helpful
in discussing exotic species prior to viewing the
video and in guiding students toward logical
and meaningful conclusions throughout the
viewing and postviewing activities.

Water Hyacinth
Eichhornia crassipes

One of the most troublesome of
the Gulf Coast’s exotic plants is the
water hyacinth. This beautiful,
free-floating aquatic herb inhabits
most lakes, bayous, swamps,
and freshwater marshes of
the coastal states from early
spring through the first
hard freeze of winter. Itis
easily recognized by its
flowers, which are lavender
and blue with a conspic-
uous yellow spot in the top
petal. The flowers are
arranged in a spike that is
held erect above a floating
cluster of leaves.




Water hyacinths are native to Central and
South America but were brought into the
United States for an exposition held in New
Orleans in 1884. Because of their beauty, they
were admired by many exposition attendees
who enthusiastically divided the plants and
took them home to add to backyard ponds.

By 1900 they had escaped cultivation and had
become a serious pest, clogging waterways
throughout the coastal states.

The water hyacinth’s success in its new
habitat can be traced to a number of
adaptations.

* They reproduce vegetatively through
fragmentation. If a plant is broken into
pieces (fragmented), each piece can root and
grow into a new plant. Fragmentation may
be caused by the churning blades of boat
motors, the thrashing of swimming and
grazing animals, and water agitation during
stormy weather.

* Their stems are hollow in the middle and
lined with spongy tissue, facilitating
floatation.

* Their leaves are fanlike and slightly cupped;
as the wind blows, the plants are spread from
one area to another like little sailboats.

* The plants are fed nutrients, water, and
carbon dioxide through a dense, feathery
network of roots.

With these advantages, water hyacinths
are able to cover the surface of their aquatic
habitat in a relatively short period of time.

The effects of water hyacinths on natural
systems can be devastating. As the hyacinths
cover the water surface, they restrict life
sustaining sunlight to submerged native plants.
Eventually the shaded plants die and decay.
The decaying process depletes the amount of
dissolved oxygen in the water. As the oxygen
level declines, fish such as bass, perch, and
bream either die or seek new habitat areas
leaving less desirable fish — catfish, carp, and
gar — to populate the water.

Humans are also affected by the invasive
overgrowth of water hyacinths. Dense mats of
the plants interfere with boat navigation, clog
drainage systems, and prevent fishing,
swimming and other recreational activities.

When water quality declines, everything that
depends on the water for food, drink, habitat,
or recreation suffers.

For the most part, efforts to control water
hyacinth populations have been unsuccessful.

* Mechanical croppers cannot reach all the
plants and may increase fragmentation
among the plants that remain.

* Because the herbicides that are most effective
have harmful side effects on the ecosystem,
they are seldom used.

® The use of natural predators (a weevil
species from Argentina and a carp species
from the Soviet Union feed on water
hyacinths) would mean introducing other
exotic species that may, in time, become as
much of a pest as the hyacinth itself.

When growing out of control, water
hyacinths are a nuisance, but some researchers
have suggested uses for this exotic that would
make it a harvestable resource.

* Use as a food for cattle.
* [Jse as a fertilizer and soil conditioner.

* Produce a biogas fuel similar to natural gas
to meet some energy needs.

Other research has shown that water
hyacinths may be useful in removing harmful
chemicals from polluted waterways. Even
though these are all possible uses, so far, the
negative impact of these aquatic plants on their
adopted habitat far outweighs their
contributions to the environment.

Kudzu
Pueraria lobata

Another exotic plant
that is wreaking havoc
throughout the Gulf
Coast region is kudzu.
This perennial, high-
climbing, leafy vine can
grow as much as 60 feet in
a single growing season and
as much as 12 inches in a
day. Asit grows, kudzu
covers shrubs, trees, and
everything else in its way.




From a distance, a forest or field covered with
kudzu may appear to be a wavy sea of green
leaves.

Kudzu was introduced to the United States
from the Orient by a Japanese delegation
exhibiting at the 1876 Centennial Exposition in
Philadelphia. Because kudzu is a fast growing
cover plant, the Japanese used it to shade and
decorate their pavillion. To sweltering southern
exposition attendees, kudzu seemed so effective
in shading the pavillion that many toock cut-
tings home to plant around their porches for
shade. In the warm, humid south kudzu did
indeed grow and spread like wildfire.

Kudzu’s success in its adopted environ-
ment can be attributed to a number of factors.

*» [t spreads quickly by producing horizontal
stems called runners. When these runners
contact a moist surface, they begin to pro-
duce their own roots and eventually their
own horizontal stems. Once rooted, the
runner can continue to grow even if it be-
comes detached from the parent plant.

¢ Throughout the growing season, kudzu
produces and stores an abundance of starch
{a food source) in its extensive root system.
These roots survive the winter months and
provide a storehouse of quick energy for new
growth when light and temperature condi-
tions are favorable in the spring.

* Because farm animals — goats, hogs, chick-
ens and cows — readily eat this vine, rich in
protein and vitamins A, C, and D, farmers
during the early 1900s planted kudzu on
their land so it could be used as a feed
supplement.

¢ Like clover and alfalfa, kudzu is a nitrogen-
fixing legume, which means that it can
convert atmospheric nitrogen into com-
pounds that can be used by the plant for
growth. Before kudzu became a nuisance,
farmers were encouraged to grow and then
plow under kudzu so that its decomposition
would release nitrogen compounds to restore
soil fertility.

* During the 1930s and 1940s, kudzu’s ability
to quickly cover eroding gullies was her-
alded as a quick fix for America’s erosion
problems. Subsequently, the government

funded the planting of 84 million kudzu
seedlings along highway and railway em-
bankments. The seedlings thrived.

By the mid 1900s people throughout the
south — especially in the Gulf Coast region
where mild winters allow kudzu to grow year
round — were becoming disenchanted with
this exotic plant that was spreading over the
landscape. [t was adversely affecting the native
ecosystem by:

* over-shading and causing the eventual death
of the covered plants

* interfering with power lines and rights-of-
way

» preventing the establishment of new tree
seedlings

* destroying the food supply of many wild
animals

Kudzu continues to cause the same prob-
lems today. The following methods are being
used to help control its growth:

* overgrazing by farm anime;ls

* regular cultivating or disking

* burning it with ground fires

* killing it with herbicides such as ©Roundup.

Even though kudzu becomes an environ-
mental nuisance when unattended, some hold
hope for its use as an agricultural product. In
the Orient, where human overpopulation
makes space a premium, this fast growing vine
is a valuable resource.

s [ts fibrous stems are used to make cloth and a
high-quality paper.

* A powdered starch made from its roots is
used as an ingredient in beverages, noodles,
salads, jelled desserts, and sauces.

» Kudzu-based medicines are used for the
treatment of ailments ranging from acid
indigestion and gonorrhea to alcoholism.




Nutria
Myocastor coypus

The nutria is
a South American
animal species that
has made a new
home in the Gulf
Coast region. These
furry animals live in
wetland areas and look very much like huge
rats (an average adult nutria weighs about 12
pounds) hence their nickname, “swamp rats.”
Like their relatives — mice, beaver, muskrat,
and gophers — nutria are gnawing mammals
that belong to the order Rodentia.

With claws on their front feet and webbing
on their hind feet, nutria move effectively on
land and in water. During the day, they swim
leisurely, resting occasionally in burrows that
they build in the banks of the wetland areas
they inhabit. During the night hours, they eat

and seek mates.

Otter Nutria Beaver

Comparison of similar aquatic mammals

Nutria are herbivores that feed primarily
on aquatic plants such as water hyacinth, alli-
gator weed, and young cypress trees. Typical of
most rodents, they have a high reproductive
potential. When food supplies are plentiful and
other habitat conditions are good, females may
begin breeding by four months of age, and have
litters of four to six young twice or three times a
year. These two attributes — having a diverse
diet and being prolific — have contributed to
the nutria’s success in adapting to their adopted
habitats in the Gulf Coast region.

Like beaver, nutria have a dense, velvety
fur, which is ideal for making into coats. In
1938, hoping to spur the Louisiana fur industry,
E.A. Mcllhenny (the Tobasco sauce magnate)
imported 20 nutria from Argentina and placed
them in specially constructed enclosures. In
captivity, well fed, and free of natural predators

— alligators, eagles, large snakes, garfish, and
turtles — his nutria flourished. Unfortunately,
during a hurricane some of the animals
escaped.

Nutria were also imported and deliber-
ately released in coastal states during the early
1940s to help curb the spread of undesirable
aquatic plants that were clogging waterways.
By 1943 (only five years after their introduction
in Louisiana), the animals could be found in
ponds, swamps, freshwater marshes, lakes, and
rivers throughout the coastal area.

By the late 1940s trappers were harvesting
nutria and selling their soft pelts. The fur
industry began to grow; during its peak be-
tween 1977 and 1984, an average of 1.3 million
pelts were being harvested annually from
Louisiana alone. Then, in the late 1980s the
demand for fur coats began to decline. With
the fur industry on the wane, nutria were no
longer trapped in numbers sufficient to
counterbalance their high reproductive rate.
Their populations began to grow exponentially.

Today, the number of nutria in some Gulf
Coast areas such as southeastern Louisiana,
where as many as 6,000 per square mile have
been counted, has exceeded the carrying
capacity. In these areas of high density, nutria
are causing ecological and economical havoc.

¢ They eat all the available vegetation, leaving
the land bare and vulnerable to storm
damage and erosion.

* As nutria build burrows, they weaken and
often destroy water retaining structures.
Manmade levees and dikes used to regulate
water flow for rice and sugarcane crops are
often damaged and must be replaced.

* During the last ten years, the estimated
annual damage to crops and land structures
caused by nutria has exceeded one million
dollars.

In the past, the trapping industry kept
nutria populations in balance, but since there is
less demand for fur and therefore less trapping,
alternatives for population control must be
found.

¢ Fences and walls have been used to reduce
nutria invasion, but the high cost of instal-
lation limits their use.



* Zinc phosphide, a poison that is effective in
killing nutria, is highly toxic to other wildlife
and humans. Thus, it must be used carefully.

¢ Ultimately, nature may contain nutria. In
areas where their numbers are extremely
high, disease and starvation will eventually
cause population crashes. Unfortunately, the
damage done to native ecosystems before
these crashes occur may be longlasting and
in some cases permanent.

The story of the nutria’s introduction,
dispersion, and prominence throughout Gulf
Coast wetlands demonstrates the negative
impact an exotic species can have on a
hospitable environment.

Zebra Mussels
Dreissena polymorpha

One of the most recently identified exotic
species to affect American aquatic ecosystems
is the zebra mussel. These tiny, freshwater
bivalves — usually no larger than a fingernail
— derive their common name, zebra, from a
distinctive shell pattern of alternating light and
dark bands. The exact pattern of stripes varies,
reflecting the species name, polymorpha.

Zebra mussels were inadvertently intro-
duced to the United States from Europe during
the mid 1980s when ships emptied their ballast
water in the Great Lakes.

Ships preparing for transoceanic voyages
often take water into holding tanks to use as a
stabilizing weight, or ballast. As water is
sucked into these ballast tanks, a huge spec-
trum of marine life — everything from protozoa
to fish — also enters. When the ships reach
their destination, the ballast tanks are emptied
and the hitchhiking organisms are released in a

new location. These foreign organisms may or
may not find the new environment hospitable.

In the case of zebra mussels, the Great
Lakes provided an ideal habitat. In less than 10
years they have spread throughout the Great
Lakes region and into the South Central United
States.

Several environmental factors appear to be
critical to the growth and reproduction of zebra
mussel populations — water temperature,
salinity, pH, mineral content, an abundant food
supply (algae, zooplankton, and detritus), and a
firm surface to which adults can attach.

Temperature 6-28°C (spawnat 12 -23°C
and die above 31°C)

Salinity < 5 parts par thousand (ppt)

pH 7.4 - 9.4(slightly alkaline})

Magnesium > 20 parts per million (ppm)

and Calcium

Faverable ranges for factors affecting
zebra mussel growth

Zebra mussels hatch from eggs into free-
swimming larvae called veligers. During this
larval stage, which lasts two to three weeks,
downstream currents easily transport the
mussels from one body of water to another.

By the third week, the larvae enter a
“settling stage” and must attach to a firm
surface — rocks, pier pilings, boats, concrete,
or even another animal’s shell. Each mussel
secretes strong protein fibers called byssal
threads that holds it to the substrate. The
characteristic banded shell also develops
during this adult stage.

As with most successful exotic species,
zebra mussels possess a number of charac-
teristics that allow them to outcompete native
species and extend their range rapidly.

» Mature females produce from 30,000 to
1 million eggs per year.

* The microscopic, free-swimming larvae are
easily moved downstream by currents.



s As adults, the mussels often attach to the
outsides of boats and insides of boat bilge
pumps and live wells; they are then readily
moved to new locations.

Zebra mussels often form massive
colonies that include thousands of individuals
attached to each other. These densely popu-
lated colonies cause damage to the native
ecosystem.

* They filter large amounts of plankton and
detritus from the water, reducing the amount
of food available for native species. The
excessive removal of plankton and detritus
which form the base of aquatic food chains
eventually disrupts the entire food web.

e Zebra mussels weaken or kill other
freshwater bivalves by attaching to their
shells, interfering with the host's ability to
open and close.

¢ When they populate an area to the extent of
covering most available solid surfaces, they
destroy the nesting places of other aquatic
animals.

* Their colonies clog municipal and industrial
water-intake pipes, cover pier pilings, docks,
and buoys, interfere with recreational
boating and beach use, and, in general,
compromise the efficiency of anything to
which they attach.

Although the northeastern region of the
United States has suffered the most from zebra
mussel damage, it is not the only area at risk.
These tiny, colonizing mollusks have moved
into southern waters by hitchhiking on barges
and boats moving down the Mississippi River.
They have been found as far south as New
Orleans, Louisiana and have populations in
Arkansas, Alabama, Mississippi, and Oklahoma
as well.

Once established, zebra mussels are very
difficult and expensive to control. In Europe,
they are kept in check by a natural predator —
a species of fish with a grinding mechanism
that enables it to eat them. There are no such
fish predators in the United States and other
potential native predators, such as diving ducks
and crawfish, have yet to adopt zebra musssels
as a major part of their diet.

There are poisons that kill the mussels,
but the toxins also harm native animals. The
best hope for slowing the spread of this exotic is
to raise public awareness about the problem
and solicit the help of both industry and private
citizens in cleaning boats before moving them
from one body of water to another:

* Wash the outside of boats with hot, high-
pressure water.

* Disinfect the inside of boat bilge pumps and
live wells with a 10 percent chlorine bleach
and water solution.

An aggressive campaign to deter the
spread of this exotic is necessary to keep the
waterways of America productive and
enjoyable for humans and other organisms.

Argentine Fire Ants
Solenopsis invicta

More than 8,800 different species
of ants have been identified in the world. One
of those species, the Argentine fire ant, is a new
migrant to the Gulf Coast area and is becoming
a serious ecological problem.

Like most other
members of the insect
order Hymenoptera, these fire ants are social in
behavior. They live in colonies that include an
egg-laying queen, a few winged males and
females, and many wingless female workers.

The males have one function in the colony
— to mate with flying females. Once mating
occurs, the males die. The fertile females, now
queens, descend from the nuptial flight, shed
their wings, and begin burrowing into the
ground to begin new colonies. Within two days
each new queen begins her life’s work of laying
eggs — hundreds of eggs a day.

The role of the workers, who may number
from 500 to 500,000, is to protect, feed, and
groom the queen. If something disturbs the
colony, the workers aggressively attack, biting
with their pinching jaws and injecting a venom
with their lance-like stingers.

A fire ant nest, which appears to be only a
foot or so high on the surface of the ground, is



really an extensive underground system of
tunnels that may reach out 50 feet from the
central mound and six feet down. The ants
move up and down the tunnels according to
the temperature and water level.

As with many other exotics, Argentine fire
ants were accidentally introduced into the
United States. They were brought from Brazil
to Mobile, Alabama, in the hold of a ship
during the 1940s. During the past 50 years,
they have moved across farm lands, parks,
orchards, and suburban lawns to extend their
range from the Florida Keys westward through
Texas and northward as far as Tennessee.

Entomologists believe that the success of
these fire ants can be attributed to two factors.

* An abrupt change in the social behavior of
some colonies that began during the 1970s.
Mounds appeared that contained hundreds
of egg-laying queens instead of one. As
before, each queen produced her own horde
of workers who recognized her pheromone

{a chemical scent) and that of their nestmates.

But instead of killing fire ants having a
different scent, the workers of the various
queens began to cohabit.

With so many queens in one area, the
population density increases drastically.
Also, the workers produced by the con-
sortium of queens build many more mounds
per acre — instead of 50 there may be as
many as 500 interconnecting mounds. These
supercolonies have been located throughout
Louisiana, Florida, Georgia, and Alabama,
and are the dominant type in Texas.

» The Argentine fire ants have few natural
predators in the Gulf Coast region. In South
America, where they originated, a variety of
predators {a protozoan parasite, a fly that
attacks the queen, and a mimicing parasitic
ant) help keep fire ant populations in check.

The ecological impact of these Argentine
fire ants has been pronounced.

* In areas of severe infestation they are known
to damage crops, expensive farm equipment,
and electrical equipment.

¢ Farm animals and workers are continually
annoyed with stings.

* Research has shown that biodiversity
declines in areas where these ants settle.
The variety of ant species declines by as
much as 70 percent and the number of other
arthropod species — insects, spiders, ticks,
and fleas — drops by about 40 percent.

Efforts to control the growth and spread of
Argentine fire ant colonies have followed
serveral courses.

¢ Some chemical toxins have been effective in
killing the ants. Because they also kill native
species, these can no longer be used. Less
toxic insecticides merely slow the ants’
spread to new locations.

* Current emphasis is on the use of biological
weapons. One is a pheromone that mimics
the scent of the queen. The synthetic
pheromone is added to a toxic bait which is
then made available to the queen by the
workers.

» Another approach is the use of a growth
regulator that makes the queen incapable of
egg production.

s Some think the introduction of South
American predators highly specific for the
ants would be the best method of control.

Although their presence reduces
populations of some insect pests such as boll
weevils and surgarcane borers, for the most
part, Argentine fire ants are considered a blight
on the landscape and a detriment to the
ecosystem.

Africanized Honey Bees,
Apis mellifera scutellata

All honey bees are alien to
North America. The European
honey bee, common throughout
the United States during the
spring and summer, was
imported to the New World by
early settlers. In contrast to the
other exotic species discussed in
this background information,
the European honey bee’s
assimilation into its adopted
habitat is a success story for both the
honey bees and the native species.




Today, European honey bees are a vital
part of United States agriculture. Besides
producing nearly 200 million tons of honey
each year, honey bees are invaluable as
pollinators. About one third of the American
diet is directly or indirectly dependent on crops
pollinated by bees as they seek pollen and
nectar for food.

Because of their value to agriculture,
European honey bees were introduced into
South America during the 1900s, but they did
not thrive in the hot, humid climate. So, in 1956
a Brazilian scientist, hoping to breed a honey
bee variety more suited to the tropical
environment, imported several hundred honey
bees native to the savannas of Africa. He
crossed them with the European variety, but
before he could determine the outcome of his
experiment, the hybrids were accidentally
released. These experimental bees quickly
interbred with the resident bees, creating the
offspring now called Africanized honey bees.

Africanized honey bees look identical to
the European honey bees but other character-
istics set them apart. Compared to the
European honey bees the Africanized bees
* have a shorter life span.

* produce less honey.

are less efficient pollinators.

live in smaller colonies.
¢ are more aggressive in defending their hive,

Because of their defensive behavior, the
Africanized honey bees have gained much
notoriety. But these insects, dubbed “killer
bees” by Hollywood, are not as hostile as they
have been portrayed. They generally react
defensively only when their hives are threat-
ened, and their sting is no more poisonous than
that of the European honey bee. However, once
provoked, they sting in greater numbers and
will chase the offender farther.

In the opinion of most entomologists, the
real danger presented by the Africanized honey
bees is the negative impact that they will have
on American agriculture. Ninety crops culti-
vated in this country depend on the pollination
accomplished by honey bees. Interbreeding
between the European and Africanized bees

could be devastating to the $20-billion-a-year
American farming industry.

The hybridized honey bees would become
less useful as pollinators and honey producers
and because of their defensive behavior, would
be more difficult for beekeepers to handle.

Africanized honey bees first entered the
United States during the fall of 1990 and have
since spread through Texas. Entomologists
expect them to extend their range westward
into New Mexico and eastward into the Gulf
Coast region. Various methods of controlling or
mitigating their effects are being investigated.
The following are some of the moré promising
ideas.

* Arrange for more domestic bees to interbreed
with the Africanized bees in order to mitigate
the undesirable traits.

* Develop a honey bee that is resistant to a
bacterium that would kill only Africanized
bees.

* Develop a hive for trapping swarms of the
Africanized bees by attracting them with a
specific scent. Once in the hive, they could
be eliminated.

* Encourage beekeepers to identify their own
queens by marking them with paint. Then,
if an Africanized queen tries to take over the
hive, she can easily be spotted and killed.

The solution for the general public is to
stay away from all bee hives. If one is spotted,
trained professionals should be asked to
remove the colony. Should an individual
accidentally provoke bees, (s)he should cover
the head with a jacket or sweater and run to
shelter or until the bees stop chasing. European
bees will chase only about 25 feet and
Africanized bees a few hundred feet. Most
people can outrun a swarm.



TEACHING SEQUENCE

-

J\SW Introduction and
Background
1. Review the meaning of

LN
the ecology terms —::‘_5
used in the video.

Ask students to cite
examples for each term.
Terms to include are:
environment, ecosystem, food web,
species, population, community, habitat,
aquatic, terrestrial, niche, predator, prey,
and adaptation. (Other terms listed in the
vocabulary section can be taught during
class discussions during or after viewing
the video.) [30 minutes)

Relate the learning objectives for the
module then distinguish between exotic
and native species. Using the background
information and a transparency of the
illustrations on page 13, identify and tell a
little about each of the exotic species to be
highlighted in the video. If time permits
and the specimen are available, provide a
nutria pelt, a stem of kudzu, stereoscopes
with a fire ant and a honey bee focused, and
a petri dish containing a few zebra mussel
shells (water hyacinth will be viewed
during the first activity).

[15-20 minutes]

Have students answer the Previewing
Questions (page 11) for homework.

Part I of Video and Water Hyacinth

Activity

4. Discuss the Previewing Questions. Tell

studenis that, while watching the video,
they are to note the adaptations that have
allowed each species to be successful in the
Gulf Coast region.

[10 minutes]

Show the video until instructed to pause for
Activity ] — Investigating the Adaptations
of a Water Hyacinth.

[5 minutes]

Lead students through the activity (see
Teacher Instructions on page 14).
{15 minutes]

Continue the video, reminding the stu-
dents to note the adaptations that have
made each of the exotic species successful.
Stop the video at the place indicated for
Activity Il — Introduce an Alien!

[10 minutes]

Follow steps 1-3 in the Teacher Instructions
(page 15), and allow students the remainder
of class to begin the activity.

For homework, ask students to make a list
of characteristics to include in their group’s
alien species.

Complete Activity II

10.

11.

12.

Review the objectives for Activity II —
Introduce an Alien!
[5 minutes]

Have students follow their instruction
sheet and combine ideas to create, draw
and answer questions about their alien
species.

[30 minutes]

Have each group describe and give the
impact of its alien species. Encourage other
students to ask questions about the alien.
[15 minutes]

Complete the Video and

13.

14.

15.

16.

Postviewing Questions

Show the remainder of the video.
[5 minutes]

Ask students to work with their group to
complete the Postviewing Questions
(pages 11-12).

[15 minutes)

Discuss the postviewing questions, calling
for input from each group.
[30 minutes]

At the teachers discretion, the evaluation
questions (pages 24-26) may be assigned
for homework or used to accompany the
next test. The Extension activities (page 12)
may be assigned for further study.
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PREVIEWING QUESTIONS AND
ANSWERS

1.

What is an adaptation?

An adaptation is a special trait that helps an
organism succeed (live and reproduce) in its
environment.

An exotic is any non-native species that has
made itself a home in a new area. Can you
think of any exotic plants and animals in
our area?

Answers will vary but might include wheat,
roses, cattle, armadillos, cattle egrets, and fire
ants.

What is a food web?

A food web 1s a diagram that shows the feeding
relationships within a habitat — what eats what.

Do you think an exotic species that is
introduced into an area will alter the food
web? Why or why not?

Answers will vary — accept any reasonable
response, as long as if is explained. Explana-
tions may include outcompeting native species
for food, water, shelter and space, destroying
property, providing a new food source for other
species (predators), etc.

How do you think most exotic species get
into a new area?

Several answers are possible. Most students
will reply that they are brought in by humans,
either accidentally or on purpose. Emphasize
that some manage to enter naturally like the
armadillo, which slow!ly made its way up from
South America.

Before viewing the video, remind students to
note the:

adaptations that have allowed each exotic
species 1o become successful in the Gulf
Coast region,

effects — both good and bad — that exolic
species have had on their adopted
environments.

POSTVIEWING QUESTIONS AND

1.

ANSWERS

Name the most common ways that exotics
enter new areas.

® Humans introduce them on purpose or
accidentally.

¢ Nature brings them in during storms.

* They enter through natural migration.

Describe at least three general characteris-
tics of successful exotics.

¢ They are aggressive in getting food, watet,
shelter, and space.

s They grow fast.

o They have a high reproductive rate.

o They have few, if any, natural predators.

Some of the exotic species on the video are
potentially beneficial. Name some which
could be beneficial and explain how.

» Nutria have valuable pelts.

» Water hyacinth and zelra mussels could
help purify water.

o Water hyactnth can be used fo make a
biogas and as a food for cattle.

Identify some problems associated with
each of the following exotic species:

a. Africanized honey bees
b. Zebra mussels

¢. Water hyacinths

d. Nutria

e. Argentine fire ants

Africanized honey bees — produce less honey,
have a short life span, are poor pollinators, and
are very aggressive in protecting their hive.

Zebra mussels — filter plankton from waler
supplies depriving native species of food sources,
clog water intake valves, cover the nesting areas
of some native species.

Water hyacinths — shade submerged plants
from light, clog waterways interfering with
recreation and transportation. '

Nutria — destroy wetlands by eating all the
vegetation, disturb muskrat nests, cause agricul-
tural damage.




Argentine fire ants — reduce the arthropod
diversity in a habitat, inflict painful bites fo
humans and other animals, produce unsightly
mounds which damage expensive farm
machinery.

Develop a plan to control or eliminate at
least one exotic species presented in the
video.

Examples are:

s paying bounties for nutria pelts

* setting poison baits for Africanized
honey bees

 developing herbicides that will kill or slow
the growth of water hyacinths and kudzu
without harming other plants.

EXTENSIONS

1.

Adopt a Native Species: Adopta native
species threatened by the invasion of an
exotic species and decide on ways to help
to support the adopted species.

Exotic Species Book: Prepare a booklet of
exotic species in your area. Inciude
pictures or silhouettes of each species.

Map Time: Using different colors of yar
for each species, have students identify
points of origin and invasion of exotic
species on a large world map.

Wanted! Make “wanted” posters for
various exotic species.

Reintroduce a Native: Ask students to
research how some endangered wildlife
species have been reintroduced in their
original habitats. Have the students dis-
tinguish between “reintroductions” and
“exotics.”

School Yard Nature Walk: Lead your
students in a walk around the school
grounds to identify any exotic plants that
live there.

Stop an Exotic: Have students research
exotic species that live in your area and
plan a campaign to eliminate or curtail the
spread of those species. Ideas include
using signs, buttons, songs, poems, skits,
bulletin boards, etc. to heighten public
awareness.

10.

11.

12.

13.

Future Shock: The presence of some
exotic species could make our world very
different in the future. Have students
write a story predicting how an exotic
plant or animal might affect the Gulf Coast
region during the next 100 years, if its
population continues to spread.

Exotic Cartoons: Draw your favorite
exotic species, cartoon-style.

Debate Time: Have each student choose
an exotic species and defend its place in its
adopted habitat.

Food Web Dramas: Assign each student
the role of an organism in the food web of
a particular habitat. Some students should
be exotics, Each should justify its own
existence, “I have a right to be here
because . . .”

Learn a Law: Investigate state and federal
laws regarding the import and export o
native organisms. .

Here Comes Trouble: Consult local
agricultural extension agencies for
information on the spread of potentially
harmful exotic invaders. Predict their
spread on a map of the United States.



EXOTIC SPECIES
INTHE
GULF COAST REGION

Water Hyacinth Kudzu

Nutria Zebra Mussels

Argentine Fire Ant




ACTIVITY1

WHAT ARE THE ADAPTATIONS
OF WATER HYACINTHS?

(Teacher Instructions)

Objectives

+ To practice making observations and
inferences

¢ To identify adaptations in water hyacinths

Description

Students will work in groups to identify the
structural adaptations of water hyacinths and
tell why the adaptations are helpful for
survival.

Materials (per group)

Small clump of hyacinth plants (roots,
stems, leaves)

Scapel or scissors

Small plastic tub or 5 gallon aquarium

Preparation

1. Obtain enough water hyacinths for each
group to have a small clump of plants.
They can be found in ditches, marsh chan-
nels, bayous, and ponds throughout the
Gulf Coast region from May to frost.

2. Before class, fill each tub or aquarium with
water and add one clump of hyacinth.

Procedure

1. At the designated point, stop the video tape.

Have each group observe their hyacinth
plants and make a list of the external char-
acteristics.

Water Hyacinth

Have one student in each group break a
single stem loose from the clump and, using
a scalpel or scissors, cut crosswise through
the stem. Have the students make addi-
tional observations.

Based on their observations, students
should suggest how each of the hyacinth’s
characteristics has helped it to'successfully
adapt to an aquatic environment.

Using suggestions from each group, make a
list on the board of the water hyacinth's
adaptive characteristics. (Information on
the hyacinth in the Background section
will be helpful.) Compare and contrast the
hyacinth to other aquatic plants such as
water lilies, duckweed, and algae.

Continue the video, alerting students to
check their observations with those pro-
vided by the narrator.



ACTIVITY II
INTRODUCE AN ALIEN!

(Teacher Instructions)

Objectives

* To identify adaptations that help various
types of organisms survive

* To predict the impact of an exotic species on
a food web

Description

Students will read the description of a
specific habitat and make inferences about
environmental conditions within that habitat.
They will then create an exotic (alien) species
with adaptations designed to help it survive in
the habitat. The students will predict the
impact of the exotic on the habitat's food web
and project its success/ failure in its adopted
environment.

Materials

Student instruction sheets for “Introduce
an Alien!”

Habitat/Food Web Cards

Plant and Animal Cards

Unlined paper and pencils or pens

Markers or colored pencils

For the Plant and Animal Cards and the
Habitat/Food Web Cards, copy matching pages (for
example pages 17 and 18) on the back and front of
one sheet of paper then cut and laminate the cards.

Procedure

1. Divide the class into groups of 3-4 students
each.

2. Give each group a Habitat/Food Web Card,
a Plant Card, an Animal Card, and a piece
of unlined paper.

3. Asaclass, read the student instructions
(page 16) step-by-step. Allow time for the
students to interact and discuss options
within their group at each step.

Help students synthesize the information
about the habitats and food webs. Guide
them, as necessary, in making inferences
about the habitats. Inferences may include
the following:

* Grassy Meadows: sunny area, soil
contains decaying organic material, wide
variety of life, animals tend to be small,
trees are nearby.

s Rivers and Streams: wet area, wide
variety of wildlife in and around the
water, land and water come together at
the shore or bank, water speed (current)
is important.

* Salt Marsh: rapid temperature and
salinity changes, rich sediments, muddy
with shallow water, water level changes
with the tide, contains a variety of life,
sunny, no trees -— mostly grass.

* Pine Forest: a few broadleaf trees are
present but the dominant trees are pines,
may have an understory of shrubs and
wildflowers, shady, age of forest deter-
mines the variety of plants, and therefore
the animals that live there.

¢ Sandy Beaches: sunny, only the tough
organisms survive — they must endure
wind, salt spray, and the pounding of
waves — getting food requires special
adaptations, a large variety of animals
live in the water, soil is sandy.

Allow time for students to complete the
activity. Provide guidance as needed.

Have each group describe its alien species
to the class.

Extension

Have students sketch or make a model of
their habitat showing the presence of both
native and exotic species. Display these on
walls or in a media center, library, or other
appropriate area for students, teachers, and
parents to view.



INTRODUCE AN ALIEN!

(Student Instructions)

You are about to create a new exotic (alien) species and introduce it to a foreign environment.

Read and follow the steps listed below to complete the assignment.

1.

Read your Habitat Card. List the characteristics about the habitat that you need to
remember in creating your new species.

A food web that occurs in the habitat is illustrated on the back of your Habitat Card. Study
the food web and imagine how all the organisms in the habitat contribute to the well-being

of each other and the habitat as a whole. Notice that some animals eat plants and others eat
animals.

Now, look at your Plant and Animal Cards. Notice the questions on the back of the cards.
Answering these questions will help you to describe the organism you are about to create.
Work with your group to answer each of the questions.

Within your group decide whether to create an exotic plant or animal.

After agreeing on its characteristics and adaptations, draw a sketch of your alien species.

Include a food web, using the Habitat/Food Web Card as a guide. Show where your exotic
fits into the food web.

Predict the impact of your exotic species on the habitat. Will any native species die out?
How successful will your organism be in finding food, protecting itself, and adapting to the
habitat? What benefits might it have? What harm might it cause?

Select one group member to describe your alien to the class. Everyone should be prepared
to answer questions the class or teacher might ask.



PLANT PLANT
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Plant Adaptations
What are the plant's require-
ments for food, soil, water,
light, and temperature?
What are its growth habits?
(fast or slow growing? tree,
shrub, vine or wildflower?)
What pollinates this plant?
What special adaptations
does this plant have (thorns,
poisons, color, scent,
shape, etc.}?

How big does this plant grow?

How did your species get
here?

How will you control it?

Animal Adaptations
What does the animal eat?

In what temperature range is
the animal active?

How does it reproduce? How
often? In what numbers?

What is the behavior of the
animal? {passive or aggres-
sive}

Are there any other special
adaptations (color, size,
location of body parts, poison,
claws, stingers, and fangs)?

How did your species get
here?

How will you control it?

Plant Adaptations

What are the plant's reguire-
ments for food, soil, water,
light, and temperature?

What are its growth habits?
(fast or slow growing? tree,
shrub, vine or wildflower?)
What pollinates this plant?
What special adaptations
does this plant have (thorns,
poisonsg, color, scent,

shape, etc.)?

How big does this plant grow?

How did your species get
here?

How will you control it?

Animal Adaptations
What does the animal eat?

In what temperature range is
the animal active?

How does it reproduce? How
often? In what numbers?

What is the behavior of the
animal? (passive or aggres-
sive)

Are there any other special
adaptations {color, size,
location of body parts, poison,
claws, stingers, and fangs)?

How did your species get
here?

How will you control it?

Plant Adaptations

What are the plant's require-
ments for food, soil, water,
light, and temperature?

What are its growth habits?
(tast or slow growing? tree,
shrub, vine or wildflower?)
What pollinates this plant?
What special adaptations
does this plant have (thorns,
poisons, color, scent,

shape, etc.)?

How big does this plant grow?

How did your species get
here?

How will you control it?

Animal Adaptations
What does the animal eat?

In what temperature range is
the animal active?

How does it reproduce? How
often? In what numbers?

What is the behavior of the
animal? {passive or aggres-
sive)

Are there any other special
adaptations (color, size,
location of body pants, poison,
claws, stingers, and fangs)?

How did your species get
here?

How will you control it?




HABITAT — FOOD WEB CARD
GRASSY MEADOW

In the Gulf Coast area, a grassy meadow is usvally a temporary clearing in the midst of a forest, alang a forest edge, or
along a roadside. Some facts you should know in order to create an alien species that can live in a meadow are:

Plants here thrive with a full day of sun, but do not grow well in shade.

Grasses are successful because they spread through a network of underground stems. They do not have to rely on
seeds to reproduce.

Flowers are pollinated by wind. Their seeds are light and blow freely to new areas.

As old leaves rot, they act as compost — they hold moisture in the soil, shade roots, and return nutrients to the soil.

A thick mat of grasscs and decaying leaves develops in the meadow, keeping most other plants from growing.
Exceptions include wildflowers such as goldenrod, meadow beauties, and clovers, which force their way through
the mat in early spring.

Flowering plants attract insects that feed on them and help in pollination.

Animals that live in the meadow include worms, insects, toads, snakes, 1ortoises, birds, and mammals. Mammals
such as rabbits and mice eat plants and their seeds. Other mammals such as moles and shrews eat insects.
Reptiles like snakes feed on small mammals and birds. Birds of prey — the hawks and eagles by day and the
owls by night — also scan the meadow in search of food such as mice and small birds.

Some animals find shelter in the ground or on the plants, while others return to trees that surround the meadow.

The grassy meadow may seem like a sunny and serene playground for buzzing insects, but in reality, it is an area of
fierce competition for food, space, and shelter.

GRASSY MEADOW

. Cotton-tail
American )
Toad Rabbit

Meadow
Flowers

Meadow Vole

Green
Grasshopper

Banded King
\—/ Snake




HABITAT — FOOD WEB CARD
SANDY BEACH AND DUNE

Sandy beaches form as erosion breaks rocks into tiny grains of sand. Currents and wind move the grains of sand up and
down the beach forming swells called dunes. Some facts you should consider in creating an alien species that can survive
on the sandy beach are:

= Sea oals are plants that help hold grains of sand together on a beach. They grow horizontal, underground stems called

runners that produce the blades of a new sea oat plant. These blades trap blowing sand Lo help {orm sand dunes.

Plants must be adapted to the drying conditions caused by the perpetual wind. Some have a waxy covering on their
leaves. Other plants prevent water loss by tilting their leaves away from the sun. Some store water in thick stems,
and others have many fibrous roots thal provide an increased surface arca through which water and minerals can be
absorbed.

Animals living closest to the surf are the toughest for they are pounded by waves, tumbled by backwash, and then
exposed 1o the drying sun and wind.

Animals that live higher up the beach must endure high winds, salt spray, higher temperatures, and dry surface
conditions. Their food often consists of dead organisms washed ashore by waves,

Creatures such as coquina clams and mole crabs burrow into the sand when they are not scouring it for something to
eat. Ghost crabs emerge from their holes to feed, while the clams filter food from the water.

Various species of birds patrol the shoreline for food.

Nocturnal animals like raccoons and opossums search the beach for food.

Sea turtles and horseshoe crabs lay their eggs on the beach.

Animals that live in the dunes include small reptiles and mammals; these attract bird predators such as hawks. Insects
and their predators are also common in dune areas. Bog plants such as gentians and bayberries are found in the
moist hollows between dunes.

Each beach inhabitant has special adaptations that allow it 1o live in this ngorously drying environment. Some adaptations
allow the organisms to store water or to go for long periods without moisture while others enable them to hide.

HABITAT — FOOD WEB CARD
PINE FOREST

Many of the Gulf Coast's forcsts are dominated by pine trees. Some facts you should consider when designing an alien
to live 1n a pine forest are:

The soil of the pine forest is sandy and slightly acidic.

Wild fires help to clear out the understory of slower growing hardwoods such as oak and hickory trees. Pines can
survive these fires because of their thick bark and high growing branches. The saw-palmetio quickly recovers
from a fire because new leaves grow from its large root to replace burned ones.

Young pine forests have thick canopies that shade the understory.

Ground-dwelling wildlife find little food in the young pine forest but animals that feed on bark-insects can find a
wealth of food on pine trunks,

As the pines get older, they allow enough light to the understory to support some other types of plants — deer’s
wngue, pariridge pea, and poison ivy. Animals such as white-tailed deer, mice, and rabbits eat these plants. The
understory provides food and cover for song birds like warblers and nuthaiches. Squirrels, raccoons, wild urkeys,
woodpeckers, bobcats, and black bears are all native to the pine forest.

Old growth pine forests are mixtures of needle leaf and broad leaf plants. In this mixed forest you can find many
species of oak trees; their acorns are used by about 185 different species of wildlife.

Older pines may be infected by a kind of fungus that softens their inner wood. These trees are valuable nesling sites
for the red-cockaded woodpecker. The holes this woodpecker makes may be used as hiding places by other
wildlife like flying squirrel, bluebirds, and wood ducks.

The gopher tortoise digs tunnels in the soil. These tunnels are then used for hiding and protection by other wildlife.




SANDY BEACH & DUNE
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HABITAT — FOOD WEB CARD
RIVERS AND STREAMS

In a rainy area like the Gulf South, many rivers and streams drain the land. Some facts you should consider when
designing an alien to live in a river or stream are:

The speed of the river or stream depends on the amount of water in it and the slope of the land. Although most land
in the Gulf Coast area is flat, at times enormous amounts of water from heavy rains flow over it toward the Gulf
of Mexico. :

Some streams are clear. Others are a rich brown stained by dead vegetation. Others are muddied by eroded soil.

Flants growing in or on the edges of rivers and streams must be able to adapt Lo the speed of the water, the changing
water level, and the sediments in the water.

In rivers and streams where the waters flow rapidly, currents carry the food and dissolved oxygen needed by aguatic
organisms. Plants and algae that live here quickly recover after strong currents tear them apart. Some plants like
watercress are flexible and have slick coverings so that water flows over them easily. Plants such as mosses
form great cushions so that water flows around them.

In rivers and streams where water does not flow rapidly, plants such as cattails, reeds, and lilies may grow, These
plants offer food and shelter to many animals, including fish, like bass and bream, amphibians like frogs and
salamanders, reptiles like water snakes and snapping turtles, insects like mosquitoes and dragonflies, and birds
like kingfishers and bank swallows, Raccoons and otiers are mammals that search for food at the edges of rivers
and streams.

Water and land are intertwined in this habitat. Runoff from rain provides nutrients and water for aquatic organisms,
Land organisms may depend on water for a variety of supplies, including food and shelter. (For example, cattails, with
their roets in the waler, provide a place for red-wing blackbirds to build nests.)

HABITAT — FOOD WEB CARD
SALT MARSH

The salt marsh is a highly productive area that links the oceans with fresh water rivers and streams. Some facts you
should consider as you design an alien species to live in the salt marsh are:

All organisms that live here must adapt to harsh conditions — daily rise and fall of the tide causes periods of
wetness and dryness and variations in salinity occur with each influx of fresh water from rain-swollen rivers.

All organisms must have adaptations that allow excess salt to be removed from their bodies. Spartina, a marsh
grass, excretes salt through its leaf pores.

Sediments provide a rich bottom in which many different plants grow.

Common grasses growing throughout the marsh are cordgrass and black needlerush. The tides wash dead
fragments from these grasses into the marsh channels. This detritus becomes the basis for many salt marsh food
webs.

Shrubs grow in the sediments trapped by salt marsh grasses. Common bushes are bayberry, and yaupon holly.
Blossoms from marsh pinks, swamp mallews, apd oxeye daisies brighten the marsh.

Tall grasses and shrubs provide cover as well as food for marsh animals like crabs, shrimp, and clams that live in
the water surrounding the grasses.

Birds nest in the stems of plant, and insects eat the leaves. Long legged birds hum the muddy flats for insects and
crustaceans. Other water fowl like ducks, gulls and pelicans eat fish for food. Crustaceans like shrimp, crab and
crawfish eat detritus {decaying maner). In trn, they are caten by otters, which also eat fish.

Meadow voles scurry along the ground beneath the tall marsh plants. They are hunted by hawks, owls and snakes.
Lizards stalk insects in the grass, and terrapins chase fish in the shallow waters.

Although the grasses seem to dominate the marsh at first glance, closer examination reveals a large variety of wildlife,
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EVALUATION QUESTIONS
MULTIPLE CHOICE: Select the BEST answer for each statement.

1. Which of the following adaptations would NOT be helpful to an exotic species in a
new habitat?

a general diet

a broad temperature tolerance
a specific diet

an aggressive lifestyle

OOwp

2. The water hyacinth would be most damaging to

submerged freshwater plants

salt marsh grasses

understory vegetation in pine woods
sand dune sea oat populations

Ny

3. The zebra mussel most likely arrived in the United States

A. through the port of Mobile, Alabama

B. carried in the ballast water of ships

C. by migrating through Central and South America

D. during an exhibit at the Aquarium of the Americas in New Orleans

4. Africanized honey bees originated in

Africa

South America
North America
Europe

ON=p

5. The most beneficial characteristic of the nutria is its

fur

ability to remove huge tracts of vegetation from marshes
meat

ability to build burrows in the banks of waterways

OOEe

6. Which of the following pairs of exotics show possible commercial value in water
purification (cleaning) systems?

water hyacinths and nutria

nutria and fire ants

fire ants and zebra mussels

zebra mussels and water hyacinths

onwp



10.

11.

12.

Which of the following describes the harmful effect of exotics on native ecosystems?

A. They cause the loss of native species.

B. They disrupt food webs.

C. They spread rapidly, taking over their new habitat.
D. All of the above.

Which of the following is NOT a way that exotic species enter a new area?

deliberate human introduction
accidental human introduction
natural migrations

evolution

oNnwe

Species whose ancestors came from a foreign land are called

A. endemics

B. natives
C. exotics
D. floras

The role or function of a species in its environment is called its

niche
food web
habitat
ecosystem

oN=

Which of the following is an ecosystem?

A. thesun

B. a television

C. the freezer section of a refrigerator

D. an aquarium containing fish and algae

Species whose populations are declining and nearly extinct are classified as

A. endangered
B. endemic
C. exotic

D. threatened



DISCUSSION:  Use your best writing skills — spelling, punctuation, and grammar — in
responding to the following statements.

1. Identify an exotic species that lives in the Gulf Coast area and explain its impact on
native organisms and habitats.

2. What usually ha %ens to native species when an exotic species is successful in its
adopted habitat? Explain you answer.

3. Describe two ways exotic species may be introduced in a new area and give an
example for each.

a.

4. Explain th/ an exotic animal that eats a wide varie:y of foods can adapt to a new area
more quickly than one that eats only a few types of food.

5. Alocal nursery imports a beautiful, fast growing exotic plant. Once established in a
yard, the plant spreads quickly because its roots give off a toxin that kills other plants
%rowing near it. When temperatures dip below freezing, this exotic species dies.

redict its impact on local plants.

6. A storm washes several king snakes onto a small barrier island where some sea bird
species come to nest each spring and summer. King snakes eat small birds and bird
eggs. Predict the outcome of this situation. Will the snakes be able to survive in their
new habitat? What will be the impact on the sea bird populations?

7. Attack or defend the statement, "all exotic species are harmful in their new
environments.”




EVALUATION —— ANSWERS

MULTIPLE CHOICE:
1. C 7. D
2. A 8 D
3. B 9. C
4. B 10. A
5. A 1. D
6. D 12. A

DISCUSSION:

The following examples of answers should
be modified by the teacher to fit appropriate
grade level expectations.

Answers will vary. Refer to the Background
Information section for the names and
impact of the exotic species highlighted in
the video.

Successful exotic species usually harm native
populations.

* Native species have natural enemies such as
parasttes, disease, and predators. Because
these natural enemies have little if any effect
on a new exotic species, the exotic population
may grow faster than that of the native
species. Natives thaf are in direct competi-
tion with the exotic for food, water, shelter,
and space may be deprived of their habitat
needs.

* Over time, these nattve populations may
decline in number, die out completely, or
move to new habitat areas where the exotic
has not invaded.

Exotic species may be introduced:

» gccidentally by humans — as when attached
to a boat or plant or in something like soil or
ballast water being transported into an area.

* on purpose by humans — to provide food,
sport, beautification, pets, or as a treatment
for another exotic.

by natural migration — as in the case of the
armadillo and Africanized honey bee which
migrated from South America.

4. An exotic animal that eats a variety of foods does

not have to spend as much time and energy
looking for food. This allows more time for it to
find a mate and seek hiding and nesting space, all
of which are necessary for survival. An exotic
antmal that eats only a few types of food may
have to spend all of its time and energy looking
for food. If its food is not available or is in
limited supply, it will become weak and eventu-
ally die.

The exotic plant would spread rapidly the first
year, but low winter temperatures would kill it.
The following year, native plants would begin to
grow again in the area where the exotic had
grown, unless its root toxins were still in the soil.
If the toxins continued to kill new native growth,
erosion of the soil would eventually occur.

Since king snakes eat small birds (nestlings) and
bird eggs, their impact on the sea bird population
over a period of years would be catastrophic,
espectally if the snakes represented a breeding
population. Fewer and fewer sea birds would
survive to return and nest. The bird populations
would dwindle and they may begin to nest at a
different site. Eventually, with less food avail-
able, the king snake population would also
decline. In time, as the snakes died off, new
colonies of birds might return to the barrier
island.

Answers will vary. The following are some
reasonable responses.

Attack:

» Exotic pets provide entertainment and com-
panionship for their owners.

* Exotic plants such as roses and many orna-
mental shrubs and trees add beauty to neigh-
borhood landscapes.

» Exotic crops such as wheat, cotton, and soy
beans provide food and clothing for humans.

Defend:

* Most exotic species that succeed in the wild
cause harm to the established ecosystem. They
may disrupt the food web, dominate and/or
damage habitat shelter and nesting sites, and
ultimately drive out native species with whont
they compete for food, water, shelter, and
space.
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WATER  QUALITY

LEARNING OBJECTIVES

Students should be able to:
1. Relate the values of water.

2. ldentify themajorriversin the United
States'Gulf Coastregion.

3. Explain the water cycle and relate its
importance.

4. Listthemajortypesofwater pollutantsand
describetheir effectson aquaticecosystems,

5. Explainhow pollutants enteraquaticand
marine ecosystems.

6. Namewaysthatindividuals canprotect
water quality and reduce water
consumption.

INTRODUCTION
It cleanses;ools,and refresheshebody....

It beautifiesthe landscapevith thereflected
light of sun and moon,...

Its movementcanbe forcefulto generate
electricity or peaceful to lure the human soul
to solitude and meditation....

MfATER the singlemostimportant
substance found in nature is essential for life.
It transports vital substancesinto, out, and
throughoutall organisms.It is theplacewhere
many organisms live. For theseand other
reasons, an environment  with clean water acts
like a magnetattractinga widevariety of life.

TheGulf Coastregionwith its manyaquatic
habitats ponds, lakesbogs,rivers,streams,
swamps saltandfreshwatermarshesbays,
andthe Gulf of Mexico is amongthe most
biologically diverse areasof the United States.
Butthewater provided by theseaquatic
habitats is not limitless. It is finite, The water

seenand used today is the samewater that has
beenpresentsinceearth'sbeginningbillions of
yearsago. Nature continually cleansesnd
replenisheghis water through a processalled
thewater cycle. However,if waterbecomes
polluted or is usedfasterthanthe watercycle
canrenew and replenish it, the amount of
usable water diminishes.

Themodernindustrial age filled with
thingsthat makelife easierjs alsoresponsible
for water pollution. Factoriesywhich makethe
productswe use,releasdoreignandsometimes
toxic substances in wastewater, Chemicals that
increasecropyieldsor protectplantsfrom
insectsand diseasearewashedby rain into
lakes and rivers. Used motor oil and antifreeze,
which arenecessaryo moderntransportation,
are dumped into residential storm drains.
These contanunated waters are lessusable,
difficult toclean,and oftenpersistin the
environment.

Theabundanceof freshwater throughout
the Gulf Coastregionhasallowedresidentsto
useit unsparingly, At a whim, it hasbeen
drawn from faucetsfor drinking, bathing,
washing,andwatering lawns. Exceptduring
floods andbrief periodsof summerdrought,
most people have taken fresh, cleanwater for
granted. Butthosecarefreadaysarechanging.

As theincreasinghumanpopulationandits
technologicabdvancesreatea greatedemand
for the waterresourcehumansmustfind ways
thatwill neitherchangenor reducethewater
for future generations that is,waysto use
this resourcesustalnably. Classroomnteachers
arein a positionto instill theknowledgeand
encouragehe attitudesnecessaryo bring
aboutthis changefrom indulgentto responsible
behavior.

This module onwater quality will help
studentsto identify the valuesof water andthe
causesnd effectsof water pollution, Students
shouldthenbe ableto deducewaysthat they,
asindividuals and ascommunitiescanhelp
bring abouta changdoward sustainablaiseas
we enterthe twenty-first century. TheBack-
groundinformatiorandActivity suggestions



that follow will be helpful in discussing water
guality prior to viewing the video and in guid-
ing students toward logical and meaningful
conclusions throughout the viewing and
postviewing activities,

BACKGROUND INFORMATION

Sources and Uses of Water

Many parts of the world suffer from a
severeshortageof freshwater, Although three-
i;ourths of the earth is covered with water, less
than one percentis fresh water that is available
for use by humans and other organisms.
Ninety-seven percent is saltwater and another
two percentis frozen in glaciers or trapped too
deepin the ground to be economically re-
trieved. One advantage to living in the Gulf
Coastregion is the abundant supply of fresh
water.

The averagerainfall varies between 40 and
60inchesper year in the Gulf Coast states. Rain
touching the ground either drains into surface
waters lakes, ponds, rivers, etc.! or soaksinto
the soil to become groundwater, A watershed
also called a drainage basin! is all the land that
delivers runoff water to a particular body of
water. A watershed may be assmall an areaas
a ridge dividing one creek from another or as
large an areaasthe Mississippi River watershed
which drains two-fifths of the contiguous
United States. Rain that drains from a water-
shed helps replenish surface and groundwater
sources for both urban and rural areas.

In urban areas, the water for most human
usesis withdrawn from a nearbyake,river, or
aquifer, The water is pumped to a treatment
station where bacteria and other harmful
substances are removed. It is then made
available to homes, businesses, and factories
through water lines that run underground
throughout the community. In rural areas,
people dig wells that tap into aquifers. Because
groundwater filters through layers of gravel
and sand before collecting in an aquifer, this
water is usually free of pollutants and canbe
used directly from the well.

Humans require fresh water for

~ drinking

~ bodily processessuch asthe transport
of food, waste, hormones, oxygen, and

blood cells

~ growing plants for food, clothing, and
building materials

~ cooking
~ bathing and waste removal
~ manufacturing

~ producing electricity for usein homes
and industry

~ transporting people and products

~ recreation swimming, canoeing,
skiing, sailing, and fishing

The Mississippi River watershed drains two-fifths of the contiguous

United States.



Humans are not alone in their need for
cleanfreshwater. All living organismsneed
water for survival. Theearthis equippedwith
a naturaland continuousprocesghat provides
this resource for life.

The Water Cycle

Waterchangedrom a liquid to a gasand
backto a liquid or solid asit circulatesthrough
a serieof processeshat purify andmoveit
betweenthe atmosphereandthesurfaceof the
earth. Rain, sleet, hail, and snow are forms of
precipitation that move water to earth. The
precipitationfalls eitheran land or directly into
surface water. On land, it moves across the
surface asrunoff or it infiltrates the soil and
porous rock to becomegroundwater.

During evaporation,liquid water,heatedby
thesunor someothersourcechangedo water
vapor agas!andrises separatingrom impur-
itieswhich areleft behind. Asthevaporcon-
tinues to rise, it cools and condenses to form
droplets. Thesedropletsaccumulatdo form
clouds, Eventually, the droplets fall to earth as
precipitation and the cycle repeats.

Parts of the water cycle

Why,then,do we not alwayshaveenough
water? Whatcanaffectthis naturalrecycling
process?

Water Pollution

As water falls through theatmosphere,
traversegsheland, and movesthroughsoil and
rock, it comes in contact with a number of sub-
stanceghat canreduceits quality. Someof

these substances are attracted to and dissolved

in water molecules. Substancedike oil, dirt,

and bacteria, which do not dissolve, are carried
or suspended in the solution. But, whether
dissolvedor suspendedif theseaddedsub-
stanceshangethe usability of the water,they
arecalledpollutants. Theirpresencelecreases
water quality and can make water unfit for use
by wildlife and humans,

Factorghatreducewater quality are
divided into severalcategories.

i Organigollutants Thesepollutantsare
living organisms such asbacteria, or the
wasteand remainsof organisms feces,
blood, hair, feathers, leaves,etc. Bacteria,
viruses, and other pathogens thrive in animal
wastes. If these wastes wash into rivers and
streams, the pathogens, when consumed in
drinking water, can causeillness and even
death in humans and wildlife.  Diseases such
astyphoid, dysenteryandhepatitisare
examples of serious waterborne diseases.
The decay of theseuntreated wastes also
reducesthelevel of dissolvedoxygenin the
waterwhich canleadto hypoxiaandthe
deathof fish and otheraquaticlife.

+ Chemicalpollutants = Thesesubstancesare of
two types plant nutrients and toxic chem-
icals. Plant nutrients such as nitrates and
phosphates come from fertilizers and some
detergents.During heavyrains,excess
nutrients  drain from fertilized lawns and
agricultural areasand, oncein surface
waters,stimulatetherapid growth of algae
and aquaticplants, As theexcessiveregeta-
tion diesand decaysdissolvedoxygenis
depleted reducingthe quality of thewater
habitat.

Toxicor poisonouschemicalpollutantscome
fromindustrialandautomotivelischarges,
leakindandfillsexcessiveesticides dis-
solvedin residentialand agricultural runoff,
andthe natural leachingof metalssuchas
mercury, cadmium, selenium, and lead from
the soil, When mixed with runoff water,
these toxic chemicals make water unfit to
drink and harmful to living things,

~ Thernrgbollution Industrial processesuch
asthemanufacturefsteelndtheproduc-
tion of electricitycreatesteamandhot water
which is then released into surface waters.
Thisheatedwater may kill organisms



directly or reducethe amountof dissolved
oxygenin thewaterbody. Thiscandegrade
the water for wildlife living in and around
the water.

~ Physicatharacteristics Waterquality is also
affectedoy turbidity. Soilerodingfrom
agricultural,logging,and constructionsites
adds suspended sediment to surface waters,
Thesesuspended sediments make water
cloudy and preventlight penetration. With
lesslight, feweralgaeandaquaticplantsare
ableto photosynthesizeand grow, therefore
thedissolvedoxygenlevelandthefood
supply for manyaquaticorganismsdeclines.
Excessiveuspendededimentscanalsoclog
the gills of aguaticanimalsand canruin
spawning sites.

If the previouslymentionedsourceof
water contamination come from a specific
location such asthe outflow pipe of a factory or
power plant, they arecalledpointsource pollu-
tion. This type of pollution is moderately easy
to monitor and correct. Most pollutants, how-
ever, arepicked up by water asit flows over
the land. Since the sites where these contami-
nants insecticides, fertilizers, antifreeze, motor
oil, animal wastes, etc.! enter the water are
difficult to pinpoint, they areclassifiedasnon-
point source pollution. Nonpoint source
pollution is very difficult to control.

Although runoff has the potential to carry
harmful substances,it is necessaryto replenish
surface waters that would otherwise dry up.
With aconcentrated effort from individuals and
industry,contaminatiorof runoff watercanbe
reduced and water quality improved.

Water Consumption

Another water problem facing residents of
the Gulf Coastregion is overconsumption. In
the United States,the averageperson uses
about188gallonsof water per day for drinking,
cooking,and sanitation. If industrial usesof
water are considered, that amount increases to
over100Qgallonsper day. Sincethe amountof
available fresh water is limited, increases in the
humanpopulation meandesswater for each
person. Increasegopulationalsomeansa
greaterdemandfor industrial and agricultural
v aterusageand,asthis useincreasessupplies
of cleanwater decreaseWhengroundwateris
withdrawn at ratesthat exceedts replenishing

asduring droughtor through excessive

irrigation! the water table drops seeillus-
tration on page 3!, the groundwater source
becomesdepleted, and the aquifer may be
destroyed aspore spacescollapse and the land
sub sides.

Using Our Waters Sustainably

In 1972the U.S.government enacted the
Clean Water Act. In 1986 that law was revised
and an additional law, the SafeDrinking Water
Act, was enacted. Theselaws provide stan-
dards for pollution control and money to build
water treatment plants. The U.S. Environ-
mental Protection Agency EPA! monitors
public waters to make sure that cities comply
with both laws, Since the mid-1970s, water
guality hasgradually improved and many
once-polluted streamsand rivers are now safe
for swimming and fishing. But there is still
work to be done.

We, asa country and asindividuals, must
strive to practice a philosophy of sustainable
use, that is, using water in ways that will main-
tain its quality and supply for future genera-
tions. To accomplish this, we must look beyond
our immediate personal or corporate incon-
veniences to future environmental benefits.

The following are actions that, if followed,
will help ensure an adequate supply of high
quality water for the future.

~ Loggers can harvest treesin ways that do not
exposethe land to soil erosion stop clear
cutting forests!.

~ Engineers can design highways and roads to
avoid affecting the flow of streamsand
rivers.

+ People who raise animals can take measures
to prevent animal wastes from washing into
streams and rivers.

~ Industry cancontinue to improve ways to
prevent the releaseof toxic chemicals during
manufacturing processesand waste disposal.

~ Powerplantscancoolwaterin evaporation
towers before releasingit into streamsor
lakes.

~ Farmerscanusepurified sewagewater to
irrigate their cropsratherthan usingwater
from wells that depleteaquifers.



Individuals canalsohelp.

~ Dispose of household chemicals such as
paintand motor oil by takingthemto a
recyclingstabonratherthanpouring them
directly on the ground or into a stormdrain.

~ Store household chemicals and chemical
wastesin leak-proofcontainers.

~ Conserve water that comes from the faucet
by taking shortshowersinsteadof bathsand
turningoffthewaterwhilebrushingeeth
andwashingdishes.

~ Installwater savingdeviceson showerheads
andtoilets,andrepairleakyfaucets.

~ Washcarsandboatsover grassinsteadof
concrete the runoff will water the lawn
insteadof washinginto stormdrains.

~ Landscapaevith native plantsthat,once
established¢anlive onthewater provided
by rain,

~ Buy environment-friendlyproductssuchas
recycledndbleach-frepapermproducts.

~ Usepesticidesonly whennecessaryChoose
environment-friendlypesticidessuchas
insecticidalsoapspr betteryet, usenatural
deterrentsuchasladybuggo helpcontrol
insectpestsor marigoldsto ward off nema-
todes roundworrns!,

~ Usenaturalorganicfertilizers suchascotton-
seed meal, blood meal, and bone meal to
supplynitrogenphosphategndpotasHor
plants.

~ Plantground coveron slopesand undertrees
to help preventerosion.

~ Compostgrassclippings, leavesand other
yard trimmings. Usethe compostasa water
absorbingmulchin flower bedsandaround
trees.

~ Participaten anadopt-a-streaprogram
that monitors the health of local streams.
AdvisetheregionaEP Aofficeif pollutionor
othersignsof decliningwater quality are

noticed.

Agriculture, industry,andindividual citi-
zensall contributéo waterproblemsAll must

unite to correctand preventpollution and
overconsumption, so that our waters will
continueto be a sourceof health,beauty,and

enjoyment.

TEACHING SEQUENCE

INNNSEtinadses

of Water

1. Introducethetopic,
Sourcesaand Usesof Water py doingthe
following: [20minutes]

~ Have studentsguessthe amountof
waterthattheyuseindividuallyperday.
Recordstudentguesse®n the board.
The 1993nformatiorPleas&nviron-
mentaAlmanameportshattheaverage
Americanuses188gallonsof water per
day.

~ Have studentscitereasonswvhy water is
a valuableesourca,e.howtheyuse
water. Write their response®n the
board. Referto the list in the Back-
ground Information on page2.!

~ BegirExtensiof3 pagell!bygiving
eaclstudenta copyofpage6and27.
Overthe comingweekend Saturdayand
Sunday!, eachstudent will measure his
orherfamily'sapproximatevater
consumptionby recordingthe family's
water use activites and the accom-
panying estimatesn gallonson the Log
of Water Use chart. The results will be
discussetih classasa postviewing
activity, [OPTION:Youmaywant to
delayintroducing this activity until the
Friday before it is to be done.]

2. Modelthelimited supply of freshwateron
earthby doing thefollowing: [5minutes]

~ Displaya onegallon containerof water
representing all the water on earth. Ask
studentso identifythemeasuringool
cup, ladle, pitcher, tablespoontea-
spoon.eyedropper etc.!that they think
wouldmostcloselyepreserthe
amount of water from the container that
is drinkable.












PREVIEWING QUESTIONS AND
ANSWERS

1.

List atleastthreereasonsvhy wateris
important to you.

Typicalanswersnclude;

l

health drinking, bathing,coolingoff

cooking mixing with otheringredientsor

boiling, canning,etc.

cleaning washing clothesdishesgars,etc,

recreation swinnning, fishing, sailing, et'c,

~ wateringtheyard to n utt uregrass,
flowersandvegetables

~ agriculturalises irrigationfor growing

crops
~ industrial uses as coolant, solvent,
ingredient reactant!

l

l

l

Name and give an example of four types of
water ecosystemsfound in your state.

~ Ecosystensgedmayinclude:riverscreeks,
lakesponds,bayouspays,marshesswamps,
estuaries, saltwater ntarine!

~ Specifiexamplesill varydependingnthe
state, Forexamplein Louisianatite answer
mightinclude.

River Mississippi
Lake Pontchartrain

Swamp Atchafalaya
Creek Thompson

Why do you think so many people like
living in the Gulf Coastregion?

~ Themanyrivers Jakesandbayouprovide
opportunitiedor a varietyofjobs,industry,
food sourcesrecreationand e»joyingthe
beautyof nature.

~ The climate is ntild.

POSTVIEWING QUESTIONS AND
ANSWERS

1.

What is pollution? Name some water
pollutants and physical contaminants,

Pollutionis anything that harmstheenviron-
ment,makingit unfitfor use. Exatnplesof
waterpollutantsare:

l

harmful bacteria

chemical®undin runoff nutrients
fertilizers!pesticidespetalspil, antifreeze,
andotherpetroleumproducts

chenricalseleasedn wastewatefrom
industrial plants

lit ter

suspendegarticlesof dirt

l

l

1

l

For eachpollutant listed in question
numberone,suggesttleastoneindividual
or communityactionthat could reducethe
problem.



Answerill vary. Refetothelistsin Using
Our WatersSustainablgnpaged-5.
Suggestionsnclude:

~ HarmfulbacteriaPeople whoraisenimals
cantakemeasurds prevenanimalwastes
fromwashingnto streamandrivers.

~ Chemicals runoff Use environmentally
safgesticidesuchasinsecticidaloapand
horticulture oils,

Useorganiorotherslowreleasefertilizers
andapplythemat theratesandin thequan-
titiesdescribeanthepackage.

Disposefhouseholkthemicalsuchaspaint
andmotoroil bytakingthemtoarecycling

stationratherthanpouringthendirectlyon

thegroundor into a stormdrain.

~ Chemicals in industrial wastewater
Industrycancontinugoimprovevaysto
preventhereleaseftoxicchemicalsro-
ducedluringmanufacturingrocesses.

~ Litter Participatein abeachleanup.

Alwaysput trashin awastebaskatproper
receptacle.

~ Suspendgrhrticle®fdirt Landscapgour
yard to reducesoil erosion,

. Why is nonpoint sourcepollution consid-
eredmoredifficult to controlthanpoint
source pollution?

Nonpoinsourc@ollutantentera watesupply
usuallyin runofffrom manydifferenand
difficulttoidentifyplaces.

. Youarea membeiof a countryclubthat has
recentlypurchased largeparcelof land
adjacent to a saltwater marsh. The club is
planningto add another18-holegolf course.
Youknow thatrunoff containingpesticides
and fertilizersfrom the golf coursewill
contaminatethe wetlandsarea. Will you

a. stayin the club anddo nothing?

b. stayin theclub and speakout strongly
against the project?

c, resign from the club?

d. take some other action?

Defend your answer.

Answerwill vary. Addressheprosandconof
eachiesponsgturinga clasdiscussion.

EXTENSIONS

1. Geography: Developanawarenes®f Gulf

Coastgeographyby giving eachstudenta
copy of the mapshownon page24and
having themlabelthe following places:

CorpusChristiBay  Tombigbee River

Colorado River Alabama River
Brazos River Coosa River
Trinity River Tennessee  River
Sabine  River Mississippi Sound
Toledo Bend Lake Mobile Bay

Red River PensacolaBay
Atchafalaya River Apalachicola River
Vermilion Bay Suwannee  River
Terrebonne Bay TampaBay
Barataria Bay Lake Okeechobee
Mississippi River Rio Grande River
TheEverglades Yucatan Peninsula
Pearl River Gulf of Mexico
Mexico Cuba

Galveston Bay Lake Pontchartrain

~ Provide a roadmap of the Gulf Coast
states for students to use as areference
tool one roadmappergroup of threeto
four students should suffice.

~ You may want to add placesmore rele-
vant to your region or simplify the list for
youngerstudents. If youaddordelete
names®gnthelist, chang¢helinesonthemap
accordinglpeforenakingopiefor the
students.!

. Whereis your watershed?Everywater-

shedis part of a largerwatershed. Discuss
the meaningof watershed drainagebasin!,
thenhaveyour studentsdo someor all of
the following:

~ Walk aroundtheir neighborhoodaftera
rain to determine where the water drains.

~ Usea localtopographicalmap to identify
their neighborhood'svatershed

~ Mark the generallocationof their town
onthe Gulf CoastMap page24!,then
use the Watersheds of the Gulf Coast
RegionMap page25!to identify the
majorwatershedto which theybelong.

~ Usea stateor regionalmap,to determine
how water from their watershed reaches
the Gulf of Mexico.



+ Explain to a friend or someonein their
family how water from their neighbor-
hood can affect the Gulf of Mexico.

How much water do you use? Develop
studentawarenessegardingpersonalwater
consumptionby having themcalculatetheir
family's waterusageover oneweekend
Saturday and Sunday!. Thisis theactivity
mentionedby the narrator at theendof thevideo
tape.

~ Give eachstudent a copy of pages26and
27 for monitoring their family's weekend
water usage.

~ After completing the video tape, have
studentsdiscussheir findings and brain-
storrn ways that consumption could be
reduced. Referto suggestionsin the
Background Information under Using
Our Waters Sustainably, page 4.!

Guest speakers:

~ Ask someonefrom the water company to
visit your classto talk about the local
water supply the source,how it is
purified, how it is distributed, the
average daily usecitywide, etc. Ask the
speaker to show students how to measure
water usageon a residential water meter.
As a follow up activity, have the students
read their home water meter to determine
their family's water usageover a three
day period.

~ Invite a hazardouswaste expert from a
local environmental quality office to
speak to your classabout everyday
chemicals cleaningagentspaint, used
motor oil, batteries, etc.! that pose a
threat to water supplies. Ask the speaker
to relateways individuals can properly
dispose of these chemica.ls.

Math: Call the local water company to
inquire about the number of gallons of
~ater used in residential areascitywide per
day. Ask students to divide by the total
population to get the average amount used
by eachperson per day. Have students
measuretheir family's daily use of water
seeExtension 44! to determine if they use
moreor lessthan the average.

Field Trip: Visit a local water treatment
plant. Have students prepare questions to
ask concerning the treatment, distribution,
and future availability of water.

Class or club projects:

~ After obtaining permission from the
proper city authorities, stencil warn-
ings such as"Protect Our Water. No
Dumping" on neighborhood storm drains
to alert people that chemicalsand trash
carriedby stormrunoff canpollute
streamsand ponds. Make sure that the
stencil design is neat and easyto read
network with the art teacher for this
project.!

~ Makehomemadewnater sampling/testing
devices such as Secchi disks, invertebrate
samplers, dip nets, sieves,etc. The
TennesseéeValley Authority manual,
Homemadé&amplingEquipment Water
Quality Series,Booklet 2 isa good
resource for showing how to make these
devices.

~ Participate in a clean-up campaign at a
Gulf beachor localwaterbody in your
area. Recyclesome of the materials you
collectby making aneducationaldisplay,
awork of art, or a useful item,

~ Plantgrasscoverplantsor treesin areas
of the schoolyard that are subjectto
erosion.

Research: Have students collect informa-
tion about ecological problems pollutants,
developmentdredging,industrial dis-
charges,etc.! affecting the waterbodies
listed in your state from Extension 81.
Have them report their findings to the class
in an oral or written report. Have the class
respond by suggesting possible solutions to
the problems.



ACTIVITY I

FIRST YOU SEE IT ... NOMf YOU DON'

Teacher Instructions!

Introduction

When chemicals such as insecticides,
fertilizers,gasolineand motor oil arepoured

onthe ground or down a stormdrain, they seep

into the ground or arecarriedby runoff to a
streamyiver, or lake. As theymovethrough
the environment, the chemicals mix with water
and their concentration becomes so dilute that
the substancescan no longer be seen, Unfortu-
nately, the invisible chemicals canstill poison.
For example, one gallon of used motor oil
dumpedinto a stormdrain may beinvisible by
the time it is discharged into a localriver or
lake, but that one gallon is enough to contami-
nate one million gallons of fresh water.

Becausecontamination is not always visible,
people routinely testwater for the presenceof
pollutants, and, when found, determine whe-
ther the concentration of the pollutant would be
harmful to man or animal. That gallon of oil
dumped into a storm drain will be diluted at
least athousand times before it is identified at a
local water treatment station. Because of the
magnitude of dilution, water technologists use
mathematical ratios to measure the concentra-
tion of pollutants in parts per million ppm! or
parts per billion ppb!, Thesemeasurements
canbedifficult for studentsto comprehend.
This activity on serial dilutions will help
students to understand how pollutants are
measured and that pollutants may be present
even though they cannot be seen.

Obj ectives
~ Torelate how pollutants are measured.
~ To strengthen math skills in place value,
ratios, and scientific notation optionall.
Description
Studentswill work in smallgroupsto
performa serialdilution usingfood coloring

andtapwater. Theywill describesachdilution
visually by colorand mathematicallyasa ratio

of food coloring dye! to total solution. They
will makeinferencesand answerquestions
based on their observations.

Materials per group!

2 medicine droppers or pipets
11clearcups or small beakers
White lineless paper

Food coloring blue, red, or green!
Greasegencilor marking pen

Procedure

A. Make enough copies of the Student
Instructions and Data Sheets pages 14-16!
for each student to have a set,

B. Separateherequiredmaterialsfor each
group beforeclasshegins.

C. Whendirectedby thevideo narrator,stop
the tape and distribute the Student
Instructions and Data Sheets.

D. Have the students read the introduction,
thendiscussthe conceptof measuringn
partsper million andbillion. Percentage
thesameoncepexpressed partsperhundred
ratherthan partsper thousand million, or
billion.!

E. Reviewthe meaningof placevalue,ratios,
and for more advanced students
scientific  notation. Network with math
teachemsotheycanexplainthemathconcepts
beforg/ou usethemin science.!

F, Demonstratéhe procedurefor preparinga
serial dilution as outlined in the Student
Instructions.



G. Assign students to groups and have one J. Encourage students to do one of the

H.

1.

member of eachgroup get the materials extension activities suggested at the end of
required for the activity. their activity sheet pagel5'and report

their findings to the class.
Tell students to follow the procedure

outlined in the Student Instructions and to [This activity was adapted from Activity 13 in U4an Stormyfrater

nswer th ion nthe D h ) Runoff: Hofdffo srem the Toxic Tide, written by Sue Ellen Lyons
answer the questions on the Data Sheet andMaryM.Banburgh.DC' Pro}ed€EEDUniversityf New

) Orleans College of Education. f 993.]
Discuss the results and the answers to the

guestions. Theanswerkey follows.!

ANSWER KEY FOR ACTIVITY |
Completethis chartbasedortthe serialdilution activity.

. Whywasit necessaryo rinsethe dropper,tap out excessvater,andrefill cup 8 aftereach

serial  dilution?
Toavoidaddingdyefrom thepreviousdilution

Whatwasthe purposeof thewhite paper? Hint: It wasnot usedasa spill mat.!
Thewhitepapeprovidea backgrountatallowedhecolorto beseemtoresasily.

In which cupisthe fooddye at a concentratiomf | part per million? ~ Can you see
anyofthedye? No Inwhichcupisthefooddyeata concentratiail pariper
billion? 19 Canyou seeanyof thedyein thatcup? No

At which dilution did the solutionfirst appearcolorlessoyou? 16

Doyou think "pollutants” food dye! arepresentin the "colorless'$olutions,eventhough you
cannot seethem? Explain.
Yes.Somenoleculaxfthedyetvergpassediongn eachiropthatwastransferreftiom c«ptocup.

Predictwhat would happenif thewaterin cups1-9wasallowedto evaporate?
A film ofpowdethecolorofthedyewouldbeleftbehind. Thecolomjthefilm woulddimasthenumber
ofthecupincreased.!



ACTIVITY |

FIRST YOU SEE IT
Student Instructions!

... NOW YOU DON'

Introduction

Pollutants enter our waterways from
many different sources. Often the amount
of pollution in the water is so small it
cannot be seen, smelled, or tasted. Never-
theless,the pollution affectsthe water
guality and can make the water unsafe for
wildlife  and humans.

Scientists  determine whether  the water
is safeby measuring the type and amount
of pollutants presentin a sampleof water.
They report their findings in measurements
calledpartspermillion ppm! or partsper
billion ppb!. Thesemeasurementsare
ratios comparisons! of the number of
pollutant parts to the total number of
solutionpartsin the sample. Although
the numbers  millions and billions  are
quite large, the conceptis easyto under-
standin the following everydayterms:

~ Onepart permillion ppm!
is about the same as:

Onedrop of food dyein
16gallons of water

One large mouthful in a
lifetime of eating

One dollar bill in a stack
of dollar bhills 250 feet
high

T

~ Onehbillion is sucha hugenumberthat
if you startedcountingto 1 billionright
now, it would takeyou over60yearsto
finish counting!

~ Abillion dollar stack of $10 dollar bills
would be 2500feet high. WOW! That's
almosthalf a milehigh.

So,you see,a few parts in a million or
billion is a verysmallamount. Youmay
not be able to detect that small amount of
pollutant by smell, taste,or the unaided
eye,but it may beenoughto makean
aqguatic habitat unfit for some organisms,

This activity will help you to under-
standhow pollutantscanbepresenteven
when you cannot seethem.

Procedure

1. Place9 clearcupsor beakerdn a
straight line on top of white lineless
paper and use a greasepencil or
marking pen to label them 1-9as shown
in the diagram below.

2. Labelthe remainingtwo cupsA andB.



Fill cups A and B with clean tap water
Assignonedropper pipet! for cupA
and the other dropper for cup B. Cup A
will be the source of water for each serial
dilution. The water in cup B will be
used to rinse dropper B betweendilu-
tions. Be careful to keep the droppers
separatedduring the activity.!

Squeezd 0dropsof food coloring from
the original containerinto cupt1l food

coloring is a 1:10dilution 1 partdyein
10partsoftotalsolution!.

Squeezel drop of food coloring from
the original containerinto cup*2.

UsingdropperA, add 9 dropsof water
from cup A to the onedrop of food
coloring in cup 2. Gently swirl the cup
to mix the solution. Do not use the
droppertomixthesolution.! Whatpart
of the solution isdye? /10 x 1/10="!
Record the concentration in cup 12 on
your Data Sheetasa ratio of parts dye:
parts solution.

Use dropper B to transfer 1 drop of
solution from cup *2 to cup 3. Rinse
the dropper in cup B,tap out any excess
water in the dropper, then replacethe
water in cup B with freshtap water.

UsingdropperA, add 9 dropsof water
from cup A to the solutionin cup 3.
Gently swirl the cup to mix. Put
dropper A backintocup A. What
part of this solution is food dye?

/100 x1/10 =?! Record the concen-
tration in cup '3 onyour DataSheefas
a ratioof partsdye: partssolution,

Usedropper B totransferl dropof
solution from cup 13 to cup *4. Rinse
the dropper in cup B, tap out any excess
waterin thedropper,thenreplacethe
water in cup B with fresh tap water.

10.UsingdropperA, add 9 dropsof water
from cup A to the solutionin cup 4.
Gently swirl the cup to mix. Putdrop-
per A backintocupA. What part of
this solution is dye? /1000 x 1/10 =?!
Recordthe concentration in cup 4 on
your DataSheefasa ratioof parts
dye: partssolution.

11.Continue the serial dilution processin
this manner until all dilutions are com-
pleted Rememberto keep droppers A
and B separate@ndto rinsedropperB
and replacethe water in cup B after each
dilution.!

12.Recordyour observations and answer
all the questions on your Data Sheet.

Extensions:

Researchone polluting substancefrom
the list below. Investigate such things as
its effect on humans and wildlife, how
long it persistsin the environment,how
it is used, and how it getsinto the
environment.

arsenic DDT
nitrates cadmium
lead selenium
chromium mercury

~ Call the regional Department of Envir-
onmental Quality DEQ! to inquire
aboutpesticideusein your community.
Which pesticides insecticides, herbi-
cides,fungicides!havebeenfound in
local waters? In what concentrations
have they beenfound'?



Name

Period

FIRST YOV SEE IT ... NOW YOU DON' TI!

Student Data Sheet!

1. Complete this chart based on the serial dilution activity.

2. Why was it necessaryto rinse the dropper, tap out any excesswater, and refill cup B after
each serial dilution?

3. Whatwasthe purposeof the white paper? Hint: It wasnot usedasa spillmat.!

4. In which cup is the food dye in a solultion of 1 part per million? Canyou see
any of the dye? In which cupis thefood dye in a solutionof 1 partper
billion? Can you seeany of the dye in that cup?

5. At which dilution did the solutionfirst appearcolorlessto you?

6. Doyou think "pollutants” food dye! arepresentin the "colorless'solutions,eventhough
you cannotseethem? Explain.

7. Predictwhat would happenif thewater in cups1-9wasallowed to evaporate?






Materials  for Secchi Disks

5 white, nine-inch plastic dinner plates

5 yardsticks with centimeter measurements
or 5, 30-36 inch wooden dowels

1 small can of black spray paint

5 thumbtacksor 10sturdy pushpins

Masking tape

Hot glue gun

Materials for Mock Field Study

5 Secchidisks one per site!

5, 5-gallon buckets dark plastic! or
classroomtrash cansof comparable size

1 bagof sterilecowmanure soil!

5 longspoonsor dowelsfor stirring

Instruction  and Data Sheets for each student

pages20-22!

Procedure

A. Make the Secchi disks ahead of time.

1. Usemaskingtapeto mark-offand cover
two quadrants on the back of eachdinner
plate asshown below.

2. Spraytheunprotectedquadrantswith
black paint and allow the plates to dry
over night.

3. If using dowels instead of yardsticks, use
a meter stick or metric ruler to calibrate
the dowels in centimeters. Mark scale
numbers every 2 centimeters.

4. Thenextday or afterthe paintis dry!,

removethe maskingtapefrom the plates.

5. Usingthe hot glue gun, fastenthe zero-
end of theyardsticksor dowelsto the
centerof the paintedsideof theplates

at the intersection of the quadrants!.

6. After the gluedries, presstwo pushpins
or a thumb tack through the bottom of
eachplateinto the end of theyardstickor
dowel to further securehe plate.

7. TheSecchdisksarenow readyto use.

B. Beforeclassthe day of the activity:

1, Label the five buckets A E.

2, Fill eachbucket with 4 gallons of water
and add sterle manure in the amounts
shown in the table below. Do not packthe
manureinto thecup.!

3. Using a Secchidisk, measurethe tur-
bidity in eachbucket, Stir the mixture
before measuring.! Therelationship
betweerturbidity andvisibility isinverse,
thereforethegreatertheturbidity, thelessthe
visibility. BucketB shouldhavethelowest
turbidityreadingincet containghemost
sediment. BucketC shouldhavethehighest
turbidity readingsinceit containstheleast
sediment, If necessary make adjustments
in the amounts of manure added to each
bucket to obtain desired results.

4. Label Bucket A Muskrat Bayand Bucket C
Lily PadPond. Students will name the
source of site B [the lake], site D [the
river], and site E [the creek] before
beginning the activity.!

C. Begintheactivity by giving background

information on the causes and effects of

turbidity.

13. Explainand demonstratethe useof the

Secchi disk.

~ Use two buckets of water for the
demonstration one without any
sediment and one containing one cup of
manure.

~ Stir the mixture in the bucket before
taking a rneasurernent.



~ Read the measurement to the nearest half
centimeter, It is helpful to have a stu-
dent read the measurement while the
teacherraisesand lowers the Secchidisk.!

TheSecchiiskwill bevisibleto thebottonof
thebucketcontaning no sedimenandwill be

visiblefor aboutsevercenfimeterm the
bucketontainingnecupofnranure.

~ Optional: Provide students an opportu-
nity to practice taking turbidity readings

at one of the stations.

Divide the class into teams of 3or 4
students each.

Give each student aset of Student Instruc-
tions and aData Sheet. Ask the students to
read the Introduction in the Student
Instructions page 20!.

. Using the map on the Student Data sheet,
explain how measuring turbidity at sites
upstream and downstream can help
pinpoint an areawhere erosion or other
source®f contaminationareenteringthe
water.

If fheturbidityreadingipstreans higher
morevisibility! thantheturbidify reading
downsfreamlessvisibility!, thensediments
areenterig thewaterbetweerthe two sites.
For this activity, thesitewith fhelowest
turbidity readingwill representhearea
contributing the newsourceof contamination.!

Ask the students to read the scenario and
procedure in the Student Instructions.

Answerany questionsconcerninghe
procedureandexplainthe requirementdor
theteamreport. SeeDescriptionatthe
beginning of the Teacherlnstructions.!

Allow time for the studentsto completethe
activity andwrite their teamreport.

K. Discusgsheresultsandcollectthereports,
L. Return to the video.
Extension

Invite a water technologist field biologist!
from the Department of Environmental
Quality to talk to your classabout I! water
quality in the local lakes, streamsand rivers
and ! ways that individuals and commu-
nites can become better stewards of the
water resource.

[Thisactivitywas adaptedroma classroonexercisewrittenby
Parti McGehee, Harnrnond Junior High, Hammond, Louisiana.!



ACTIVITY Il
TURBIDITY: A Mock Field Study

Student instructions!

Introduction

Turbidity is a term usedto describe the
cloudiness in water causedby suspended
substancessuch assoil sediments, algae,
and bacteria. Water with low turbidity
appeardairly clearbecauset containsfew
suspended particles. Becauseit is clear,you
can seeobjectsin the ~ater. On the other
hand,water with high turbidity appears
cloudy becauseit is transporting suspended
matter. Once an objectis a few centimeters
under the surface of water with high
turbidity, you can no longer seeit,

Scientistand watertechnologistsnea-
sure the amount of turbidity in water to
help determinewater quality. Whena
waterbody becomesextremely turbid,
photosynthesis decreasesthe waterway
may becomeclogged with silt, and the
spawning sitesof someanimals may be
destroyed.High turbidity may indicatea
new pollution source or a new areaof soil
erosion. Examples of human activities that
can lead to the erosion of soil and therefore
an increasein water's turbidity areimpro-
per farming methods highway construc-
tion, and harvesting timber too closeto a
.tream  or river.

Most river systemshave many adjoining
waterways small creeks,ponds, lakes,
and sometimes a bay or the ocean.
Navigating all the adjoining
waterwaysto locatea
hidden or new source of
contamination can be
difficult. However, by
usinga Secchdlisk to
measureturbidity above
and below each one,
scientists can determine
where excess sediments are
entering a river system.

Action can then be taken to
correctthe problem. Secchi disk

Themap on your DataSheetescribesa
picturesque river system that could be
located in the Gulf Coastregion. Imagine
yourself in the following scenario and
complete the procedure outlined below to
discover where anew source of contami-
nation is entering the river system.

Scenario

Youbelongto a teamof biologists
employed aswater technologists by the
State Department of Environmental Quality

DEQ!. About three months ago, fishermen
beganreporting excesssediment in one of
the state's most beautiful rivers.  Two
months ago, citizens living along the river
near Muskrat Bay reported a color change
in the water. The normal color, a trans-
parent tea-brown, changedto a muddy
yellow-brown. Fishinghasdeclinedduring
the last three months and no fish have been
caught near the mouth of the river during
the last two weeks.

Your team hasbeen assignedthe task of
locating the new source of water contami-
nation. A map of the river system showing
its adjoining lake, pond, tributaries streams
and creeksthat feed into the river!, and bay
is shown on the Student Data Sheet.

Procedure

With your team, decide on names for
the river, lake, and creek. Label them on
themap,

2. Yourteachemhaspreparedbucketsof
water representing the different test
sitesidentified on the map,

3. Usethe Secchdisk provided at eachsite
to measure the water's turbidity.



~ Stir the mixture in the bucket with a
dowel or spoon NOT the Secchi
disk!! before taking the turbidity
reading.

~ Totake the turbidity reading, slowly
lower the Secchi disk into the water
until the disk visually disappears
all the quadrants appear the same
colorl!.

~ Measure the turbidity reading to the
nearesthalf .5! centimeter and
record the measurement in the
appropriate spaceon your Data
Sheet.

4. Createa bar graph to display your

results.

. Useyour graph and.map to determine
which areain the river systemis the
probable source of new contamination.

. Write a group report to submit to your
DEQ supervisor teacher! giving the
following information:

~ An introduction  background
information about the causes and
effects of turbidity.

~ The purpose of the field study.

+ The procedure you followed in
collecting the data write it in story
form telling your observations asyou
investigated eachtestsite be
creative!

~ The results of the turbidity tests
includethe labeledmap, turbidity
readings, and a graph of the data
your Data Sheet!.

+ A statemenif your conclusion
where the contaminant is entering
thewaterand what is the probable
cause!and suggestions for solving the
problem.

Youmay useyour tex@book_,qlassnotes,
and information on this activity sheetas
references. Be creative and have fun!

Extensions

Look at all the land uses described on
your map. What can people who arein
chargeof thesevariousactivitiesdo to
protectthe aquaticecosystenirom
pollution and erosion?

Use a stateor regional map to deter-
mine the names and locations of aquatic
ecosystemslocated downstream from
your community. What canyou per-
sonally do to reduce pollution in these
aguatic ecosystems?



STUDENT DATA SHEET

River D!

10

Sites
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EVALUATION QUESTIONS

MULTIPLE CHOICE: Select the BEST answer for each statement.
Rain, sleet, and snow are common forms of 2.
A. condensation
B. pollution
C. precipitation
D. participation

2. A placewheregroundwateris trapped.

A, aquarium
B. aquifer

C. cave

D. watershed

3. The processof liquid water becoming water vapor agas!.

condensation
evaporation
precipitation
eutrophication

oOwm>

All the land that delivers runoff to a particular water body is called a ?

reservoir
shoreline
watershed

all of the above

oSO w>

The measuring device shown in the illustration below isa ?

sieveplate
turbidity stick
Sushi bisque
Secchi disk

°Ow»

The device shown in question 15 is used to measure the ?in a water body.

number  of bacteria

types of invertebrates
amount of turbidity
number and types of fish

oom>



Two-fifthsof the runoff in the contiguousUnited Stateddrainsinto the Gulf of Mexico
through the ? watershed.

A. Gulf Stream

B. Mississippi River
C. TombigbeeRiver
D. Rio Grande River

Which of the following is NOT a pollutantin waterbodies lakes rivers, estuariesetc,!?

A. insecticides

B. fertilizers

C. heavy metals such as mercury, lead, and zinc
D. dissolved oxygen

Which of the following measurementsis usedin describing the concentration of pollutants
in water?

A. parts per million ppm!
B. grams per liter gf L!
C. centimeters of visibility cm!

D. gramsper gallon g/gal!
Which of the following may causethe amount of dissolved oxygen in water to decrease?

A.  wind

B. waves

C. photosynthesis in aquatic plants and algae
D. high concentrations of soil sedimentin water

SHORT ANSWER: Use the spaceprovided to answer the following statements.

Why is runoff after a rain both an advantage and a disadvantage to local water bodies?

Usethe following termsto identify the parts of
the water cycle indicated by numbers in the
diagram. Write the term on theblank that
corresponddo its numberin the diagram.
transpiration, precipitation, condensation,
evaporation,surfacewater, groundwater!

! Theavaterycle Adaptiednih&toy/ Drinking

Water, by permission. O 1992, American Water Works
Association.



3. Name two types of pollutants and describe at least one causefor each,

~AlE

Explairhowfertilizerscanharmlakesponds andriverswhentheyareusedimproperly
in agriculturaland residentialareas.

5. Listfour waysthatyou andyour family canreducewater consumptionat home.

DISCUSSION: Useyour bestwriting skills spelling, punctuation,grammar in
respondingto the following instructions,

News Flash! An explosionata chemicaplant locatedon the banksof the Mighty-Mighty
Riverhassentpoisonousgasesnto the air and water for a onehundred mile radius. Thelocal
water sourcehasbeencontaminatedandis unusable. Write a paragraptrelatingfour reasons
why cleanfreshwaterisimportanto humansanddescribingnow peoplesfiveswill change
sincewaterwill bescarce. Write your paragraphatthe top of the next page.!



DISCUSSION:

MAP LABELING: Name the Gulf Coastlocations identified by numbers on the map below.

Write the namesort the blanks provided below the map. You may usethe

CorpusChristiBay
Pearl River
Mexico
Galveston Bay
Colorado River
Brazos River
Tiinity River
Sabine River
Toledo Bend Lake
Red River
Atchafalaya River

list that follows

Tombigbee River
Gulf of Mexico
Cuba

Lake Pontchartrain
Alabama River
Coosa River
Tennessee River
Mississippi Sound
Mobile Bay
Pensacola Bay
Vermilion Bay

as a reference.

The Everglades
Mississippi River
Barataria Bay
Terrebonne Bay
Yucatan Peninsula
Rio Grande River
Lake Okeechobee
Tampa Bay
Suwannee River
Apalachicola River



EVALUATION

MULTIPLE  CHOICE:
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SHORT ANSWER:

The following examples of answers should
be modified by the teacherto fit appropriate
grade level expectations.

Advantage  Runoffreplacesvaterthathas
evaporatedr beenusedrom lakesstreamsand
otherwaterbodiesnsuring thecontinuationof
thewatercycle or, runoffkeepsvaterbodies
from drying up!.

Disadvantage = Whensubstanceshat reduce
waterquality suchasexcessiviertilizers,
pesticidesheavymetalsandsoil sedimentsare
dissolvedn surfacewater,theymoveaspart of
runoff to rivers,lakesand otheraquatic

habi tats.

Labels for the water cycle diagram:

I precipitation I transpiration
I surfacewater I groundwater
I condensation ! evaporation

Referto the Background Information on
pages3 -4for types of pollutants and their
causes. Possibleresponsesmight include:

~ Biologicabrorganigollutants fecal
coliformbacterifrom animalwastesand the
decayingremainsof living organismssuchas
hairandeatherfomanimalsandgrass
clippingsandleavefrom plants

~ Chemicapollutants runoff carrying
fertilizer andpesticidefrom residentialand
agricultural areasand petroleumresidues
from streetsand parking lots

ANSWERS

~ Thermalpollutants abnormally hotor cold
water releaseftom plants that manufacture
steebrproducelectricgbower

~ Physicatontaminants erosiomfsoifrom
agricultural, logging,or constructionsites

Whenexcestertilizer, carriedby runoff
reaches waterbodyit stimulatestherapid
growth and reproductionofaquaticplantsand
algae eutrophication!. As theexcessiveege-
tation diesand decaystheamountof dissolved
oxygendeclinesand manyfish, amphibiansand
otheraquaticwildlife cannotsurvive,

Answers will vary. Referto the list on page
5 of the Background Information under the
headingUsingOur WatelS ustaably.

DISCUSSION:

Answers will vary, but should include
references to at least four values of water to
humans plus a description of changesin life
style causedby a reduction in water supply.
Thelist on page2 ofthe Backgroundnfor-
mation, Sourcesind Usesof Water provides
possible answers to the first part of the
guestion. Thesecondpart of the question
should contain description that points
toward the increasingexpens®fwater,
decreasinganitationfor boththeindividual
and the community,or morepreoccupatiomvith
obtaining waterthanenjoyingit. Beflexible,
and encourage creativity regarding the
secondpart of the answer.

MAP LABELING:

Answerswill vary dependingon the
particular sitesnumberedby the teacher.
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CLIMATIC

LEARNING OBJECTIVES
Students should be able to:

1. Describe some of earth'spastclimate

changeandcitereasonfor thosechanges.

2, Compare earth's atmosphereto a
greenhouse.

3. Namethegreenhousgasesandidentify
factors contributing to their increasein
earth's atmosphere,

4. Recognizesome possible consequencesof
global warming.

5. ldentify personal and corporateactions to
controlthe volume of greenhousgasesand
reducetheimpactof climaticchangen the
environment,

INTRODUCTION

TheGulf Coastregionthat we enjoy
today ...,

its meadows, marshes, and forests ...,
its lakes,rivers, and bays....

its rich biodiversity

and, yes, its sunny, mild climate ....

is theresultof changeghat haveoccurredon
the earthoverbillions of years. Climatehas

CHANGE

been a driving force in shaping those changes
in the earth. Climate continues to influence the
contouof theland,thelevelof the waterways,
and the types of vegetation and wildlife

present. However, during this era of history,
humanactivitiesmay beacceleratinghe
changeghat naturewould otherwisetake
thousands of yearsto accomplish.

Earth'istoryasrecordeth  rocks,fossils,
ice, and ocean floor sediments, shows that the
dinosaurs of 150million yearsagolived in a
warm, tropicalenvironment.  Conversely, our
Cro-Magnon ancestorsof 35,000years ago
experiencednice ageenvironmentin which a
third of the earth was covered by glaciers,

SeeGeologicTimetableon page28.!

Historical examplef climatechangeseem
to be causedby huge swings in temperature,
becausepeople tend to look at eachperiod asa
separateentity. Actually, during a climate
changefrom cold to warm or viceversa,
temperatures increaseor decreaseby small
increments in a definite direction over long
periods thousands ofyears. Thisgradual
changeis good, becauseit allows speciestime
to adaptthroughnatural selectioror to
migrate,astheir requiredhabitatmoves,

Earth'saveragegemperaturehasincreased
by 1'F overthelast 100years. Relativeto past
recordsof changethisis rapid. However this



increasehasfailedto alarmthepublic. Unfor-
t~ately, most people do not realize that it only
takesa little changein the planet's average

yearly temperatureto upsetthe balancen
nature.

Thegreenhouseffectand earth'sposition
in relationto the sunareresponsibleor our
planethavinga climatethatwill supportlife.
13utsomepeoplethink the climatemaybe
changing.

~ Are human activities responsible for
causinganenhancedgreenhouseeffect
that may be fueling the current warming
trend?

~ How will rapid globalwarming affectlife

on earth?
~ Canthe warming be slowed or halted?

~ Could the current warming trend be a mere
quirk in the climatic patternthatwill correct
itself with time?

~ Should we ascitizens of the next century
take a'"wait and see" stance or should we
changeour lifestylesin termsof consump-
tion of goodsand energyto mediatethe
predicted effectsof climatic change?

The answersto these questions arenot clear,
and drastically changing our consumption
patterns could causefar reaching economic
problems.Thereforethe issueof climatic
changeis a topicof hot dabate, Peopleon both
sides those  who believe that inuninent
=limatic changeis too speculative to have
=redibilityandthosewho believethat earth's
environment,, aswe know it, is headed for
drasticchangejf notdoom are leading
campaigns to sway public sentiment.

Only time will tell the outcomehowever,
today'sstudentswill be facedwith making
personalnd political decisionghat may affect
the future outcome, To make intelligent,
responsiblehoicesthey mustunderstand

~ thegreenhouseffect its causesand
consequences

~ theneedfor maintaininga balancen nature

+ the wisdom of usingresourcesustainably

This module will help your students to
understand climatic change so they can make
informed choicesconcerning their opinions and
actions.

Thebackgroundinformationwhich follows
will be helpful in discussing:climaticchange
prior to viewing thevideo andin guiding
studentstoward logicaland meaningfulconclu-
sionsthroughoutthe viewing and postviewing
activities.

BACKGROUND INFORMATION

Change Happens

Earth's global climate is primarily deter-
mined by three conditions. The orbital pattern
of the earth around the sun, the tilt of the earth
toward the sun, and an atmospheric phenome-
non called the greenhouse effect.

Earth's orbital pattern changesfrom circular
to elliptical and back to circular in a 100,000
yearcycle. Earthalsotilts on its axistoward
and away from the sun over a 40,000year cycle.
The coldest climate occurs when the most
elliptical orbit coincideswith the greatestilt
away from the sun. It wassucha situationthat
probably triggered the beginning of the last
major ice age about 80,000years ago,

Becauseof theseorbital and tilt cycles,the
earth goesthrough cold periods, commonly
callediceagesfollowed by shortertimes of
warm climate called interglacial
periods. During ice ages,
much of the earth's water
freezes and accumulates in
glacial sheetsof ice, Sea
level is low. It was pro-
bably during anice age
that land bridges allowed
early man to migratefrom
one continent to another.

Conversely, during inter-
glacialperiods,whenthe

climate warms, the ice

melts, sealevel rises, and

migration is slowedor madedifficult.

Scientists have learned a great deal about
earth'spastclimatethrough studying the fossil
record,the annualrings of trees,and most
recentlypy analyzingsedimentdsrom the floor
of the oceanfor the amountof silicatepresent.



Silicatebelpgrassestandupright thereforthe
amounbfsilicaten sedimergamplesdicateshe
extenbfgrasslandduringvariouperiodof
history,!Scientist@analyzedeepcoresamples
from permanentlyfrozenareasn Antarctica
and Greenlandor relativeamountsof a heavy
i. otope of hydrogen to learn more about
atmospheric conditions of the past. During
unarnperiodsmorewaterevaporates;ausingthe
snowfor thoseperiodsof timeto containmoreofthe
heavyisotope.!

Thesesourcesall show that climatic change
is a regular occurrence. Ice ageslast for tens of

thousandsof years thelasticeagelasted70,000

years! and are followed by shorter interglacial
periods of 10,000to 12,500years. During the
last million years, the earth has gone through a
seriesof ice ages;we are obviously in an inter-
glacialperiod at present. Basedn this pattern,
climatologists say that temperatures should be
cooling during the next few thousand years, as
the earth movesinto another ice age.

The third phenomenon, commonly called
the greenhouseeffect, modifies the earth's
climate, making it suitable for life regardless
of ice ageor interglacial conditions.

The Greenhouse Effect

Energy emitted from the sun moves
through spaceasvarying types of radiation.
Eachtype hasa different wavelength and a
different effect on the matter that it contacts.
Theamountof energypossessetly eachtype
c fradiationcorrespondsgo its wavelength-
t're shortetthewavelength the greaterthe
energy.

The energy in sometypes of solar radiation,
suchas short-wavegammaand ultraviolet
rays, can harm living tissue,while radio waves,
which havelong wavelengthsareharmlesso
matter.

Asthewavelengtlof radiatiorincreasesthe energy
it possesses decreases,

Fortunately, the combination of solar radi-
ation reaching the earth affects matter in life-
sustaining ways. For example, waves of visible
light fuel photosynthesis and enable some
animals to see,while warmth from infrared
radiation heats the environment and drives the
water cycle.

Earth's neighbor planets, Venusand Mars,
receive enough radiation to support life, but the
resulting temperature on Venusproduces a
blistering inferno while Mars resemblesa
desolate, frozen desert. The difference between
earth and thesetwo planets, besidestheir
distancedrom the sun, liesin earth'sunique
atmosphere, a mixture of gases,droplets, and
dustthatservesasa heatrap anda shield.
Without its unique atmosphere, earth's average
globaltemperaturewould be about27'F - 3'C!
insteadof a comfortablec9'F 5'C!, and many
life formswould die from exposureo the cold
and to the sun's harmful forms of radiation.

Earth's atmosphere extends several
hundred miles into spaceand contains four
distinct layers. The layer closestto the earth
andextendingaboutsix milesinto spaces
calledthetroposphere;it is the only regionof
the atmosphere where life canexist and where
thephenomenawe call weatheroccurs.



The secondlayer, the stratosphere, contains
a veryspecialayer of gasesalledozone.
Ozone absorbs most of the harmful ultraviolet
radiation enteringearth'satmosphereand
converts the energy into heat. Ultraviolet radi-
ation that penetrategsheatmosphereanburn or kill
ivingcellstissueandsimpleorganisms.!

In the outer two layers of the atmosphere-
themesospherand thethermosphere the
numberof gasmoleculesdecreaseantil they
blend with the atoms of helium and hydrogen
found in outer space.

Thennee phere

About 99 percent of the atmospheric gases
arecontained in the troposphere and strato-
sphere.Amongthe gasesvhich makeup the
atmosphere, 78 percent is nitrogen and 21 per-
centis oxygen, Both nitrogen and oxygen,
though vital to life, are not significant in terms
of the greenhouseeffect, becauseboth are
transparent to solar radiation.

The remaining one percent of the atmo-
spheres a mixtureof tracegaseghat absorbs
incomingandoutgoinginfraredradiation, thus
warming the air and servingasa heattrap.
Becaus¢hesetracegases carbon dioxide,
methane, nitrous oxide, chlorofiuorocarbons

CFCs!,and ozone prevent the escapeof
infrared waves in amanner similar to the
panelsof a greenhouseheyarecalled
greenhouse gases.

Earthdependson the work of the green-
housegasedo preservea climateconduciveto
life. About 30percentofthe solarradiation
moving toward earthis refiectedby cloudsand
dustin thetroposphereanother20percentis
absorbedy the atmosphere, Theremaining50

percentreache®arth'ssurfaceandis absorbed
by the water, ground, and living things.

Absorbed
by the
atmosphere

Absorbed on
the earth

Ref'lectedback
into space by
clouds

The fate of solar radiation bound for the earth.

Matter that is warmed by solar radiation
gives off infrared radiation which then returns
toward space, At this point, the greenhouse
gasesplay their major role, for the infrared
radiation emitted from earth's surface which
would otherwise escapeback into space
insuring earth a subfreezing averageglobal
temperature! is absorbed by the greenhouse
gases. This heat energy is then reradiated back
toward earth, warming the air and raising the
average global temperature.

The plants and SQilinaide the greenhOuee a! absorb sunlight
and then emit weaker infrared heat waves. These weaker heat
waves cannot escape the glass so the temperature Ofthe air
inside the greenhouse gets warmer. Ntatterwarmed by sunlight
on the surface of the earth b! also emits infrared radiation. This
heat is then absorbed by greenhouse gases in the atmosphere,
preventing their escape into outer space. Thus, earth's surface
temperature, like the inside of a greenhouse, stays warmer than
it would otherwise,

It appearsthat the amount of greenhouse
gasesin the atmosphere is directly proportional
to the amount of warming that occurson a
planet. Venus'atmospheras 96 percentcarbon
dioxide, Therefore, virtually all incoming
radiationis trapped,boostingVenus'surface
temperatureto anaverage840'F 49'C!. Mars,
on theotherhand, hasvery little atmosphereso






known CFC is freon, which is used asa
coolant in refrigerators, freezers,and air
conditioning systems. Other CFCsare used
as foaming agentsto produce materials such
asstyrofoam, ascleaning agents for sensitive
electronic equipment such ascomputer chips,
and aspropellantsin aerosotans.

At the outset, thesesynthetic chemicals were
heraldedasa boonto modernlife. They
were easyand inexpensive to make, had a
variety of useful applications, and appeared
safeto use. Today,they accountfor 15per-
cent of earth's greenhouseeffect and, like
methane, have a greaterheat-absorbing
capacity than carbon dioxide, molecule for
molecule.

CFCs have also been linked to a breakdown
in the stratospheric ozone layer which pro-
tects organisms on earth from the harmful
effects of ultraviolet radiation.

~ ©zone,! isproducednaturallyin the outer
reachesof the stratosphere. High energy
solarradiation breaksapartfreeoxygen ,!.
Someof thesehighly reactive oxygen atoms
combine with oxygen molecules to form the
three-atom  rnolecules called ozone.

Thesehree-atommoleculeof oxygenform a
thin, protective shield around the earth that
absorbs and reflects most of the harmful
ultraviolet  radiation from the sun. Since
ozone gains heatin the processof absorbing
solar radiation, it is considered a greenhouse
gas. It doesnot, however, contribute to the
enhanced greenhouse effect, for the amount
of stratospherimzoneappearso be
decreasingatherthanincreasing.

<3Watewapor H,O!is partof the watercycle
on earth, and as such, is vital to life. How-
ever, one of the properties that makeswater
soimportantto life its ability to absorb
andhold heat,thusmodifying the

environment also makesit a greenhouse
gasin the atmosphere, As the climate warms
onearth,liquid waterevaporateshbecoming
water vapor in the atmosphere. This vapor,
in turn, holdsmore heatenergyradiating
from the earth,

Possible Consequences of Global Warming

Pastgeologic records show'a correlation
between warm interglacial periods and higher
levels of atmospheric greenhouse gases. As the
emission of thesegasescontinues to increase,a
similar warming trend is likely to occur. A
majordifferencebetweenprevious periodsof
global warming and today's occurrenceis the
elementof time. Then,the changewasgradual,
over thousands, sometimes tens of thousands of
years. The presentwarming trend is likely to
occur in a hundred years or less.

The exact effect of the increased levels of
greenhouse gaseson the global climate and,
ultimately, on aquatic and terrestrial habitats is
uncertain.  However, scientists have combined
laws of physics, mathematical equations, and
descriptions of natural physical processessuch
ascloud formation and deep oceanmixing to
develop computer models that present a picture
of possible change.

Models  sometimes lack all variables of the
systemsthey portray. Thus, they provide a
glimpse of what might happen, rather than
what is certain to happen. But, asmodels
become more advanced, predictions become
more reliable, Among the current predictions
for climatic changein the next century are:

~ Average global temperature increasesof 5'F
to9'F ,5 C-4.5'C!, This will vary depend-
ing on the insulating effect of clouds and the
capacityof the oceango absorbCO, from the
atmosphere.

~ A sealevel rise of 2 to 7 feetcausedby the
melting of polar ice capsand mountain
glaciers coupled with the effect of thermal
expansion in the oceans. As molecules
becomeavarmer,theyspreadapartfilling more
volume,!

The effects of such abrupt changesin
averagetemperatures and sealevel are for the
most part negative.



Sedevelrisewill initiate severahegativesffects,

1.Many low-lying Gulf Coastlandswiill
becomeinundated with water. Among the
first to be affectedwill be the Florida Keys
and other barrier islands. Flooding may
drive peoplefrom homesandbusinesse
coastal cities such as Houston, Biloxi, Mobile,
New Orleansand Tampa. The costof
battling the onslaughtof the seawill be
enormouspptionswill includeraising
homesandbuildings off the ground and
building dikes,seawalls, elevatedbeaches
and artificial barrier islands.

2, Some wetland habitats such as estuaries, salt
marshesmangroveswamps freshwater
marshesandbogswill diminish, be partially
displacedinland, or completelydisappear.
Thesehabitatsarehometo many specieof
smallanimals hestingor restingsitesfor
migratory birds, and nurseriesfor a variety
of fish and shellfishspecies.Thefishing
industry will be severelyaffectedoy theloss

of these wetlands.

:3,Peopleliving in coastalareaghatdependon
groundwaterasa sourceof drinking water
will find their water supply tainted assalt
water seepsnto coastalaquifers.

'IVeatheextremesnayincrease,

I, Thenumberand severityof tropical storms
and hurricanes in the Gulf of Mexico may
increase.

2. Forestfiresmay increaseasdrought makes
the soil dry and vegetationbrittle.

" 3Winter stormsresultingfrom the collision of
air massesnayincreasen numberand
severity, Whenmoist,warm air from the

Gulf of Mexico collides with a cold, polar,
northern front, blizzard conditions result.

Agriculturepatternsvill change.

1, Higher atmospheridemperaturewill cause
moreevaporationof waterfrom lakes rivers,
oceans, and the soil. In areas where water
bodies are few, the evaporation will lower
water tables, deplete aquifers, and result in
periodsof severedrought. The oppositewill
occur in areas where surface water is abun-
dant. Increasedevaporation will produce
more clouds, rain, and increased incidences
of flooding.

2. Many of the cropsthat clotheand feed
people cotton, soybeansgorn,wheat,
rice are sensitive to changesin tempera-
ture and precipitation. As climate patterns
changetheyield of thesecropswill decline.

3. Lessland will be available for agriculture as
sealevel rise and flooding inundate and
erode coastaland river delta crop lands.

Hiodiversitwill declin@smorespecielsecome
threatenedendangerednd extinct.

1.A warming globalclimatewill causea
changein the distribution of species.Forests
will moveaway from theeqdhtorstoward
thepoles some coniferousforestsmay
become deciduous forests, while some
deciduousforestsmaybereplacedwith
grasslands,As the dominantvegetationin a
habitatchangessodo the type of animal
specieghatinhabitit.

2. As oceansvarm, currentpatternsandthe
distribution of marine life will change. Some
organismswill diein thewarmerwater,



Coral reef communities  will be hard hit for
two reasons.First, the survival of thetiny
coralanimalswhich build thereef,depends
on a symbioticrelationshipwith certain
algae.Whenwater temperaturerises,the
coralexpelthe algaeand eventuallydie.

Secondrising sealevelwill causehewater
tobecomedeeperoverthereef. Thiswill
preventthe penetrationof light requiredby
algaefor photosynthesis. Thenlgngrovide
foodfor thecornl,!

Coral reefsprovide habitat for about a third
of the ocean'stropical fish and other marine
organisms. Thus, asthe coral in the Gulf of
Mexico decline, sowill the entire reef
community; this, in turn, will affectthe
commercial fishing industry.

3, Insectspecieswill possibly benefit from
globalwarming, for fewer~iill freezeduring
the winter. That means that more insects will
surviveto destroycropsand spreaddiseases
such asmalaria, yellow fever, and
encephalitis,

Can Anything Be Done To Slow Or Halt The
Predicted Changes?

Theconsequencesf globalwarming,
describedn the previoussection presenta
bleak picture. However, scientists are not cer-
tain aboutthe duration of thiswarming trend
or the effectson specificregionsof theglobe.

Thisuncertaintyhasmademany people
skepticalof the predictions. Butto do nothing
to deterglobalwarming isto invite theworst
consequences.Besides,many efforts to halt the
possiblecause®f globalwarming arebeneficial
to individuals  as well as the environment. The
following areactionsthat may help,

]. Conserveenergyand savemoneyby
~ turning off lights whenleavingaroom.
~ driving lessandwalking more,
~ buying carsthat getbettergasmileage.

~ turning the thermostat down in the winter
and up in the summer.

~ buying energyefficientappliancesvhen
replacing old ones.

~ usingfluorescentights wheneverpossible,
Theyuseonefourththeenergyfincan-
descerulbsndlastupto 10timesaslong,!

2. Reduceheemissionof greenhousgasesy
supporting or encouraging

~ a taxon fuel and power consumption.

~ research for chemicals that do not harm
the environmentto replaceCFCs.

~ a worldwide banon using CFCsasa
propellant in spray cans.

~ lessuseof nitrogen-basedertilizersby
the agriculture industry, farmers, and
gardeners. Seelalternativenrethodfor
encouragingplant growth,!

~ the research,development, and use,when
possible, of alternative, non-combustion
energy sourcessuch as solar,wind, and
wave power.

3. Limit and recyclewaste. This will reduce the
landhll problemwhile cutting down onthe
amount of fossile fuels needed to manufac-
ture new products.

4. Reducedeforestationand plant treesin areas
that have beenpreviously clear cut.

5. Supportresearctihat may help humansand
otherliving thingsadaptto the global
changeghatdo occur. Examplesare

~ geneticallyengineeringvarietiesaf crops
thataremoreresistanto droughtand

heat.

~ designingirrigation systemghat waste
less water.

~ setting up migration corridors, soanimals
can easily move to suitable habitats.

Climaticchangeis anissueof globalcon-
cern. Effortsto avertpossiblehardshipsand
lossfrom sucha changecanbeginwith indi-
viduals and progresgto internationalaction.
Teachersavea uniqueopportunity to encour-
ageactionsin their studentsthat canultimately
affect local, state, national, and international

policy.












PREVIEWING QUESTIONS AND
ANSWERS

1.

Earth's atmosphere air! is part of the sky,

Name as many things in the sky asyou can.

Someaesponseisiclude:

l

Cloudsrain,fog, sleetandsnoto

l

Sun, moon, and stars

l

Birds, bats, and insects

l

Airplanes,hofair balloonskites

~ Gasesoxygen,hitrogen,argon,andcarbon
dioxide!

~ Dust andchemicalfomfactories pollution
such as ozone, nitrous oxide, carbon
monoxideandsulfur dioxide!

A resource is something that is useful. For
example:

~ Water is used for drinking and cleansing.

~ Forestgprovide food and shelterfor
animals and raw materials for building.

~ Oil is used to make gasoline, crayons,
deodorantbubblegum,and many other
useful products.

~ When burned, oil provides energy for
producing electricity and running
engines.

Why isthe atmosphereair! a valuable

resource?
Theatmosphereontains:
~ Gasesecessarpr life.

Carbon dioxide is usedby plantsto make
food. Oxygenis usedby organismguring
cellularrespiration the breakdowroffood
that releaseenergy carbondioxide,and
water!. Nitrogen is usedby somebacteriato
makenitrates. Theseecompoundsrethen
usedby otherorganismsto producecellsand
thechemicalsiecessarfpr life.

~ Watervaporthat condensetform clouds
part of thewatercycle,

POSTVIEWING
ANSWERS

+ Solar energythat drivesthewafercycleand
fuels photosynthesis.

~ Wind that spreadseedsenablegheflight of
insectsandotherflying animals,andcan be
usedfo generateelectricity,

The climate of a particular placeis a
descriptionof its averageneathercon-
dition» rainfall, temperature humidity
overanextendedperiod of time many
years!, Describeheclimatewhereyou live.

Theclimateof thestatesborderingthe Gulf of

Mexicotendsto bemild anddry in therointer
very few daysoffreezingtemperaturesnd

rain. Summersarehof, humid, andrainy

high femperaturesftenrangegrom 95'F to over

100'F '33'-38'C! anddaily afternoonshowers

arecommoralongthecoast.

Hurricanesperiodicallyoccurfrom Junethrough
Novembeandthethreatof tornadoess present
during thespring andfall,

Hasthe climateon earthalwaysbeenlike it
is today? Explain your answer.

No. The

fossil record

and other

geologic

studies show th

the dinosaurs o

100million yea

agolivedin an

environment th

was warmer th

today. These

recordsalsoshowthat theearthhasgone
throughmanyice age$ollowedby periodsof
warming.

QUESTIONS AND

Describewaysthat a greenhousand
earth'satmospheraresimilar.

Basic:

~ Theroofandwallsofa greenhousaremade
of a substancausually glassor plastic! fhafis
transparento solarradiation;earths
atmosphereair! is alsotransparentto solar
radiation,



~ A greenhouserotectstendervegetatiorirom
thecoldoftheoutsideenvironmeritytrap-
pingwarminfraredadiationnsidets glass
orplastiovallsandroof. Similarlycertain
gasesn theatmospherkeepearth'ssurface
temperaturet a levelthatwill supportlife by
absorbingnfraredradiationand radiatingit
toward earth.

~0R

Advanced:

Solarradiationentersa greenhousandis
absorbetby theobjectsand organismsanside.
In turn, thewarmedobjectsand organisms
give off radiationin theform ofinfrared
waves, However theinfrared radiationdoes
not haveenoughenergyto moveout through
theroofandwalls of thegreenhouseAs a
result,theenvironmentnsidethegreenhouse
stayswarmerthan theenvironmentoutside
thegreenhouseCertaingasesn earths
atmospheract like thetransparenpanelsof a
greenhouseTheyallow a portionofsolar
radiation to movethroughtheatmosphereo
earth'ssurfacebut thenabsorbwvarminfrared
radiationemittediom theearththatwould
otherwiseradiateinto outerspace.This
warmed air allows earth to maintain a
temperaturghatwill supportlife.

Name the type of greenhousegasbeing
described in eachof the following
sentences.

a. Manmade chemicals used as coolants in
refrigerators and air conditioners and as
propellants in some aerosol cans.

b, Its concentrationn the atmosphereises
as deforestation increases and as fossil
fuels are burned,

c. This gasis produced naturally in oxygen-
poor, water-logged areassuch as
swamps, marshes, and rice paddies.

d. Thebreakdownof nitrogen-containing
fertilizersreleaseshis gasinto the
atmosphere.

3,

e, A layer of this gasin the stratosphere
provides a shield around the earth that
blocks out most of the sun's harmful
ultraviolet  radiation.

f. Thisgascanboth coolandwarm the
atmosphere. It is part of the water cycle,

a. ChlorofluorocarbonsCFCs!
b CarbodioxideCO,!
c. MethaneCH,!
d. Nitrousoxide N,O!
e.Ozone,!
f. WatewvaporH,Q!

How would your state be affectedif the
average global temperature warmed by
about5'F? Whatmight happento theland,
the water, the vegetation, and the weather
patterns? Give reasonsfor your responses,

Answerwill vary. Refeto theBackground
Informationon pages-8. Someesponseare:

Increasedemperaturesvould causavaterin the
Gulf of Mexico to occupymorevolumeleading
to sealevelrise. Landalongthecoastmay
becomBoodedwith saltwater. This saltwater
intrusion maykill manyof theplantsand
animalsadaptedofreshwaterwetlands.

Landsupstatdrom thecoast wheretheres less
surfacewater! would becomerier becauséhe
extraheatwould causemoreevaporatiorof
materfrom thesoil. Theland mouldcrackand
therewould bemoreerosionbecaus¢heplants
thatholdthesoiltogethewoulddiefrom lackof

mater.

Streamsand pondswould dry up becausef
increasecevaporation.Thewaterlevelin rivers
and lakeswvould recede.Theamountoffresh-
wateravailabldor consumptiorby peoplevould
decrease.

Plantsthat requirea lotof watersuchasrice,
corn,irises ferns, andazaleasvoiild die. They
may bereplacedy plants suchastumbleweeds,
mesquiteand cactusthatdo not requireas

much water.

Weathemlongthecoast~herewateris plentiful
would bewarm and balmy,becaus¢heincreased
heatandsubsequert/aporatioratemould
causeherelativehumidity amounbf moisture
in theair! toincrease.Theincreasedumidity



mayleadio morecloudcoveandthunder-

storms,

Upstatareasyheresurfacevatelis notas
plentifulasit is alongfhecoastmightexperi-
encdimesofdroughthataremoreseverand
longerin duration. Humidity would decreasas
the air lost its moisture.

Theaveraggylobalternpera-
ture isrising. Many scientists
believe this warming trend is
being causedby an increasein
human activities that add
excessivamountsof green-
housegasedo the atmosphere.
Namefour thingsthat you can
do to help reducethe volume
of greenhouseases.

Answerswill vary. Referto the
listonpaged oftheBackground
Information.

EXTENSIONS

Math: Have students note
temperature referencesmade
in degreesFahrenheit during
the video. Tell them to use the
following formulato convert
those measurements to

degree<elsius,
'C = 'F-32! x5/9

2. Setagoal: Ask your students
to list severalpracticeghat, if
followed,would reduceCO,
ernissionsin your coxxununity
Se@age3in theBackground
Informatiofor suggestions.!
Ask each student to commit to
practicingat leastthree.

3. Field trip: Planatrip to the
local power coxnpanyor invite
someondrom the power companyto talk to
your class. Ask the students to compile a
list of questionsto asksuchasthe
following.

a. Is the power company doing anything to
cut down ontheir emissionof CO,?

b. Isthe companyresearchingvaysto

supplexnentossilfuel-generatecelec-
tricity with renewable energy sources
such as solar power, geothermal power,
andwind power?

c. Doesthe companyhavea rebatgprogram

for households that save energy?

4. Debate: Have students
research and then debate the
following questions.

a, Currently, oil companies pay
royalty taxesto the federal
government when they pump
oil from the land, and
consumergay both stateand
federal taxeson gasoline
purchases.Shouldtaxeson
the extraction and use of fossil
fuels oil, natural gas,coal

be increased? What might
be the advantages and
disadvantages to further
taxation?

b. Should the use of renewable,
non-combustive forms of
energy solar, wind, and
geothermalpower be
encouragedy federaland
stategovernxnentshrough tax
breaks?

c. Should the U.S.government
takemeasurego curb CO,
ernissions, even though the
effects of rising atmospheric
CO, levelson the global

climate are not certain?

5. Keep arecord: Clouds can
modify averagedaily
temperatures by trapping heat
that radiates from the earth at
night and by blocking solar
radiation from the earth
during the day; thus,the

temperaturerangeover a 24hour period is
smaller warmemightsandcooledays!.
Have students:

+ Record the daily temperature range high
and low temperatureshnd the amountof
cloud cover clear slightly cloudy,xnostly
cloudy,heavycloud cover!for your town
for two weeks to a month.



~ Graph the data.

~ Compare the amount of cloud cover vs.
daily temperature range,

~ Write a summary of the results.

Modeling: Have students researchthe
physicaland chemicalayeringof the
atmosphere. After the information hasbeen
collected, have them prepare a scalemodel
of theatmosphereandidentify the position
of the ozonelayer,auroras planeflight,
altitudesof the shuttle,and any otherzones
of interest.

Sealevel rise: Preparea mound of dirt in
a plastic storage box. Add water to createa
shoreline around the dirt ask students to
note the water level and the contour of the
mound. Add a blockof ice representing
glacier!to the soil and allow it to melt,
Periodically, asthe ice melts, ask students
to observeand commenton changesn the
water level and contour of the land.

Water level will rise and some erosion sho«ld
be evident.!

Interpreting graphs: Have students usethe
activity on pages15,16,and 19in Global
Warmingand the Greenhous€gffect,a GEMS
publication. Theaddres$or this publication
isfoundin theReferencespage4,! The
activity contains two graphs one shows
changesn the averageglobaltemperature

during the past130yearsto demonstrate
thecurrentwarming trend,and the other
depictsaveragesurfacetemperaturesof the
oceanfor the past450,00§earsto compare
temperaturesiuring iceagesandinter-
glacialperiods.

Bulletin  board: Ask students to collect
newspaper and magazine articles on
climaticchangeand prepareaninformative,
interactivebulletin boarddisplay usingthe

articles.

. Alternative energy sources: Ask students

to researchand report on one of the
following alternativeenergysources:
nuclearpower,solarenergywind energy,

hydroelectricpower,geothermalenergy,
and tidal wave! power. Have them include
information ~ such as:

~ How the alternativesourceproduces
usable energy.

~ Theadvantagesand disadvantage®f
usingthe alternativesourceof energy
for exampleits effecton theenvironment,
thecostof building thepowerplant, the
amountofland neededthetime req«iredto
generateghepower,and the numberof
employeewedetb maintairtheacility!.

~ The amount percent! of the United
States'energy needs currently derived
from the alternativeenergysource.



ACTIVITY I

THE GREENHOUSE
Teacher Instructions!

EFFECT

Objectives

~ Todescribeearth's atmosphere.

~ Tosimulatethegreenhouseffectin a
controlled experiment.

Description

The teacherwill briefly describethe
conceptzoveredin theactivity earth' s
atmospheretypesof solarradiation,modelsin
scienceandthe greenhouseffect. The
Backgroundformatioronpage8-5will be
helpful,!Afterwards,studentswill work in
smallgroupsto carryout a controlledexperi-
ment that demonstrates the greenhouse effect.
Thestudentswill graphtheir collecteddata,
and answerquestiongegardingthe designof
theexperimerdand thetrendshown in the

results,

Vlaterials per group!

2 Plastic storageboxes™ x 12"x 3"!

12 Cupspotting soil cupsper box!

2 Thermometers aquariumthermometerare
inexpensivendshowboth C andF!

2 Strips of lightweight cardboard” x 3"!

1 Clamp lampwith 100watt light bulb

1 Brick or block of wood

Ruler

Plasticwrap to cover one container

Rubber  band

Blueand red mappencilsor pens

Procedure

A. Makeenoughcopiesof the Student
Instructions and Data Sheets pages20-23!
for each student to have a set.

B. Separateherequiredmaterialsfor each
group s experimenprior to class. Putthe
require@mounbfpottingsoilin thestorage
boxedeforeclass.!

C. Whendirectedby the videonarrator,stop
thetapeand distributethe Student

Instructions  and Data Sheets,

D. Have students read the Introduction in their
instructions.

E. UsingBackgroundnformationfrom
pages3-4,

~ Describethe four layers of earth's
atmosphere Explainthe importanceof
thetroposphereandthe stratosphere.

~ Distinguishamongthe typesof solar
energyandexplaintherelationship
betweenwavelengthand amountof
energy.Citethe effectsof ultraviolet,
visible light, and infrared waves on living
things.

~ Describe how infrared radiation reacts
wi th greenhouse gasesto warm the air
aroundtheearth thegreenhouseffect.
Usea transparencyf thediagramshownon
pagel oftheBackgrouniaformation.!

F. ExpJainthesignificanceof modelsin

science.

A modek a meansfdescribingomethingy
usingdiagram$ormulasprrepresentative
structures, Examplesreroadmaps bridges
madé&om toothpickeind3-D modelsf
rnoleculesadeofvireandijellttbeanswWhen
dealingvithanobjecorideathatin realityis
verydifficulttoworkwith becauseis large,
sInall,or complex! scientistsoftenexperiment
with modelsin order to learn more about the
phenomenon.



Tellthe studentsthattheywill be making
andusinga modelof earth'satmosphereo
investigate the greenhouseeffect,

. Following the diagram in the Student
Instructions,demonstratédhow to setup the
experiment. While demonstrating:

~ Ask students to correlate the various
parts of the model light, soil, air,
plastic wrap to the corresponding
partsof theearthsystem sunsurface
oftheearthatmosphemgreenhoug@ases.

~ Have students distinguish the
experimentalsetup coveredontainer!
from the control setup opencontainer!,

+ Ask students to predict whether
temperatures will vary between the two
containers. Have them give reasonsfor
their predictions.

~ Explain how and why the thermometers
used in the experiment must be zeroed,

In ordertogeta truepicture of thedifference
in temperaturechangebetweerthecontrol
andexperimentasetups poththermometers
musthavethesamaenitial reading room
temperatureat thebeginningofthe
experiment.

Sedetter L belowor a descriptiorof howto
zero the thermometers,!

. Temperature readings will be taken from
both containers every minute for 15min-
utes. The teacherwill keep track of the
time and alert students when to read the
thermometers.

Divide the classinto groups of 4 students
each. Eachgroupwill choosdwo persons
to read the thermometers the observers!
and two to record data the recorders!.

Ask one person from eachgroup to getthe
materialsfor the experiment.

. Allow time for the students to setup their
equipment.

. Tellstudentsto takeaninitial temperature
reading time O0!,beforecoveringthe
experimentaketupwith plastic. If the
thermometereadingsdo not agree:

~ Determine the difference between the
high and low reading,

+ Add the difference to the low ther-
mometer'sreadingsotheinitial reading
for both thermometers will be the same.
Thisis calledzeroingtheinstruments.!

~ This number must be added to each
reading taken from the low thermometer
throughout the experiment.

Tell therecorderfor eactgroup to addthe
numberofdegreer zeroinginto eachbox
under the low thermometer on the Data
Sheetnow,sotheywill notforgetasthe
experimentprogresses.

M. Makesureeachgroup'sexperiments set

up correctly.

Make the classroom as free of drafts and
light aspossible close windows, window
shades,doors, and turn off the lights.

. At the signalto begin,eachgroupwill turn

on its light. Alert the classaseachminute
passes. At eachsignal, the observer will

determinethethermometer'semperature
to the nearest 0.5 'C and the recorder will

write thetemperaturein the appropriate
box on the Data Sheet.

After the experiment is finished, have
students within the samegroup swap
data so they have results from both the
control and the experimental containers.

. Allow time for studentsto graphtheir

data control datain blueand experi-
mental data in red and answer the
Summary Questions on the back of the
Data Sheet.

Call on onestudentfrom eachgroupto
summarize the changesobserved during
theexperiment.

Thetemperaturén eachcontainerwarms
andthenlevelsoff Thetemperaurén the
coverectontainer experimentasetup!levels
offat a hightertemperature.Explain that
whentheamounbfheaandlightentering
thecontaineis equatotheamounteaving
thecontainemnequilibriuntemperature
has been reached,



S. Discussthe answersto the Summary
Questions at the end of the Data Sheet.

T. Continue the video program.
Extension

Havestudentsvary theexperimento testthe
effect of the following:

~ Moist sail.

~ Soiltype garden soil,sand,andsod
soil and grass!.

TEACHER

e Increasinghe amountof carbondioxide.
Placea dishof marblechipsanddilute
hydrochloricacidon thesoil to produceextra
COjn theexperimensatupsoveboth
containerswith plasticwrap!.

~ Amount of ventilation. Vary theamountof
coveringnseveratontainersone-fourth,
one-halfand three-fourth®pen.!

[This activity was adapted in part from Session 2: Modeling the
Greenhouse Effect' which is part of Global Wermingand the
Greenhouse Effect, a GEMS Project published by Lawrence Hall
of Science, University of California at Berkeley. 1990.]

KEY ACTIVITY |

Datawill vary slightly dependingonroomtemperatureandtype of thermometersised,however the
trend should be similar to the one shown on the table and graph that follow.

THE GREENHOUSE

EFFECT
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Summary Questions

1. Why did the temperature rise in both

containers?

Light and heatenergyfrom thelight bulb
enteredbothcontainerswvarming theair around
the thermometer.

2. Why did the temperature in the container
covered with plastic wrap rise higher than
thetemperaturen the opencontainer?

Thewarmair in theopencontainermixedwith
coolerair outside the container, but the warm air
insidetheclosedcontainerwasseparateffom
thecoolerair by theplasticwrap.

:3. How wasthis experimentsinularto what
happensnsidea closedcarparkedin a
sunnylocationon a cold,winter day.

Light and heatenergyrom thesun moveinto
the car, but becausethe windows are closed, the
heatenergycannotescapesotheair insidethe
carbecomewarm eventhoughthetemperature
outside the car is cooler.

4. In this activity you madea modelof the
earthandits atmosphere.Tellwhat eachof
thefollowing partsrepresented.

10

12 14 16 18

Thelight bulb  thesunor solarenergy

The potting soil  theearth

Theair in thecontainer earth'sastmosphere
Theplasticwrap greenhougmses

Did your group observe other similarities
betweenthe greenhousenodel thecovered
container!andtherealearth'satmosphere?

Condensatiaollectedntheinsidesurfacef
theplasticwrap similar fo theway water
dropletgondensa theatmosphetebecome
clouds part ofthewatercycle.

Models,thoughuseful,arenot perfect
examples of the phenomena they represent,
because variables are often involved that
cannot be representedin the model. In
what ways was this model different from
therealearth'satmosphere.

~ Earth'satmosphedmesiothavea solid
barrierjiketheplastionrap.

~ Thelight bulbemt tedrisibldightand
irrfraredadiationthesunemitsthesglus
cosmicrays,gammarays, ultraviolet
radiation, and radio waves.

~ Weather conditions such aswind and rain,
whicharea paroftherealearth'satmo-
spheregouldnotbeincludedn thismodeL
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ACTIVITY |

THE GREENHOUSE
Strrdent Instructions!

EFFECT

Introduction

Many objectsand events phenomena!
studied in scienceare too small, too large, or too
complicatedio work with directly, In these
cases,scientists often create representations

models! of thephenomenorn questionand
thenexperimentwith the modelto learnmore.
Thegreenhouseffectis a phenomenorthat
occursin earth'satmosphere |n this activity
you will createa modelof earth'satmosphere
in order to investigate this phenomenon.

The greenhouseeffectinvolves the
interaction between various gasesin earth's
atmosphereanda typeof radiantenergycalled
infrared waves. Radiant energy from the sun
travels through spacein waves. The shorter the
wavelength of the radiation, the greater its
energy.

Sometypes of radiation have so much
energy that they can harm or even kill living
cellsand organismsgammaradiationand
some forms of ultraviolet radiation are in that
category. Other types of radiation, such as
radio waves, have such long wavelengths
some more than six miles long! that their
energyis harmlesso organisms.Infrared
radiation haswavelengths a little longer than
visible light. Theseraysgive a feelingof
warmth on our skin. In fact, anything giving
off heat a fire, a hot iron, atoaster, or even
your body after strenuousexercise is
emitting infrared radiation.

Most of earth's atmosphere 99 percent! is
composedf nitrogenand oxygen. Both of
thesegasesaretransparento infrared
radiation, but somegasesin the remaining one
percentabsorbthe heatof infrared radiation,
thuswarming earth'satmosphere.Because
thesegases carbon dioxide,watervapor,
nitrous oxide, methane, chlorofluorocarbons

CFCsl,and ozone trap heatin a manner
similar to thetransparenipanelsof a
greenhousetheyarecollectivelycalled
greenhousgases.

Using thefollowing procedure your group
will makea modelof earth'satmosphereand

will carry out a controlled experiment that
demonstrates the greenhouse effect.

Procedure

1. Collect the materials required for setting up
the experiment.

2. Selecttwo from the group to be observers
and two to be recorders. One observer-
recorder team will monitor the control
container and the other team will monitor
the experimental container.

3. Work together to setup the experiment as
shown in the diagram above.

> Lay athermometer on top of the soil in
each container so that the numbers can be
easily read. Cover the bulb end of each
thermometer with a piece of cardboard to
protect it from the direct rays of the light
bulb.

Adjust the clamp lamp on the brick or
block of wood so that the bulb is about
10 crn from the surface of the soail.

Oncethe experimentbegins,you will
berecordingtemperaturereadingsto
the nearest 0.5 'C each minute for 15
minutes your teachemill keeptrack
of thetime and signalwhen to readthe
thermometer.



~ Which container will be the control
setup?

~ Which containemwill bethe experimental
setup?

~ Whatis the temperatureon eachof your
thermometers? All group members
shouldagreeon thetemperature
readings.!

CONTROL SETUP Cc
EXPERIMENTAL SETUP oC

Both thermometers should have the same
reading room temperature.If theydo
notagree determinethe difference
between the high and low reading.

DIFFERENCE BETWEEN HIGH AND
LOW READINGS = oC

Add that number the difference! to the
low reading sothe number of degrees
recorded on the Data Sheet for both
thermometers at the beginning of the
experimentisthe same thisis called
zeroingtheinstruments.

The samenumber of degreesmust be
added to eachreading taken from the low
thermometer throughout the experiment.
On the Data Sheet, add the number of
degreedor zeroinginto eachboxunder
the low thermometer, soyou will not
forget asthe experiment progresses.

Cover the experimental setup with plastic
wrap, thensecurethe plasticwith the
rubber band. The control setup will not
have a cover.

Attachthe clamplamp andbulb to a block
of wood or ring standsothebottomof the
bulb is about10cm from thetop of the soil
and centered between the two containers.
Plugthelamp'scordinto the nearest
electricaloutlet,but DO NOT turn thelamp

on.

Ask your teacherto checkyour setup,

Whenall groupsareready the teachewill
give thesignalto turn thelamp on, At the
end of eachminute, the teacherwill signal
for the observers to determine the
temperaturein the containers,The
recorderswill write thetemperatureonthe
Data Sheet.

At the completion of the experiment,
dismantle the setup and put the supplies in
their storage site.

Exchangedatawithin your groupsoeach
personhasall the datafor both the
experimentaland controlgroups.

10.Graphyour datain the spacerovided on

the Student Data Sheet.

~ Thex-axisis for theindependentvariable
time! and the y-axis is for the dependent
variable temperature!.

~ Useblue and red pens or pencils to
distinguish the control data blue! from
the experimental data red!.

11. Answer the Summary Questions on the

back of the Data Sheet.

Extension

Follow the samebasic directions, but vary
the experimentby testingoneof the
following:

~ Moist sail.

~ Soiltype garden soil, sand,andsod
soil and grass!.

~ Increasinghe amountof carbondioxide
placea dishof marblechipsanddilute
hydrochloricacidonthe soil to produce
extra CO in the experimental setup;
covaévoycontainershplastwrap!.

~ Amount of ventilation one-fourth, one-
half and three-fourthsopen!,
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ACTIVITY Il

LAFITTE'S ISLAND

Teacher Instructions!

Objectives

~ Tobrainstormpossibleconsequencesf
globalwarming

~ Topractice creative writing skills.
Description

Studentswill work in smallgroupsto
brainstormpossibleconsequence® a small
barrier island and its inhabitants  should
averagglobaltemperaturesiseby 5 F 'C!
during the next50years. Theywill usetheir
predictionsto write anending for thescenario
described in "Lafitte's Island.” Someone from

eachgroupwill readthe endingto theclass,
Materials per group!

One copy of the Student Instructions for
Activity Il Lafitte's Island

Procedure

A. Make copies of the Student Instructions
pages?25-27for eachgroup.

8. Whencuedby the narrator,stopthevideo
anddivide the classinto groupsof 4 to5

students each,

C. Askthestudentsto closetheir eyesand
imaginethatthey areJearnwhile you read
the story. Jeaiis botha malendemale
name.!

D. Keepingtheir eyesclosed havethe students
silently reflecton the story by considering
the following:

~ How did the story make them feel?

+ Wouldtheylike living on Lafitte'slIsland?
Why?

~ What were some of the characteristics  of
theislandthat might be affectedby sea

level rise?

~ How might the peoples'lives changeif
sea level rises?

. Workingwithin their group, havethe

students follow the directions in their
Procedure section:

1. Estimate how much the Gulf of Mexico
might riseif thereis anaveragetempera-
ture increase of 5'F 'C! over the next 50
years. Thisis a hypotheticakituation, but
studentsshouldtry to berealistic advise
themto choosketweenneandhoelvéeet.!

2. Predict how this sea level rise will affect
Lafitte's Islandand the peoplewho live
there. Encouragstudentsorereadhe
storyfor ideas.!

3. Write a descriptionof the daydreamthat
includespossibleconsequence® the
islandandits inhabitants, BringJean
backto thepresentandrelatea possible
courseof actionin responseo his/her
futuri sticthoughts.

4. Haveeachgroup chooseonepersonto
read the ending to the class. If time
permits, groups could actout rather than
readthe ending.

Return to the video for the remainder of the
program.



ACTIVITY Il

LAFITTE'S ISLAND
Student Instructions!

Imaginethatyou area
teenagewho liveson abarrier
island alongthe coastof the Gulf of
Mexico. Your nameis Jean. Your familyhas
lived onthis sandymarshislandsinceyour
great-greagrandparentssettledherein the late
1800s.Yourfamily membersarenotthe only
inhabitants of the island, Yourvillage hasa
population of 556people.

Theislandis 20mileslong and5 miles
wide. At its highestpoint, it isonly four feet
abovesedevel. Thewater surroundingthe
white-sand island is clear and has a deepblue
color. A coral reef teeming with anemone, star-
fish,spongesanda hugevariety of tropicalfish
hasformedatop severalsunkenoil platforms.
This artificial reefborders the gulf side of the
island. On the mainland side, the land curves
inward to form a quietlagoonfrequentedoy
playful dolphinsand,occasionallyseaturtles.

Weathemontheislandis usuallywarm and
breezy even during thewinter, therearevery
few cold days. Theair is humid and smellsof
the salty,gulf spray. Tropicalstormsand
hurricanes come in the summertime and fall,
but thevillage peoplehavelearnedthroughthe
years.to preparefor the strongwinds, waves,
andrain. Damagecanusuallyberepaired
within a fewdaysaftera hurricangpasses.

The island is so beautiful and rich in
biodiversity that tourism hasbegunto grow.
Peopleboatto theisland for snorkeling,sun-
bathingpicnickingandshoppindor crafts.

In fact,theislandhasbecomesopapular that
the stateis planningto build a bridgeto connect
theislandto the mainland..Presentlythe ordy
way to the mainlandis by ferry,by private boat,
orin emergenciedyy helicopter.

Smallastheislandis, it hasprovideda
rrLean®f livelihood for the viHagefor many
generations.With the exceptionof a fewstore
owners, most families make a living by fishing
thecoralreef,lagoon,andbaywaters. When
notin schoolyou helpyour dad setcrabtraps,
gigin thelagoorfor flounderandtrawl for

shrimp and fish. He sellsmostof the catchon
the mainland at the fish market. The remainder
becomegumbo,etoufee or bisquein the
family's stockpot. Modernconven.iencesuch
asradios, televisions, and bicycles are pur-
chasedn the mainlandwith moneymadefrom
fishing.

Vegetable$or thefamily aregrownin a
communitygardenlocatedin the centerof the
island,wherethe saltwaterrarely intrudes.
Severapeoplefrom thevillage makereed
basketsfrom the smooth cordgrass that grows
on the bayside of the island. Tourists are eager
to buy thesebasketsvhenthey visit theisland.

Thegrowth of plantson theisland
dependson freshwaterfrom daily afternoon
showers. Thepeopleofthevillage alsodepend
on theseshowers, becausethe rain keepsthe
island'spond and cisterndull of freshwater.
Thepond and cisternsarethe sourceof fresh
water for the entire village. The pond also
provideshabitatfor frogs,freshwaterfish,and
wading birds. During the spring and fall, many
colorful migratory birds stopalongthe grassy
edgeofthe pondto restandeatastheyfly to
andfrom nestingsiteson the mainland.

Experiencesn theislandteachyou many
things aboutlife, but you mustalsogo to
school. Nine monthsout of eachyearyou and
yourfriendsclimbaboard ferryat6 aminthe
morning to makethe 8 miletrip to a schoobn
themainland. There you learnhistory,math,
scienceand English. Youalsolearnaboutways
theworld is changing. Everyvillage is not
exactly like yours.

Further inland, there are huge cities.
Peoplezoomby in automobilesdriving
hurriedly to and from work and shopping.
Airplanedly throughthesky takingpeopleo
andfrom far away places.Factoriessmoke
with activity,producingall sortsof modern



conveniencesappliances, plasticsgasoline,
and fertilizer. Even the fields between cities are
full of activity astractorsplow and plant row
afterrow of cropssuchascotton,soybeans,
corn,andrice. YesJife onthe mainlandis quite
different from life on the island.

Although you enjoylearningaboutcity
life, you aremosthappy backontheisland.
After schooland onweekendsyour timeis
spent mending nets, washing down boats,
laughing with friends, and searching for
treasureghat might havewashedup onthe
beach. Life ontheislandis slowpaced,
peaceful, predictable, and safe, But that, too,
may be changing.

You have learned at school that the average
global temperature isrising. Somescientists are

Procedure

predictingthat, asthe temperaturerises polar
icewill begin to melt into the oceanand
seawater will warm. Both of these events will
causethe sealevelto rise,coveringmoreland.
Somescientistsaarealsopredictingthat hur-
ricanes will occur more often and with more
severityin the Gulf of Mexico. Becausgou live
onanisland, sealevelrise couldthreatenyour
whole way of life. Youbeginto readbooksand
watch televisionprogramsconcerninghis
global warming trend,

One afternoon on the boat ride home from
school, you begin to daydream . ,.

Whatif the earth'saveraggemperature
doesrise5'F by the middle of the nextcentury?
How will this affect Lafitte's Island? What will
life on the island be like then?

L Estimate how muchseaevelwill rise choosgnumbebetweethandlXeet!if the averageglobal
temperature increasesby 5 F during the next 50year period.

2. Usingyour estimateasa guide,answerthe following questionsaboutpossiblechangeso Lafitte's

Island.

a. How might some of the island's physical characteristics amount of land, location and amount
of salt and freshwater, type of weather! change?

b. How will plant speciesbe affected?

c. How will animal speciesbe affected?

d. How will thechangeaffectrecreation swimming,sailing,picnicking, etc.!andtourism?



e. Will the fishingindustry be affected?How?

f.  Will Jean'scoxrununity be more crowded than it is now? Why?

3. Usingyour responseso thesequestiongplus any otherideasdiscussedn your group, write a
descriptionof Jean'ddaydreamin the spaceprovided below. At the end of the daydream bring
Jearbackto the present,andrelatewhat courseof actioncould
be taken in responseto his/her futuristic thoughts.

4. Chooseonepersonfrom your group to readJean'slaydreamto
theclass. If time permits,your group may chooseto actout the

daydream.
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TIMETABLE

GEOLOGICAL
EVENTS

Last ice age ends

Numerous ice ages

Drastic cooiing

Climate drying; cold

S. America separates
from Antarlica

Forrnafiionof Alps
Continents continuing
to separate

Asteroid collides with

earth; dustobscuressun

Africa and S.America
separate;seas over Europe

Continued mountain
building; inlandsess

Continental drift begins
Pangaea breaksup!

Very cool; glaciation;

seas drain

Pangaea; lowlands,

shallow seas

Appalachians forming;
atmospherimxygen
stabilizes at present level

Flattenedandscape

Sea level low

Steady increase in
temperature

GEOLOGIC
I'with importanteventsin earthand life history]
ERA PERIODS MILUONS AVERAGE
AND OFYEARS SURFACE
EPOCHS AGO TEMPERATURE
OFOCEAN
Cenozoic  Quaternary
Recent 10,000 to present 15'C 9'F!
Pleistocene 0-2'C 2-36'F!
Tertiary
Pliocene 2'C 6'F!
Miocene 23 7C 5 F!
Oligocene 36 13'C 54F!
Eocene 54 13'C 5'F!
Paleocene 65 10'C O'F!
Mesozoic Cretaceous 135 13C 5 F!
Jurassic 197 13C 5 F!
Triassic 225 8-13'C 6.55'F!
Paleozoic Permian 280 1-8'C 4-46'F!
Carboniferous 345 13'C 5'F!
Devonian 405 11-13 C 2-55 F!
Silurian 425 11-13'C 2-55'F!
Ordovician 10-13 C 0-55'F!
Cambrian 570 0-10'C  2-50'F!
Precambrian 1 billion yearsago

2 billion years ago

3 billion years ago

4 billion years ago

4.5-5.7billionyearsago

Earth cooling
algae, fungi2!

Tropical climate

Accumulatiorof
freeoxygen,!

Oldest rockformation

Chemical evolution

BIOLOGICAL
EVENTS

Homo sapiens spread
over planet; many birds
and large marnrnals

Homo sapiens evolve

Large extinctionof
early mammals

First hominids

Modern flowering plants;
primitivespes

Seed plantsdominate

Age of Mammalsbegins

Massive exlinction;
dinosaurs die out

Dinosaurs reach peak
Earliest angiosperms;
firstbirds
Gymnosperms; first
dinosaurs

Extinction of many
dominant life forms
Coal age forests;
first winged insects,
Age ol Amphibians
First seed plants;
firstamphibians;

Age of Fishes

First terrestrial plants
and invertebrates

First vertebrates fish!
Algae and marine
invertebrates dominate

Multicellulatife

Firsteukaryotes

Photosynthetic
proksryotes

Originof life

Organicsynthesis

IDateanceventarebasedna geologitnetablaBiotogthescienceil.tresecondditiorhy Rober.wallacelack. KingandGerat@ sanders] ass.i






30 '

5.

S.

Water vapor is considered a greenhousegasbecauseit

A. absorbs heat. . o _
B, condenseso form cloudsthat,in turn, preventsomesolarradiation from reaching

glagrao form sulfuric acid.

Time

A. the greenhouseeffect,

B. what the temperature will bein the year 2000.

C. anincreasan the averageglobaltemperatureduring the last 100years.

D. thatglobalwarming is beingcausedoy anincreasan atmosphericcarbondioxide.

Deforestation is the mass removal of trees from an area. Deforestation contributes to
global warming by

A. reducingthe amountof oxygenproducedduring(%hotosynthesis.

B. increasinghe amountof carbondioxide releasedluring respiration.

C. reducingthe amountof carbondioxide usedby treesfor photosynthesis.

D. increasinghe amountof watervapor releasednto the atmosphereduring
transpiration.

The layer of the atmospherewhere weather rain, snow,wind, hurricanes occurs is
called the 2.

A. thermosphere
B. mesosphere
C. stratosphere
D. troposphere

Ozonein the upper atmosphere protects the earth from the harmful effectsof

ultraviolet radiation
visible radiation light!
infrared radiation

radio waves

OO >



10. Which layer of the atmosphere contains the protective ozone shield?

A. thermosphere
B. mesosphere
C. stratosphere
D. troposphere

Besidescoal, another example of a fossil fuel is

A. geothermal heat
B. wind

C, natural gas
D. sunlight

12. If used more often, which energy source listed below could help reduce the amount of
carbondioxide accumulatingin theatmosphere?

A. electricity
B. sunlight
C. gasolme
D. coal

13. The Gulf Coastmainland is protected from the full force of hurricanes by natural
formations that form parallel to the shoreline, They are called

A. barrier islands
B, levees

C. seawalls

D. spoil banks

Usethe diagramandchartbelow asa referencén answeringquestionsl4and 15.

14. The highest temperature was recorded at
A. noon, outside the greenhouse
B. noon, inside the greenhouse
C. 2 pm, inside the greenhouse
D. 2 pm, outside the greenhouse
15. At what ratedid the temperatureriseinsidethe greenhousdetweenl0amand noon?

A. 1'C/hour B. 2 'C/hour C. 3'C/hour D. 4 'C/hour



SHORTANSWER: Usingyour bestwriting skills spelling, punctuation,grammar
respondto thefollowing statements.

1. Explainthesimilaritiesbetweenearth'satmosphereand a greenhouse.

2. Namethreepossibleconsequencesf globalwarming andclimaticchange.

3, Describehreeactionsthatyou, asanindividual, cantaketo reducegreenhouseyasesn
the atmosphere.



MULTIPLE

EVALUATION

CHOICE:
1 C Cc 11, Cc
2 B Cc 12, B
3 D 13. A
4 D 9. A 14 Cc
5 A 10. C 15. B

SHORT ANSWER:

1.

Similarities between earth's atmosphere
anda greenhousmclude:

~ Theglass plastic!panelsof a greenhousand
earth'satmospherarebothtransparento
solarradiation sunlight!,

~ Light thathits plantsandsoilin the
greenhousgabsorbeshdthenemittedis
infrared radiation;thesameghenomenon
occursaslight hits earth'ssurfacepbjects,
andliving things.

~ Theair insidea greenhouss warmerthan
theair outsidebecausmfrared radiationis
trappednsideby theglasspanelsof the
greenhouseln a similarway, theair around
theearthis kepfwarm becausearbondioxide
and othergreenhousgasesabsorhinfrared
radiation heat!,preventingits escapeinto
outer space.

Possibleconsequencesof global warming
andclimaticchangeinclude: Refeto
Backgrounidformatiofor further
explanation.!

~ Sedevelisewill caustioodingossof
wetland habitats, and saltwater intrusion into
drinking supplies.

~ Severaveathemayincrease tropical
storms,hurricaneswinter storms,drought.

ANSWERS

~ Moreforestfires will occurduring droughts.

~ Agriculture patternswill change.
> Biodiversity will decline,

Many individual actions can help reduce
greenhouseemissions. Referto fhe
Backgroundnformationon page8 forpossible

answers,

t33
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overpopulation and overpopulation in other
species,though, is that human» have beenable,
through ingenuity and the development of
modern technology, to delay natural adjust-
ment.

Otherspeciesrenot soadeptat modifying
their environment. When their populations
exceedthe habitat's carrying capacity,disease,
famine, and sometimes violence cannibalism!
occur to bring the population back into balance.

By examining overpopulation in Gulf Coast
speciesother than humans, students will be
ableto understandthe corisequencethatare
possible if the human population continues to
grow exponentially. Thev will also learn that
the painful adjustmentdor overpopulationcan
be avoided if humans act now to stabilize
population growth and use earth's resources
sustainably.

The Background.Information and Activity
suggestionsthat follow will be helpful in dis-
cussing population conceptsand issuesprior to
viewing the video and in guiding students
toward logical and meaningful conclusions
throughout the viewing and postviewing
activities.

BACKGROUND INFORMATION

Everythingls Connected

Somesay that the First Law of Ecology can
be summarized in the statement "everything is
connectedto everything else." This truism is
evident as one considers the number of inter-
dependent relationships that occur within an
ecosystem, The term ecosystemitself reflects
connectednessfor it is defined asa placewhere
living biotic! things interact with eachother
and v ith their nonliving abiotic! environment,

The organisms that inhabit an ecosystem
canbe separatednto smallergroupscalled
species. All the members of the samespecies
that live in the ecosystemcomprise a popu-
lation, and the specific areawhere the
population lives is called its habitat, All the
variouspopulationsliving and interactingin
the ecosystemform a community.

Interactions in an ecosystemare of two
types. Onetype occurswithin or between
species.Theothertype occursbetweenorgan-
isms speciesandthe nonliving environment

air, water, minerals, weather, etc. These two

types of interactions provide a meansfor both
survival andbalancedoopulationgrowth
among the ecosystem'sinhabitants,

Somecommunity interactions include:

~ Thetransferof thesrtn'senergJrom producers
toconsumers Photosynthetic plants and
algaeproducefood usingenergyfrom the
sun and inorganic materials carbon dioxide
and water! in the environment. Herbivores
eatplants and they, in turn, are eatenby
carnivores, Scavengersand decomposers
detritivores! eator break down organi»ms
aftertheydie. Thesanterconnectedeeding
relationships in an ecosystemform food
chains and food webs. The energy trans-
ferred asfood at eachjunction in the chain or
webfuelsthe life processeggrowth, repro-
duction,movementetc.!in the consuming
organism.

Many
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~ Predator!preitvlatiortships One animal the
predator! kills and eatsanother animal the
prey!. In this relationship the predator
obtainsfood andthe prey populationis kept
at a level the ecosystemcan support,

~ Compctitiou Members of the »arnespecies
or different speciesvie for the samehabitat
needs food, shelterwater,spaceetc.
Competitioninsuresthatthoseorganisms
most suited to the environment will  survive
and provide offspring for the next

generation.

~ St]ntbotic relationships Two different
speciesive togetherin a closelong-term



association. A classicexample of symbiosis is
the algae-fungi association known aslichen;
the fungusprovidesa moistplacefor the
algaeto live andthe algaeprovide»nutrition
food! for the fungus.

In»orne»yrnbiotic relati<>n»hipdpoth species
benctit mutuali»r!, in others one benefits at
the expenseor harm of the second para-
sitism!. In the third commen»ali»m! <>ne
speciesbenefits and the other»p«cies is
neutral  neither hclpcd nor harmed. I'hese
relationship» allow at leastone ot the par-
ticipating speciesto live in an «n>ironment
that would otherwisc hc inho»pitahle,

Someinteractions bet~veenrliving things
and the nonliving «nvironment include:

~ Cy<lingf»r»teli<sibxess<iigife water;
oxygen, carbon, nitrogen, phosphorus, sultur,
etc. Thesecyclesare called biogeochemical
cycles becauseorganisms pr<>ducerand
consumers! interact with the air, water, and
soil of earth to recycle the chemicals.

~ Uieofsol<i'»<.'rgb Organismsu»cinfrared
radiation for heat and x isiblelight f<>wision
and photosynthesis.

~ U»<Ofr<>»i<  Wat«ris a major component
in cellsand is a transport medium in all
organisms, Surfacewater lak«»,rivers,
estuaries, etc.! provide» habitat for many
species.

~ ll<fakefor<leelpro»!tlle»ir or fl'o»lth»rent<'r
Most organisms require oxygen to chemically
break down food to releaseenergy for life
proces»e».

Generally, the earth is considered a closed
systemsothe sub»tancethatarevital for life
are finite in limited supply. 'I'hat meansthat
all the rnatter that mill ever be on the earth is
here now; no materia! is being created,and
none is being destroyed; it is merely changing
form the Law of C:onservation of Mass! a» it
cvclesfrom elementsto organisms then,
thn>ughdecompositionbackto elements,

Some ot the interactions previously
described in»ure that these finite»ubstancc»
are rccvcled and reused generation after
generation.

The conceptsot finite resourcesand inter-
connectedne»»among»pecies are pivotal in
understanding th« impact of oi erpopulation on
an ecosystem. When more resourcesare used
by one group, lessare available for <>th«r
organi»rnxandfor thenonliving part of the

«nvironment,

Sinceeverythingi»interconnectedif one
part i»depleted,v eakenedpr missing,balance
is In»t and the entire ecosvstern suffers,

Limiting factors generallv keep eachspecies'
population grov th in check,

Growth Patterns in Nature

Thegr<>th rateof a populationi» deter-
mined bv three factors birth rate, death rate

mortality!, and, if the organisms are mobile,
rni gration.

Birth rate is the number added to the
population thr<>ughepr<>ductioduring a vcar
per 1000individual», Death rate, is the number
that die in.a population during a yearper 1000

individuals,

For most animal groups, migration the
movement of individuals into or out of the
population in a gii en area! also affects popu-
lation size. A population of raccoons,for
example, mav he increasedby individuals
moving into the habitat from another place-
irnmigration  or decreasetdy individuals
leaving the habitat  emigration,

~High birth ratesand immigration serve to
increase& populationm bilehigh deathrates
and emigration reduce population size.

Additionally, a number of habitat condi-
tion» atfect birth rate, death rate, and migration,
Theselimiting factors in a habitat ~ hich often
hinge on the interactions listed in the previous
sectionlhelp keeppopulationsizesin check
equalto ~hat the habitatcansupportwith its
rc»ourc«». They include thc amount or type of:

~ nutrient» I'<>od!

1

fresh water

l

lixing space

1

m i ncral»
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~ interacti<>nwith otherorganisms predation,
competition, and svmL>io»il

+ climate and weather precipitati<>n.tern-
perature, wirtd, and we>ther events»uch 1»
hurricane», tornadoes, and | loods!

~ disease

| opulation sizeis dynamic contirlulally
changing! aslimiting fact<>rin the.habitat
change from seasonto»»a»onand vear t<w«ar.
When habitat conditions are fa~ orabl« for
gr<>wtha p<>pulationincrease» put u hen f'ood,
wat»r, and spacebegin to gro>~scarce,or
adverse weather condition» o:cur, death rate
increasesand the population size declines.
Onc» the habitat recovers,a period of gro>\th
begins again.

Limiting factorsdetermine th«carrying
capacity of a habitat  the maxi>numnumbx»r
of individuals the halLnitatan support.
Generally, a species'populati<>r«ize fluctuate»

risesand falls! asthe carrying capacity varies.

A population that «h<>wthi» fluctuating
pattern around the averag»carrving capacitv of
the habitat is said to be in dynamicequili-
brium changing but balance ! w ithits
environment,

0 Average
Carrying
Gt Capacity
[0}
Time ~

Growth pattern for a population in dynamic equilibrium
with the environment.

A different growth curve forms >vhena
population i» not being aff«ctedbv limiting
factors, Becausenothing imp»d»s its gro>vth,
birth rate is high, mortality i» low, and the
numbx»r of indiaidual« in the p<>pulati<>rn
increasesbv a large percentageeachg»neration.

Exponentialgrowth i««irnilar to the
growth of money»arning int«r»«tin a»aving«
account. The haseamount grows hy a certain
percentage eachtime the intere»tis
compounded, Although the irutial amount may
be small, and growth may be slow at first, oi er

a period ol time, the sum irr the account grows
quit» larg», it no mon»v is withdrawn.

The graph of a population growing expo-
n»ntiallv slowly begins to curie upward then
suddenly bends and goesstraight up to form a
I-shape.
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Applying that arialogy to a population,
consider that a pair of field mice migrate into a
meadow where there are.no other mice and no
mouse predators  snakes,hawks, cats,»tc.
Fo<>d» abundant and placesto f'ind shelter for
protection and n««ting are plentiful.

At first, the population increasesfrom the
offspring <>the pair alone. Fieldrrricg<'rrcrally
[>rodrrc€Arrr>igs<'ditter rrs<ifrrrrirrrr>oyto 17
litt<'r. I>eml<'rrr tirntsI>ot<'rrtintlR2021>nI>wlie<'irr
<>>B>"rrr'fr'<smrir.'! But, once offspring begin
to r«ach r»productiv» maturitv between t~ <%0
three months after birth!, and have litters of
their <>wnthe rrumber of mice quickly swells.
Bv th««nd of > v«arthe populati<>nwould be
in the thousands and the meadow would be
overrun with  mice!

Examplesof »xponential growth in popu-
lations  include:

~ mold growing on a pieceof bread
~ weeds gro~.ir>gin a newly plowed field

~ an exotic «pecie»in a habitat where resources
are abundant and predators are few zebra
[Ylu»selsand rlutrra!

~ the current worldwide grossth ot the human
popu lation

Ultimately, all populations are controlled
bv some limiting factor.becausethe resourcesin
any habitat are finite. When the number in a
populatk>rexceedshecarrying capacitv,
famine,starvation,diseaseand violencemay
result in a declineor crash of th» population,



Lrnfortunately, the natural corrective action
sometimesomesaftermuchdamagehasbeen
inflicted on the habitat by the population
growing out of control, The current exponen-
tial growth and overconsumptiorof resources
by the human population isa casein point,

Human Population Growth and
Overconsumption

Thegrowth curve for Ho»tsapie»gnodern
man, reflects the classicexponential pattern. It
is estimated that 25,000years ago humans may
have numbered about three million. Over the
next15,00@ears until the er>f thelastice
age,about10,00§earsago!,populationgrowth
wasslow indicatedby thegentleslopeupward
in the humanpopulationgraph!. Theestimated
humanpopulation 10,00§earsagowasabout
five million. However, the population has
increased  at an accelerated rate since that time

5,000 yearsagoit reachedlO0million andby
1850 AD it was one billion.
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Abouttwo hundredyearsagothe human
population'sgrowth patternbeganto turn
straightup forming the characteristid-shaped
exponential curve,

~ By 193Ghe world populationhad doubledto
2 billion.

~ By 19755 yearslater!it had doubledagain
to 4 billion

~ In 1995the population was 5.7billion.

~ At thepresentgrowth rateof 1.7",peryear,
thehumanpopulationis expectedo reach
billion by theturn of the century.

Thereasongor thischangefrom slow,
stablegrowth to exponentialgr<>wtlarewritten
in the social and economic history of man.

difference between the

number ot births and deaths if the birth rate is
higherthanthedeathrate,the population
increases;if the opposite is true, the population
decreases!. Limiting factors irr the envir<>nment
influence both the birth rate and the death rate.

Ho»>s=rpr<op5,000/earsagolived as
nomadic hunter-gatherers. Weather conditions
wereharsh iceage!andthe availability of food
varied seasonallyl'oor nutrition anddisease
result»d in high death ratesthat kept the
average life span at about 28to 30years.

Birth rates, on the other hand, m erelow.
Studies suggestthat femalesin prirnitiv»
hunter-gatheresocietieslid not reachchild-
bearingageuntil 19or 20. Childrenwere
breast-fed for three or four years, and during
that time, the ~ omen did not ovulate. This
increased the interval between children and
therefore reduced the birth rate. Since birth
ratesand death rateswere about equal, the
populationgrew slowly for 15,00Qears.

Approximately 10,00§earsago,H<rrrro
sapierrbegan to raise animals arrd grow crops;
agriculturalcommunitiesreplacecdhunter-
gathersocieties With this changecame
improved nutrition, longer lite span, and higher
birth rates. The population curve beganto turn
upward.

Growth rate increased steadily until about
200yearsagowhenthe Industrial Revolution
togetherwith advancementi scienceand
medicine drastica]ly changed human society
and its relationship to nature.

+ Peoplebeganto leavethefarm and clusterin
cities to work in factories; in industrialized
nations, a more affluent middle class
developed,

~ Communication and transportation advance-
ments allowed the sharing of ideas and
goods.

~ The cause of disease wa» discovered and
vaccinesand antibiotics ~ ere developed to



control or. eliminate once fatal disease»
small pox, diphtheria, tuberculosis, etc.

~ Improved agricultural practices the useof
commerciafertilizersind pesticidesandthe
inventionof modernfarmequipment
increasedfood productivity. Human
nutrition improved and fewer died from
famine and starvation,

~ New methods of solid waste disposal and
sewageand water treatment provided better
sanitation and living conditi<>n».

Theseexamplesrepresenta few of the
advancement@ scienceandtechnologythat
haveimpro<ed humanliving standards,
driving thebirth rateup lessinfant mortality!
and the death rate down increised life span!.
The increased difference bet<veen birth and
death rates has, in turn, acceJerated the
population growth rate of the last 200years.

Fortunately, the needto reduce population
growth hasbeenrecognized by people and
governments worldwide. Population statistics
are beginning to show decreasedbirth ratesin
most  countries.

Overpopulation, however, is more than
just a problem of too many individuals, These
individuals areliving longer and, therefore,
placing an increaseddemand on the earth's
finite resourcesby consuming more food, water,
materials for shelter, and fossil fuels.

Plus, humans now useresourcesfor things
other than subsistence. For example, grain, the
basicingredient in bread, is also used to make
shacks,fuel, and pet food, while oil, the basic
ingredient in gasoline, is also a major ingredient
in plastics and synthetic fabrics.

Although the rate of population growth in
some nations hasbegun to level off and in
some casesdecline!, the rate of consumption i»
still gro>Ang exponentially. Peoplein de-
veloped industrialized! countries, especid ly
the United States,are consuming a dispro-
portionate shareof the resources. A child born
into a middle-class American family, for
example, will consumein his <>her lifetime
twice the amount of food an«i five times the
amount of ener~ asa child born into an
averagefamily in a developing non-
industrialized! country such asIndia.

Both problems, rapid population growth
andoverconsumptionarecausingstreson
earth's life support systems biogeochernical

cycles,food webs, ozone protection. As the
human population increases,demand for
earth's resources of water, food, materials to
build shelter, fossil fuels, minerals, ar>dspace
also increase.

With the increased use of these resources,
rn<>rgollution occurs, more habitat becomes
degraded or destroyed, and more opportunistic
speciesdominate at the expensear>ddecline of
the lessaggressivespecies.

Theseforms of stressare evidenced by the
environmental problems discussedin previous
ProgotTell<igiodules:

~ De«li»hrglriortirrersity causedby
habitat degradation from pollution,
deforestation, residential and
commercial development, wetland
drain-and-fill projects, and the
introducti<>nof exotic species.

+ O. o»edepletio»  from the release
of chlorofluorocarbons used to make
products such as Freonand foam
packagrng.

~ D<'pletiosof agw»ifirs  asground-
water is pumped for crop irrigation,
industrial use, and human
consun>ptionfaster than it canbe
renewed through the water cycle.

~ Poll«tiorrof s«rfacaoaters  due to
fertilizers, pesticides, and t<>xic
substancesfrom agricultural,
residential and industrial  runoff and

dumping.

~ Air poll«tion  from the burning of
fossil fuels in vehicles, factories, and
power plants.

+ Possibl<<;lobakvar»ri»@rrd<:lir»ati«
«har<g» from the excessiverelease
of heat-trapping greenhousegases
into the atmosphere.

~ Theerosiorofsoil a>rdlepletio»ofits
»«triexfs  thxough poor
management of agricultural and
forested area».

~ Ov<irfishing,00erh<urtirrgan</
or'er;<,raii asdemands tor food
and recreation increase,the world' s
oceans,forests,and grasslandsare
depleted,



:Vlanaging Population Growth and
Consumption

Continued population grov th and over-
consumption have placed man on a collision
coursewith limiting factors in nature. Some
demographem, people who study population
dynamics, predict that the earth's simple
carryingcapacityfor humans maximum
number for which it can meet basic needs! is
between 10 and 14 billion.

However, if the planet is stressedwith 5.7
billion people, what will be the impact of tv ice
that number? What will the living stand.ardfor
humans be like with that many people
competing for resources?

If humans aretruly wise, asour species
name, sapiensimplies, then we must each

~ recognize the limits imposed on all of us by
exponential human grov,th.

~ encourage people to slow population growth,
~ manage our resourcessustainably.

Individuals can help sustain resourcesby
reducing v asteand overconsumption. As
consumers,they must make consciouschoices
.0:

~ Buy reusable products rather than disposable
ones.

~ Reuseor recycle packaging items such as
VvV rapping paper, grocery bag»,ribbon, etc.

~ Buy products made from recycled materials.

~ Trv to drive less. Plan meals and other
household needsto avoid multiple trips
during the v eek to the supermarket; walk,
bike, or carpool as much as possible.

~ Compost yard clippings
to produce garden soil
rather than buying it.

~ Use water wisely,
without waste.

~ Use pesticides and
fertilizers as instructed
on the packaging to
avoid excess in runoff.

~ Think of ways to redu
energy used for coolin
and heating. I'lant
trees to shade
property and help
reduce cooling
costs.

~ Wear extra clothes when it is cold so the
thermostat can be set lov er in the house, at
school, andat work.

~ Beforebuying, ask the question, "Do | need
this, and will | useit, or do | just v'ant it?"
Practicebuving more of what is neededand
lessof what is simply desired,

FFo~renpierisjust like any other species,are
subjectto limiting factors in the environment,
but they have some power to manipulate those
factors. 'I'his power can be used to sustain life
on earth at a comfortable level, or it can result
in.a declinein the quality of living conditions.

Life aswc know it could end if people do
not take stepsto conserveresources. It also
could end if the exponential increasein popu-
lation v orldwide is not recognized and
controlled. If waste and consumption are
replaced by conservation and wise use, exist-
ing resourcescan support the Ho>!r@apieu
population for this and future generations,

TEACHING SEQUENCE

< Qg Previewing

Questions and
Answers

1, Divide the classinto cooperative learning
groups and have them answer/brainstorm
the Previewing Questions given on page 1U.
[20 minutes]

2. Discussstudent responses, Emphasize the
meaning of the follov ing vocabulary terms
during thc discussion: ccosvstem,species,
population, community, producers,
consumers, detritivores, competition,
predator/prey relationships, symbiotic
relationships, and habitat, [20minutes]

3. Collect the previewing questions and
answers; question 0 4will be the basis for
aclass discussion at the end of the module.

[5 minutes]
| /Il BegitheVideand
Do Activity |
Watch the video until instructed bv thc
narrator to pause for Activity |I: Ratsand
Armadillos in aSalt Marsh Habitat.
[10 minutes]









Limiting factors: Conditionsin a habitat
which control the rate at which popu-
lation sizechanges. Availability of
food, pollution, adverseweather
conditions,diseaseareexamples.!

Migration: Themovementof individuals
into or out of an ecosystem.

Non-industrialized developing! countries:
Nationswith agriculturaland small
manufacturingeconomieshatare
striving to provide for mostpeople's
basic needs{cleanwater, food, shelter,
space!.Healthandwelfareservicesare
availableonly to afew at thetop of the
economic and social ladder. South
Africa, Kenya,Asia,Mexico,andmany
Latin American countries are examples.!

Overpopulation: When a population's size
exceed#s habitat'sability to supply
enoughwater,food, shelter spacepr
otherrequirementdor survival.

PREVIEWING QUESTIONS AND

AN

1.

+SO

SWERS

An ec<>systeris an areawhere living things
plants, animals, microbes, etc.! interact
with eachother and with their nonliving
environment  water, air, zninerals, soil, etc.!.
All the members of a particular species
living in an ecosystemat the sametime
make up a populati<>n.All the different
populations in the ecosystemcombine to
f<>rm a communitv.

a. Name ten different p<>p<.<latiupsu
would expectto find in a pond ecosystem
of the Gulf Coastregion. Yeasspecific
[commor<names[ a»possible.

Answers will vary, Encouragestudents

to include producers, herbixores,

carnivores, and detritia ores. For
examplebaMcrflrresseesalg<zdzzckzziee<f,
zontetilies, szzn, grassihrirrzir <frag<-hiés,
zrzos<lz<itagmno<zgarcheatfisldass,

Population: All members of the same
speciediving in particular areaduring a.
specific time.

Predator/preselationships: 9ne animal
serves as fqod for another animal. The
predatorkills and eatsthe prey.

Producers:Organismghat maketheir own
food aufotrophs!.

Species:A group of similar organismghat
interbreed in nature to produce fertile
offspring.

Sustainableuse: Usingearth'srenewable
resourcesin away that wiU neither alter
nor reducetheir availability for future
generations.

Zero population growth; When growth
stabilizes in a population becausethe
number of births equalsdeaths

«>nteli»OCCaSiiigfinrrZOrr<t-b<ZATAfi<SiiakeS,
I»<I1frOgS<Z aiirairS{€O»zrii@gretsgreat
biz<dzero»s, i<a<i<i<iz<cksp<<tria, »zi<skr<zts,
raccoorzscrnz<>fismrzdbacterin,

b. Describe some interactions that might
occur between these populations.

~ F<r<inteznetianS SnailS<'ablgaeperch
e<Zfri<iilsy'<Z«zOr' dter'Clilracferin
6<coxilrosall of theseorgnriis»isaftezthe</

<iji<.

~ C<»ripetltzozz Meirzbevsfthes<zzigpecies
COrrri><idi eneh>thdOrf<iOQZZ4ily aird
ZreSfir §p<zea@SylvrinteSSOir»efiieS
»iezizlierof <lifter<'rgp«i<'s< ozzztfetetlze
sn»zgo<rdslrnc<aizdshelter egretsa>z<f
bli<her<!rd&®threaffiSh,frOgSSrz<zkas7

< kzzafish,

~ C<7<zlzer=z$® 0zzigpecieprovi<lesheter
fOl<rthe®peereSOOOXIlliikSri<'Sin
czgresst r«'i.



c. Name someways that the nonliving
environment  soil, water, air, climate! and
the living environment interact.

Answer» will vary. Encourage students
to think back to previous ProjectTellus
modules  for answers.

Plrzrztezrzgrig<wesecarbordroxr<tegrrrter
and znineral$ronr theporrdto»rakefood
Irtzotoszthresis!.

~ Most orgcrnisnrinkein I>rcnthebv<tgefrom
the rrir or zoater,

~ Plarrtsreleasexrtgen<<tah»zoate>-arzd
nt»<ospherurirrg plrotosynthesis.

~ Solarenergyprovidedight for. phot<rs<trzthesis
nrrdinfrnred rndratiozto <varrrtheenkt'h.

Name at least four resources or conditions
that a habitat must supply for plants and
animals to survive. What would happen if
any one of theseresourcesor conditions
becamedepleted through overuse or
degraded through pollution?

Answers should include some of the
following: food,rr>ateslracepxygenplaces
for shelterarzchiding tfor arzirrrnislight nrrd
soil rnirzeralsfor plarlts!, szrit<rbblim rte,

If a corzdion r<'ct«irefbr survival zoaslepleted,
f etveri zdvidraiscoud survir>e t ftheresarce
<air«ventsgil! <oastegradedhespeciegoorrid
eitherdieozrtbeconrer><'atr if rrrolrilenzigrate
to <rnezriocatiorz u>hereconditr'orzs zoerebetter.

Consider the following scenario, A large
ship-buildingcompanyplansto build a
factory on someland along the river just
outside your town. A thousand new
families will be moving into the area, How
will thesechangesegativelyaffectyour
communi ty? Consider social, economic,
and environmental effects.!

Write "more people" on the chalkboard

then have students offer ideas about how

life in the town would change. Use arrows
pointing away from the central theme
"more people" to list the ideas on the board.
If one effectis an outgro~-th of another, link
the tv owith an arrow as shown:

~ more noise
more cars
it<ting

wer trees
more trash
less biodiversity

Answers are numerous some suggestions
are:

~ more noise ~ dirtier  water

~ more trash ~ crowded

~ mor« traffic schools in

~ more pollution the fall

~ lessavailable housing ~ more building
ferA er tree» ~ crowded

~ less animal habitat recreational

~ more crime sites

List 10things you would like to have, to be,
or to have done by the time you are 30years
old,

Answers v ill vary. List some of the student
responseson the board. Tell students that
they will have a chanceto add to or take

av ay from the list at the end of the module.

Collect the previewing questions and
answers; question * 4 will be the basis for
aclass discussion at the end of the module.

POSTVIEWING QUESTIONS AND
ANSWERS

Ground level ozone is emitted from indus-
tries and vehicle» that burn fossil fuels, This
type of pollution interferes with photo-
synthesisin plants when ozone levels are
high, plant growth decrease»,How would a
reduction in plant grov th affect other parts
of afood web?

Fe<z>@ants zoo<rid»avainblfor hcr'bivores,
thereforgherezr>ozriblesspreyfnr predrrtors
carrzi<>ored\]l popzrlatiorzsr thehabtat
zoozrlddeclirzebecauseall are directirt <rr
irrdirectlrta'ependerdrrtheerrergystoredrr
thefoodthat phrntsnurke.

Namesomewaysthat thehuman popu-
lation hasnegatively altered earth's
environment.



Responseswill vary, The following area
fera suggestions.

~ Habitatslie><lieelidegr<>dednasfdiceto
i>IcInstrini, residerrtial n>rdny~risclfiiral
d ' <clop»rewifn!'enghcrik 'cepre 'ioz slit
fc?restz < tied!ISJnec dOZc48,

~ Exoflcsi>etedicz<l@«"Sizit)'odiedf liatoret-
c<?>J>petzfapeciesfdoc>d|?aca,/zd
slic'lfer, tI>i s zoecrke!zi'zdlc esfczblishe<l|
coos fsteiiis. AJ<;<>>fiie fire airt', ilictrin,
c'bra»rzcsselsg dz!aqp>ra ~ntdreyaci>ztirs!

~ Whnterpollz!tio>fro»ii>rdiistrial, Jesicle>>fiat,
aridng>iczritz rnk >>ofifasledtc2hedecline
Of» <z>aelcatigilid>J>hi>Hp<'Ci<'S,

~ OVeVC<7>Z3Dv@H>VO! rrdr f@ti'ri-
gati>zpropsilzdzcstvirdsc.g>zeeside>ztinl
piirposeshasledtczc<c>tdeortng-adzsl
ctel>fetedl!ifers! i so >arc'czd thezvorid,

~ TheeXCeSS0dniSS!Qifg~><.enh<g~8seS
pOSSIl>C/ Sigthecr l.vc>k>arid< >ide
<'ai'i>i>JAfy'l>d,

H<iw have industrialization and human
population growth causectthe environ-
rnental problem» mentioned in question 12?

~ As fthelli »ia>popi iafi<iigrnzvspeople
re<| cire»mwatireea?'th srifPofloafer;
food,spaceandsiielter. Tizisved«cesire
c>1!loi!>d7z>ailciilefh<'si>ac!<z>id,
fherefor'deadsto decibZit; |?iodiz~evsi

~ BOC<zrB8ESpOrtatiObetZ reerQi»<»tSs
coJ>i>no=toticspecieB>id tireii 1 nzinto
oreiy»3!abitnts»ioreasil<l.

~ Tlzenniozi>iof pollictioxfr<?»pzdiitrig,
agriciclti re,aizdresideiztiahreas Jzcrenses
¢ ShepOpi lati<Yvk! OS.

~ Morepeoplaiearrsi<irec?z »'>oftgssil
f«eL40Si ppl bner'; fOrfra>ZSpOrfa 'iO>i,
»iaiirifaetiC>ingyrrda vicz tiive. ThiS
i >z<.reagbse>zh gasc'srzhentrrrospitere,

Discus»question.*4 from the Previewing
Questions.

~ Retr rli the Pre i<'zoilry®rce'tio>i»arrd
Arrsz erStOtire StirdcirtS Z>1sll0Z n fern
>rzirilfefor sf>!dexfsRez~idzei>.
aspirntions <zclor tnk<n«>ct !.

~ Dra<! 3coli»rlis oli the boavd.

~ List thesticdeirtrcsp<r>isaistirefivsf coliciriii
a>idrail>tireresiciféor encls ggesfiori the
seco?id the >zic>nbethnt <oarita car, VCR,
sterec>TV, boat, hc!nie,childrerz, zoealth,
healtlr,n <le@feo»i cofle<?m c'nfclii>izeox»t
ez~<rhzigirfiravel to foreigncoi ntries,etc.!

~ Havetile classciecideel'etherachvespolises
ci "r><Z>rt"Ovn ">iced."  Write the CO>JSe S!iS
z>rfir[" fizz!I'd col>ilJr Jz.

~ Haze<'ac4lir dent!'dentifiitliree "zcalits"
frolJzirelist tiiaf s izelz 'oiclderoilli»<itodo
z lifhozgkiorderto beconidessccinszc!reptive
EIZCO rnthe!lito ref>criffOnithOSéhree
coilsicxtive behaz>iord>i Jrghe co>rzg
z vek.

EXTENSIONS

"Earth: the Apple of Our Eye" modeling

the earth's finite land resources:

+ Show vour students a globeora poster of
the earth in space. Emphasize that the
earth is a closedsvstem z >ititheexception
ofs<?lax>i<rgever tthilrgs cor fai>red
Z <itizithel?Qdtda!l ofeartir'sat»r ispl>eve!
with finite resources water, soil, min-
erals,and air are in a limited supply!.

~ Tell the students to think <if the earth as
an apple.

~ Using a kitchen knife, cut a large apple
into quarters. Setasidethree of the
guarters and ask, "What do you think the
three quarters represent?" Ocea>z<'e!
three-foz rtirs?ftheearti 'ss>crfcice.!

~ The fourth quarter representsall the land
area of the earth. Cut this "land" in half
and setaside one of the pieces. The part
setaside representsall the land on earth
that is inhospitable to humans  polar
areas,deserts, very high or rocky znoun-
tains, Ask, "What fraction of the whole
apple earthlisleft?" f11'8

This 1!8portion r<'preselitdreInlid < >here
pc'oplen live, I?nto!>1>pnrf of flic In»dcaii
Ire isedogr >Zcod.



~ Cut the 1/8 pieceinto four sections. Set
asidethreeof thesepiecesand ask,"What
traction of the apple earth! is left?"
/32!

Ask studentsto suggestvhat the other3
piecegepresent. Theyr epreseareaghat
aretoorock[<n>etcold,steeporrt>ithtoopoor
soiltoproduc®od. Theyalsarepreserthie
citieshighrrarlsshopprgeetters school»,
parks,factoriesparkir rgofs,arrdotherplaces
n>lrerpeoplé’el>rrdorrogroufood.!

~ Carefullypeelthe 1/32 sliceof apple,
Show the students the verv small, thin
peeling. It representshethin layerot’
earth less than five feetdeep upon
which humans depend for growing food.

Agricultural advancementsfertilizer,
pesticidesmachinery have enabled
the world to feed many of its people.
But, with a fixed land re»ource and an
ever-increasingumberof peopleto feed
from that land base,eachperson's
portion becomesmallerand smalleras
the populationgrows. Additionally, the
land can be made unusablc through
pollution anderosion, Becausearth's
land, water, and air are finite, it is e»sen-
tial to protectthemfrom pollution and
overconsurnption.

[Adaptedandreprintedwith permissionfrom
For Earth'sSakel essor>sitel>rrlatiorarrdthe
Errr>worrrrre>ZeroPopulation Growth, Inc,,

c 1989. 1400 Sixteenth Street, NW Suite 32,
WashingtonDC 20036]

Comparedeveloped industrialized! and
developing non-industrialized! countries:
Network  with social studies teachers to
have student group» researchand compare
two different countries one indus-

trialized the other non-industrialized.

~ Divide the classinto groups,

~ Have eachgroup researchand write a
reportcomparingthe resourcesind
living conditions availability of food,
clean water, housing, clothes, medicine,
education, and employment! in two
countries one a de>eloping third-
world! country andtheothera
developed industrialized!country.

SeeVocabulary definitions for
examples in eachcategory.!

~ Have them conclude the report by
»uggextingvaysthat developedcoun-
tries canhelp developing countries
advance their stanclardof living.

Haveeachgroup presenttheir findings
to the class.

~ All~>w time for the class t<>discuss the
prosandconsassociatedvith the
suggestion»for helping developing
countrie»  money, technology, tax
breaks on their exports, »ervices
provided by governmentI-'eac€orp»!,
religious», or private agencies.

3. Waysto "reuse:" Manyhou»eholdtems,
which are usually thn>wn away, can be
reused. Reusingtheseitems helps decrea»e
oi erconsumptiorby reducingthe demand
for newlv  manufactured item».

~ Have the class brainstor rn ways to reuse
eachof the items belov'. Encourage
them to be creative  no suggestion i»
too absurd. Ask them to suggestother
items for the list.

plasticcontainersand lids from foods
such asyogurt and margarine

coffee cans and lids

bab>foodjarsandlid»

35mm film canisters and lid»

toilet paper r<>lI»

paper towel rolls

paper bags

plastic shopping bags

shoe boxe»

small boxes with covers

popsicle sticks

ribbon, yarn, »tring

rug scraps

cardboard oatmeal boxes

clay or plastic flowerp~>t»

Encourage the students to begin a
reduce, reuse,recycle, repair campaign
in their homes.

4. Math: If the world's human population i»
5.7billion 996!, and it i» growing at an
annualrateof 1.7;0by how manywill the
populationincreasenextyear?

C!



,700,000,000 people x 0.017= 96,900,006
96.9million additional people!

I'opulation explosion: It took from the
beginningof humanhistory until 196Cor
theworld populationto reachthreebillion.
In lessthan40yearsthat numberhasalmost
doubledto5.7billion, Th»humanpopu-
lationis growing exponentially increasing
atanacceleratedate fromyearto year!.
The4 minutevideo entitled World'op><lo-
tion powerfully illustrates the human
population's growth and distribution from
| A.D. to the year 2020.

After watching the film, have the students
discusswaysto reducethe growth rateof
thehumanpopulationto attain zeropopu-
Jationgrowth. TheProg'cirellugeamis
NOT advocatingthe following measures,
but merelypreparingthe teacheffor ideas
that studentsmaymention prosandcons
shouldbe discussedor anv suggestion.!

~ medical means

~ adjustingreligiousdoctrinesconcerning
family planning

~ government restrictions on the number
of births allowedper family

~ adoption asan alternative to
childbearing

[The 16 mm film or | /2" VHS video can be
obtainedby contactingZeroPopulation
Growth ZPG!, 1400 16th Street NW 1320,
Washington, DC 20036. The costis $29.95
plus $3.000or postageandhandling. The
film is oftenavailablethroughcounty,
parish, or regional school board libraries.J

6. Prepare a newsletter: Have students work in

groups to compile a newsletter reporting on
the effectsof humanpopulationgrowth on
naturalresourcesn your state or the Gulf
of Mexico region!. Eachstudent in the
groupwill beresponsibleor researching
andwriting anarticlereportingonone of
the following:

~ water shortages

~ water pollution

~ habi tatloss

~ decliningbiodiversity
clirnatic change

~ air pollution

~ deforestation

The newsletter may also include adver-
tisementscartoonsan editorial, cliagrams,
and graphs.

If your schoolhasa computedab andaccess
to a desktop publishing program, network
with thecomputerteachettu hai e the
students format the newsletter in the

computer lab.

Displaythe newslettersn aprominent
place schodibr«ryfront hall,cafeteriagtc.!
sotheentirestudentbody,faculty,and
administrationwill beimpactedby the

news.



ACnvIrY [

RATS AND ARMADILLOS IN A
SALT MARSH HABITAT
Teacher Instructions!

Objectives

~ Topl<>&ndinterpretgraphsof two animal
populations.

Tocompare a population changing in
dynamic equilibrium with r>negrowing
exponentially.

~ Todescribe factors that may limit
population growth.

Description

Thisactivity is basedupon a hypothetical
but believable situation in a C'ulf Coast salt
marsh habitat, Th» purpose of the activity is to
demonstrate that populations living in the same
geographical areaduring the same 10-year
period rnavshowdifferentgrowth patternsdue
to differing setsof limiting factors. Students
~ ill plot populationdataon two species
marsh rice rats and nine-band«d  armadillos.
Thegraphof therat population~ ill showa
populationin dynamicequilibrium changing
but balanced! while the armadillo graph will
showa populationgn>wingexponentially,
Studentswill usethe graphedresults, back-
groundinformationin their instructions,and
teacheinput, to answerquestionsand make
inferencesconcerning the two populations.

Thefollowing information <>tth» two
speciewill behelpful in guiding students
tov ard logical inferences.

Backgroundinformation

The Cul f Coast'ssalt marsh ecosystems
provide x aluablénabitatfor numerousspecies.
Amongtheinhabitantsot this grassyyet
environmentarepopulati<>ns>marshrice rats

Or~]zo»>rtsal»striabnd nine-banded irma-
dillos Dns>tJ>t>s>r>e»ebths!.

) The marsh _rice rat is asmal_l-six«d rodent
with populationsvell establishethroughout

the .ulf Coast states. As their common name
implies, theyprefergrassywet areassuchas
marshes,ditches, fields with damp soil, and
edgesof lakesand streams.Theyfeedon
aguaticplants,se«dsinsectsandcrustaceans
such as small crabs.

As with most rodents, th«serats are repro-
ductivelv aggressive A femalereachesexual
maturity appr<>ximatef0Odaysafterher birth,
After that time, shemay have.up to sevenlitters
pcr year,averagingfour to five babiesper litter,
Although prolific, ricerat populationsare
generallykeptin checkby their numerous
predators owls, hawks,andwater snakes.
Becauseof the high rate of predation, the
averagdife spanfor a ricerat is approximately
r>ne vear.

Comparedo thewell-«stablishednarsh
rice rats, armadillos are newcomers to the Gulf
Coast states. The nine-banded armadillo the
only specie®f armadilloin the United States!
migratedintr>Texagrom Mexicoabout100
yearsago, Dythe 1940sthe speciedad
expandedts rangeeastwardio the Mississippi
River,andtoday hasspreadinto Florida.

Thebody of anarmadillois protectedby
hard,bony platesarrangedin bandsthatslide
againsteachother. Armadillos areprimarily
nocturnal, and when seen,appear to be com-
pletelv preoccupiednosingthroughleavesand
debris in searchof favorite fr>ods spiders,
beetles,ants, snails, slugs, and earthworms,
Armadillos are also known to kill and eat
poison<>tsnakes.!

Unlike many other exotic species, .
armadillosfill a verybeneficiahichein their

Cl!



habitat. Besides
devouringhuge
guantities of noxious
insects, their burrows
provide a retreat for
rabbits, skunks and
other forms of wildlife.

Armadillos suffer
high mortality due
to predation by
bobcats, wolves,
coyotes,dogs, and
from heing struck by automobiles.
Nevertheless,they have been successfulin
extendingtheir rangeand growingin
population size.Generally, temale armadillos
producea litter of quadruplets four offspring
of the samesexand geneticallyidentical! oncea
year,usuallyin FebruaryTheaveragdife span
of eachoffspring is four years.

Procedure

1, Have the students read the introduction in
their in»tructions.

2. Spend a few minutes explaining the con-
ceptsthat are the focus of the activity:
limiting factors,carryingcapacitydynamic
equilibrium, and exponential growth.

Refertopages3-5i ntheB rcl,grot!»8
i@for!lratio>t,!

3. Review graphing skills, R'f''rtof>age8-4in
theBackgroz!'Zoefor»tati r>df r>rod!!lé
"TELLUS Aborrf Science."!

~ Distinguishing the independent
manipulated! variable from the
dependent responding! vari.able.

~ Labeling the x- and y-axe».

~ Labeling the grid with appropriate scale
numbers.

~ l'lotting data.

4. Have students follow the procedure in their
instructions to complete the graphing
activity and answer the Summary
Questions,

5. Discuss the results and the answers to the
SummaryQuestions, The«!tszodey
folio os.!

Continue the video.

Summary Questions
How arethe two graphed line» similar?
Bothnn cf>angi!*mpi>iyear-to-y 'ar.

How are the graphed lines of the two
populations different?

Tliegraphoftheratpopulatiorsflz!ctttati'zgjp
nrtd bozotiitlti!>a pre«'i .tablm!rge, Irile the
gntph of tl!ear'»rndillgpopzilatio'is o!>lzt
ctirz>i>tgpzonr .

Which population appearsto bein balance
dynamic equil.ibrium! with the environ-
ment?

Tlte nrt popiilntii>!nppeardo bein E>ala»tieth
the e>tvirolzntertt becalis th .re«re !to ertretrre
cl>n»geisii>op!lintio=dize.

Dra~ a lineto representhe average
carrying capacity of the rat population over
the ten year period.

Whati» theapproximatecarryingcapacity

for marsh rice rats?
Tirecarrying cnpndi>tis «bott 470 rnt».

Whattype of growth patternis shownby
the changesin the armadillo population?

Thearr zalhrsaresir u>t'tgexpo!relalgrou>t!l.

Basedon it» current pattern of growth,
estimate the size of the armadillo popu-
lation for year 10.

Thear>!>adilpmprilntioappears bedottbling
each >tear,so tltere shor!i beabout 800
ir> tiz>id!tajgese*i!i year10.

7. Supposethe armadillo population de-
crea»edto 300in year 10. Name some
possible reasonsfor the decline.

Thealnra lil losrrlarthave reachedtire c ir! zt>z >
capacityof thesalt nialshecosztster'tfthat «v>s
the case:

~ A sitortagbff'ooadhzizttai, sat!sr.5b!!tzo0

starve.



~ Asizortagafplacesodigbzcrro<erzat/
havelcarttoirzcrzase@redntiozasthe
anrzadiilcreoarzzeat sleptirzoperz iezczf
predators,
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RATS AND ARMA
SALT MARSH HAB
Student Instructions!

Introduction

Saltmarshecosysteméine the Gulf Coast.
Thesegrassyareasareplaceswhereinland
freshwaterstreamsand rivers mergewith
the salt water of the Gulf or where the Gulf
waters simply merge with the land.
Diversecommunitiesof plants,animals,
and microbes depend on the habitat
components food, water, shelterand
space in theseareas.

Sediment deposited by the rivers and
streamsrovidea rich bottom in which
many plants grow. Thetall grassesand
shrubs of the marsh provide cover aswell
asfoodfor animalslike crabs,shrimp, and
clams that live in the shallow water and eat
the decaying matter detritus! trapped at
the baseof the plants. Birds neston the
stemsof the plants, and insectseat the
leaves. Long legged birds u ade the muddy
flats hunting for insectsand crustaceans,
Other water birds  ducks, gulls and
pelicans  scoopfish from the water for
food. Small marsh rodents mice and rats
scurry beneaththe tall grassesand
shrubs, eating aquatic plant», seeds,insects,
and small shrimp and crabs. They, in turn,
are hunted by hawks, owls and snakes,
Lizards stalk insectsin the grass,and
terrapins chasefish in the shallo~ waters.

Eachpopulation in the salt marsh is
connectedo othersthrough competition,
predator/prey relationshps, or other
Interdependentinks. Theseaelationships

with eachothercoupledwith other
limiting factors such asdiseaseand harsh
weatherservetopreventachpopulation
from growing beyondwhat the habitatcan
support.

Thenumberin a populationthat canbe
supported by the habitat's avajlable
resourcesis the carryingcapacity for the
particular species. As a population near»
thecarrying capacity)imiting factors
lack of food, shortageof hiding places,
increasedpredation  begin to affect
population size,bringing the numberback
within therangethatcanbe supported.

A population number that is rising and
falling from year-to-yeaaroundthe
carrying capacity of the habitat is said to
be in dynamicequilibrium  changing but
balanced! with the environment. Popu-
lations that are well established in their
habitat generally show this type of growth
pattern. However, when a speciesfirst
moves into a habitat, limiting factors may
not be in place to curb population growth.
In that case,the population experiences
exponential growth it increasesat an
acceleratedrate! until some limiting factor
begins to define the number that can

survive,

Thefollowing activity will helpyouto
understandthe effectof limiting factorson
a popLltions growthpattern.



Procedure

1. Thedatatablethat follows givesannual
population counts for two different
species marsh riceratsandnine-
banded armadillos living in the same
salt marsh habitat over a ten year
period.

2. Graph the data on the grid provided.
~ Label the x-axis horizontal! with the

nameof the independentvariable

and the y-axis vertical! with the

name of the dependent variable.

~ Label appropriate scalenumbers on
each axis.

Summary Questions

1. How are the two graphed lines similar?

a. Determinethe range of datafor the
axis.

b, Divide by the number of grid marks

on the axis

c. Roundup to aneasilymanipulated
number.

Usingtwo differentcolorsof ink or
the line patternsgivenin the key,
plot both setsof dataon thegrid.

Based on the information in the
introduction, your teacher'description
of theanimals,and the graphedresults,
answer the Summary Questions that

follow.

2. How arethe graphed lines of the two populations different?

3. Which population appeardo bein balance dynamicequilibrium! with theenvironment?

4. Draw a lineto representheaveragecarrying capacityof the rat population overtheten

yearperiod.

Whatis the approximatecarrying capacityfor marshricerats?

5. Whattype of growth patternis shownbythe changesn the armadillgpopulation?

6. Basedonits currentpatternof growth, estimatethe sizeof the armadillo population for

year 10.

7. Supposéhearmadillgpopulatiordecreasei 300n year10.Namesomeoossible

reasons for the decline.
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ACTIVITY Il

BEAT YA' TO THE BEADS
Teacher Instructions!

Introduction

Theconceptof finite resourcesnd
interconnectednesamongspeciesareessential
in understandingthe impactof overpopu-
lation on an ecosystem. When more resources
are used by one group, lessare available for
other organisms. Sinceeverything is inter-
connected, if one part of the environment is
depletedweakenedpr missing,balanceis lost
and the entire ecosystemsuffers,

Because earth's resources are limited
finite!, every ecosystemhasa carrying
capacity a pointatwhich it cannolonger
support additional members of a specieswith
the food, water, shelter,and spacethey need to
survive,

This activity will help students to under-
standthe finite natureof anecosystem'$ood
supply andwill demonstratehe effectof
overpopulationon availablefoodin anarea.
Studentswill be able to correlate what happens
in the game with what could happen to any
populationthatexceedshe limits of its
carrying capacity,

Objectives

~ To understand the finite nature of an eco-
system'sfood supply.

~ Todemonstrate the effect of overpopu-
lation on food resourcesin a designated area.

Description

The teacherwill introduce the activity by
explainingthefinite natureot earth's
resources. Then, working in small groups,
studentswill simulatea growingpopulation
competingfor a finitesupply of food. They
will collect data, graph the data, determine the
carrying capacityfor the environment,and
answerSummaryQuestionghat will help
themidentify the effectsof overpopulationon
theenvironment. Thesecondart of the

activity GAME2 will demonstratehe
effect of competition from an exotic species,
The extension activity GAME 3 may be
used to demonstrate the effect of toxins in the
environment on the population.

Materials per group!

Largerectangularcakepan

1lb, box of corn meal

2-3 packagesof yellow or clear seedbeads

2-3package®f red seedbeads

4-6smallpapercups numberedl
through 6!

4-6 extra cups for GAME 2

TeacherPreparation

On the day of the activity, mix both pack-
agesof beadswith the 1 pound box of corn
meal and pour the mixture into the cake pan.

Do this for asmany groups aswill be par-
ticipating,!

[NOTE: Upon completion of the activity, the
corn meal and beads canbe stored in airtight
plasticcontainersandreusedfor severalyears.]

Procedure

A, Explain the finite nature of earth's resources
Referto Background Information on
page 3.!

Extension!1l Earth: the Apple of Our Eye!
on pages 12-13is an excellentway to
conveythefinite natureof earth'sland

resource,

B. Divide theclassinto cooperativelearning
groupsof 4 to6 students.

C!



C.

Give eachgroupa panof the cornmeal/
beads mixture and a number of cups equal
to the number of group members. The
numberof group membersdetermineshe
numberof roundsplayedduring the garne.!

Explain the following:

~ An ecosystemcanonlv support a certain
number of individuals. Once the carry-
ing capacity has beenexceeded,the
ecosystemand the speciesbegin to suffer.

~ In nature, a wide variety of food is avail-
able, but different speciesare adapted to
eat different things, not all possible food
sourcesare available to a particular
species.

~ I'nepan ot'corn meal'bead mixture
representsan ecosystem,and the beads
arefood. Everyonen thegroupis of the
samespeciesand can "eat" only the
yellow or clear beads. The red beadsare
a sourceof food, but not for their parti-
cular species,sothey are to ignore the
red beads.

~ At the teacher's signal to start, ONE
student is allowed 30 secondsto "graze"
through the cornmeal to look for food.
When time is called, the student must
stop and count the number of beads
collected, then put the beadsin cup .

~ For the second round, TWO students will
be given 3 !secondsto look for food, At
th.eend of th» 30 seconds,they are to
stop, count the total number of beads
collected, divide by 2 to get an average
number, and place the beadsinto cup 12,

~ Repeatthe procedure adding one person
for eachround of play. I'lay asmany
rounds asthere are people in the group.
During the last round, all studentsin the
group are competing for food at the same
time.!

When eachgroup is ready,give the signal to
begin. Play asmany rounds asare required
to complete the game, then allow time for
the students to complete the chart for
GAME 1, graph their resuits, and answer

the SummaryQuestions.

Discuss the results and answers to the
Summary Questions. The answer key is on
pages23-24.!

Repeatthe gamebut vary it by adding a
population of exotic speciesto the eco-
system. Relatethe following information:

~ The climate of the statesbordering the
Gulf of Mexico is generally mild. Thus,
conditions are favorable for rnanv species
not native to the area to survive, thrive,
and extend the range of their popula-
tions, In doing so,they often take over
habitats and crowd out the native species.
These non-natives are called exotic
species.

~ One student in eachgroup will play the
role of an exotic species. As an exotic
species,the student is able to "eat" all
colorsof beads.'I'hestudentwho repre-
sentsthe exotic specieswill keep his/her
beadsseparated from the beadscollected
by the native species,

~ Have the students number the second set
of cups 2-6 thesewill hold the beadsof
the exotic species!.

Wheneachgroupis ready give the signalto
begin GAME 2. Play asmany rounds asare
required to complete thegarne to 6
rounds!, then allow time for the students to
complete the chart and answer the
Surnrnary Questions.

Discuss the results and answers to the
Summary Questions.

Watch the remainder of the video program.

Extension

GAME 3: Dealing With Toxins In The

Environment

Repeatthe game. This time, all the students
representa native species,and pollution

has made the red beads toxic, If astudent
accidentally picks up a redbead in getting
to the vellow or clear colored bead, they
have beenpoisoned and becomeill. When
counting the number of beadsthey suc-
cessfully "ate," they must give up two
beadsfor eachred onehandled. If they



handled five or more red beadsduring the
30secondoeriod, they mustconsider
themselves"killed," and the activity
proceedswithout them.

~ Playasmanyroundsasarerequiredto
completethe garne thenallow time for the
studentsto completethechartfor GAME 3,
and.answer the Summary Questions.

~ Discuss the results and answer» to the
Summary Questions.

ANSWER  KEY - ACTIVITY [
Summary Questions

GAME 1: Competition For Food

Whathappenedo thenumberof beadsyou
were able tc>collect as the number of
individuals looking for beadsincreased?

The»lu>tbedecreaseds>nc>pe'opieo»>peted
for food.

Wasit easieror harder to find beads during
the last round when the entire group was
searchingatthe sametime and the
"ecosystem" was experiencing over-
population? Explain.

A>tszvertsillvary,So»>binlkacthcsit zt>ns
eaSiebeCat>te COrrptealZVa&gitntedSnOre,
exposinghebeadspthergz<>ghythatit zvas
hardebcnltseveryoneasrozvdeato>c>Id
thepnna>téggressiz>iekehtinthebec>cts.

3, Supposethat in order to meetyour energy
requirementdor survival, health,and
growth, you requirelObeadsperround.
Would you have beenable to survive
throughall theround»?] fnot, how many
roundswould you havesurvived'?

A»severgvill z>ar>/basedzltaest>Its.

Suppose/ou could surviveononly 5 beads,
Would vou have survived all rounds?

Ax»'szverszv>1A>nribc>sedt>t1>@es>tits.

If not, how many would you have
survived?

Ax»szt>ergc>ill>ar>basedo>tthe rest>lIts.

What w<>uldbe the conditi<>nof your
health?

Healthcvo>di@i>tjeopc>rddie»gesm><|
diseasec>o«littel>aco>»problexts.

How doyou think ar>imalin thewild
would be affected, if they had to compete
for food in this manner? How did it znake
you feel?

A>tszver«zzxdlr>/. T>/piall>/Mm>ti»>al«beco>>te
aggressizmhostile»lo>é&ighti>tgkohe»
othersentertheir territor>/. Co»>petitioeh«ses
stre«s.Smallerari»taiszoatd get lessfoonht>d
zc'atldltc'l'™>'fanez3c'sshat>af'st I'z»z'nl,

Animals need more than food to survive
andbe healthy. Whatarcsomeof their
other needs?

The>pteetteshzc>ateo clrinl<n>tdplacego Itide
c>>ted'StSI>edr n»d SpnCel,

Whatwould happento a populationif there
wasnot enoughfoodor otheressential
needsto go around?

Thepop>cintiat>ptdlecli>tieinerzc>otcld
sttrz»'z3ez>e»t>tathdpop>>I<ttia>tzvo«Icl
fitll zvitlti>thecarryi»g capndt/of the
ecosystezn>pop«latiosi=ezoot>kinb>li=c.

7. Carryingcapacityis the averagenumberof

individuals in a population that an eco-
systerncansupportwith its available
res<>urces,

~ Graphthedatafrom your chartand
determine the average carrying capacity
of the ecosystenfior the4 to6 roundsot

play.

Graphsvilvarydepe»di>tgtherest>ls>td
thextt»theofpin>/ersThecarryi>zcapncity
ct'tllbethcnz>e>"nge>et>>tet>/.

. Apply the abovesituatic>to people. How

znight coznpetition f<>resourcesin an
overpopulatedareaaffectthe healthof the
human population?

A»severgzc>illary, Ge»erallyit cczttsesress
>c'hicttHepsfesds>tseit>grzY<ib>tgcoel
ciole>thehaZioA>nO>FP>»epeaptn>t
catcseooperctieehaz'>o>coral»»t»gfforts
asi» co»t>>ttt>ta>it>g.
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As longadood, u>ateishelteraiid spacere
availabletlie healthf othehuinanpopulation
zvillnot beinjeopardy. Howeverascompetition
for higherstandardsoflivirig increasethe
resultsof stressniay beconiiinoreapparent.

How doesthis competitionaffectthe

environment?

As thehumanpopulationgrows, huinans
consumenoreand moreof theearth'dinite
reSOurCeSu>ateVegetatiOmniiieralSand
animals leaving lesgor»ther organisnzdess
for thephysicalenvironmentand ultinzately
lesgor humansthemselvesin theend,asthe
eiivironmeizis alteredto takecareof hunian
zieedstheqiiality of lifefor all organisms
decreasesThisis evidencedby environmental
problenzsuchasa reductionin biodiversty,
deforestatioianddecliniizgu>ateazzair
quality,

GAME 2: Invasion of an Exotic Species

1. How doesthefeedingsuccessfthe exotic

speciescompareto the successof the eco-
system's native species? For eachround,
compare the number collected by the exotic
speciesto the average collected by the
others.!

Atfirst thereniay belittle differencebut as
competitiorand overcrowdingoccur,theexotic
specieshouldbeabletn collectmorebeadghan
thenativespecies.

Do you think that the results of this activity
are similar to the consequencesof exotic
speciesinvading an ecosystemin the wild?
Explain.

Yesif anexoticspeciesaneata greatevariety
offood thanthe nativespeciestheir chance®f
survival and reproductiorareinuchbetter.
Eventually,they znaytakeovermuchof the
habitat,causingthedeclineof native speciesas
hasoccurredwith theArgeiitinefire antsand
nutria izi soineareasof the Gulf Coastregion!,

Supposethe exotic speciesate ONLY the red
beads. Would the effects nn the available
food supply for the native specieshe the
same? Explain.

No, therezvoiildbeno competitiorfor food
betzveethetzz>species.

4. What are someways that exotic species
compete with native speciesbesidesvying
for food?

Theyconipetéor spaceshelteraiid water.

Extension

GAME 3: Dealing With ToxinsIn The

Environment

1. What did the introduction of a "poisonous"
food source do to your attitude during
eating'?

Answerswill vary. Theymaymentionattitudes
szichasfear and caution.

2. Wasthe amount of food that you were able
to collect affected by the presenceof the
poisonous food? Explain.

Yespecausef caution,thesearchwasslozver
andfewerbeadsverecollected.

3. Wereyou able to survive aseasily asin
GAME 1?Explain. Remember,it takes 10
beads to thrive, and 5 beads to survive.!

Answerswill vary basednresults. Generally,
theansw>eawill beno,becausewer beadzvere
collected.

4. Wasyour health affected by the presenceof
this poisonous food? Explain.

Answerszvillvary, Generallyyedorfezver
beads were collected.

5. How might wildlife in an ecosystembe
affected by toxins in their environment?

Therezvouldbea decreasa populationsizedue
toillness,death,and migrationfroin thepolluted
ecosystezzz.



ACTIVITY I

BEAT YA' TO THE BEADS
Student Data Sheetand Summary Questions!

GAME 1. Competitiofror Food
Averagthenumbeofbeads collectediuringeachroundforyourgroup Dothidy

addingthetotalnumbeof bead<ollecteahddividing by thenumbermfpeopl@articipating
during theround. Recordthe averagen the chartbelow.

Summary Questions
1. Whathappenetlbb thenumberofbeads/ou wereableto collecas the numberof people

lookingfor beadsincreased?

2. Wasit easieror harderto find beadsduring the lastround whenthe entiregroup was
searchingat the sametime andthe "ecosystem'was overpopulated?Explain.

3. Supposehatin orderto meetyour energyequirementsfor survival, health,andideal
growth and life-span,you require 10beadsper round. Would you havebeenableto
survive throughall the rounds? If not, how many roundswould you havesurvived?

4, Supposeaf necessarypucouldsurviveononlys beadsNVouldjouhave survivedall

rounds?
If not, how many would you have survived?

What would be the condition of your health?



5. Howdoyouthinkanimalsn thewild wouldbeaffectedf theyhadto competéor foodin
this manner? How did it make vou feel?

6. Animalsneedmorethanfood to survive and be healthy. What aresomeof their other

neecls?

Whatwould happento a populationif therewasnot enoughfood or spaceto goaround?
Consider eachpossibility.

7. Carryingcapacitystheaverag@umbetrofindividualsin a populatiothatanecosystem
cansupport with its available resources.

Graphthedatafrom your chartand determinethe averagecarrying capacityof the
ecosystemfor the 4 to 6 rounds of play.

8. Apply the abovesituationto people. How might competitionfor resourcesn an
overpopulatedareaaffectthe healthof the humanpopulation?

How mightthis competition affectthe environment?

GAME 2: Invasionof an ExoticSpecies

During this game,onepersonis anexoticspeciesand caneatall colorsof beads, Theexotic
will begimplayingn Roun@andnuskeephis/herbeadseparateomthenative



species. The native specieswill averagethe number of beadscollected during eachround
asin the previous game, Recordthe results of eachround in the following chart,

Summary Questions
1. How doesthe feedingsucces®sf theexoticspeciexompareto the successf the

ecosystem'snative species? For eachround, compare the number collected by the exotic
speciesto the averagecollected by the others.!

2. Doyouthink that the resultsof this activity aresimilar to the consequencesf exotic
speciesinvading an ecosystemin the wild? Explain.

3. Supposeheexoticspeciesate ONLY theredbeads. Would the effectson the availablefood
supply for the native speciesbe the same? Explain.

4. What are some ways that exotic speciescompete with native speciesbesidesvying for
food?

Extension

GAME 3: Dealing With Toxins In The Environment

During this game eachplayermusttryto avoid handling red beadsbecausehey aretoxic
poisonous'. Play asin GAME 1,but at the end of eachround, eachplayer must:

~ Give up two beadsfor eachred bead handled.



~ If five red beadswere handled, the person is considered "killed" and the activity
continues  without him or her.

Add thetotal numberof beadscollectecand divide by the numberof peopleparticipating
during theround. Recordthe averagesn thechartbelow.

Summary Questions

1. Whatdid theintroduction of a "poisonous'food sourcedo to your attitude during eating?

2. Wastheamountof food thatyouwere abletocollectaffectedoy the presenceof the
poisonous food? Explain.

3. Wereyou able to survive aseasily asin GAME 1?Explain. Rememberjt takes 10beadsto
thrive, and 5 beads to survive.!

4. Wasyour health affected by the presenceof this poisonous food? Explain.

5. How might wildlife in anecosystem be affected by toxinsin theirenvirorunent?
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EVAILUATION QUESTIONS

MATCHING: Matcheachdefinition or examplein the left columnwith the correcttermin
the right column. Placetheletter of the correctterm in the spaceprovided,

9.

Membersof the samespeciesn anarea

The maximum number

. Organisms that make their own food

of individuals a
habitat can support with its resources

Current growth pattern in the human

population

Eatdeador decaving organicmatter

Spiders, fish, and birds

Conditions in the environment

that control

the rate of population growth

More individualsare living than the

ecosystem can support

All the different speciesin an ecosystem

10,Animals entering or leaving an area

MVLTIPLE

CHOICE:

Select the BEST answer

A.

B.

0

for each statement.

Community

Food chain
Consumers
Population
Detritivores
Overpopulation
Migration

Carrying capacity
Dynamic equilibrium
Exponential growth
Producers

Limiting factors

1. Today'sworldwide population of humansis approximately ? .

oowmp

5.6 hillion
10.6 hillion
100 million
12 billion

2.
population?
A

8 o

L Q.9

0 0
1D

time ~ time ~

Which of the following graphs representsthe growth curve for the human

time ~



A coyotehunting andkilling a rabbitfor food is anexampleofa ? relationship.

vsowm>

symbiotic
predator/prey
competition
mutualistic

Which of the following would NOT beconsidereda limiting factorfor bullfrogs
living in a freshwater pond ecosystem?

A. The amount of available food.

B. Theintroduction of anexotic speciesthat eatslarge fish,

C. Toxic chemicalsthat enter the pond in runoff.

D. Clearing the land surrounding the pond to develop a residential area.
Which of the following countries consumesthe most resourcesand energy per
person?

A. China

B. Peru

C. The United States

D. 1ndia

Which of the following situations doesNOT produce competition in an ecosystem.

A.

o0 w

Both nutria and muskrats build burrows in the banks of Gulf Coast rivers,
ponds, and lakes.

Seventy different Gulf Coast speciesneed decaying treesfor shelter and nesting
sites.

Snakes, hawks, and and foxes all eat field mice,

Birds eatladybug beetles,ladybug beetleseat aphids, and aphids eat plant
juices.

The birthrate in the United Statesis decreasing,but population growth is still
increasing. The reasonfor this is that

"o Om>

the death rate is decreasing people areliving longer lives.

people continue to migrate into the United States.

couples are having more children today than they did forty years ago.
All of the above are correct.

Aand B are correct.

An areawhereliving thingsreactwith eachotherandwith their nonliving
surroundings to recycle substancesessentialfor life and to channel energy from the
sun through producers to consumersis called a n!  ?,

A.

B.
C,
D

ecosystem
burrow

nest

niche



DISCUSSION: Useyour bestwriting skills spelling, punctuation,and grammar in
responding to the following statements.

I, Thefollowing graphs show the population growth of two different speciesliving in a Gulf
Coastmeadow. Foreachpopulation, describethe growth patternand give reasongdor the
its changes,

time time

Field Mouse Population Fire Ant Population

2, Explain the connection between the rapidly increasing human population and declining

water quality in the Gulf Coastrivers, streamsand lakes,

3. Listthreeactionsthatyou cantaketo reducewasteandoverconsumptiorof earth’s

resources.



EVALUATION

MATCHING:
BK
2. 7. L
. 8. F
J E 9. A
5, 10. G
MULTIPLE CHOICE:
1 5 C
2 6. D
3 7, E
4, 8. A
DISCUSSION:

a. Thefield mousepopulationshowsa pattern
of dynamicequilibrium it is rising and
falling aroundanaverse carrying capacity
themaximummumbeofmicetheecosystem
cansupportwith its availableresources!.This
balanceahanges likely occurringbecause
predators hawks, snakescoyotesetc.
keepthemicdrom overpopulatingandessential
habitatcomponentsf u>atefpod,spaceand
shelterareavaiableaslongasthepopulation
stayscloseto or belowthecarrying capacity.

b. Thefireant populationis growing expo-
nentially  rapid, uncontrolledyrowth. The
lackofdipsorflat placesn thecurve pattern!
indicatethat no limiting factorsarehindering
populationgrowth. For this typeofgrowth to
occur,theant's essentiahabitatneed®ffood,
water,shelterandspacenustbein ample
supplyandits predatoramust befew.

Someexplanationsnclude:

+ Peopleusewaterfor bathing,drinking,
cleaning,cookingwateringyards,and
recrea tion.

~ Industry usesvaterin manufacturinggoods.

~ Agriculture useswatertoirrigate crops,

ANSWERS

~ Wateris a solventusedto sprayfertilize~and
pesticides.

~ Excessiveertilizer, pesticidesand toxic
chemicalssuchastheresidudrom petroleum
productson streetsand parking lots!flow
into lakesstreamsandriversin runoff after
rains.

As thehumarmopulationincreasesthe useof
water also increases, All these uses add to the
declinein thequantity and quality of waterin
the Gulf Coast'slakesstreamsandrivers.

Answerswill vary. Referto suggestiongisted
in theBackgroundformatioronpager.
Acceptall reasonablessponses.
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