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¥OREWORD

Act 750 of the 1979 Louisiana Legislature (R.S. 17:24,4) established the Louisiana Competency-Based Education
Program. One of the most important provisions of Act 750 is the mandated development and establishment of
statewide curricular standards for required subjects. As reenacted and redefined by Act 146 of the 1986
Legislature, these curricular standards include "curriculum guides which contain grade appropriate skills and
competencies, suggested activities, suggested materials of instruction, and minimum required time allotments
for instruction in all subjects.”

During the 1979-80 school year, curriculum guides were developed by advisory and writing committees represent-
ing all levels of professional education and all geographic areas across the State of Louisiana for the
following science courses: Elementary Science K-6, Life Science, Earth Science, Physical Science, General
Science, Biology, Chemistry, and Physics. Following established curricular development procedures, these
curriculum guides were piloted in 1982-83 and were implemented statewide in the fall of 1984.

In 1985, a draft curriculum guide for Environmental Science was developed from nationally recognized objec-
tives by environmental specialists representing both state and federal agencies, universities, industry,
conservation organizations, and secondary schools. This guide was piloted in the spring semester of 1986 by
teachers in school systems representing the different geographic areas of the state as well as urban, subur-
ban, inner-city, and rural schools. The standard populations involved in the piloting reflect also the ethnic
composition of Louisiana's student population. Based upon participants' recommendations at the close of the
1986 pilot study, the curriculum guide was revised to ensure that it is usable, appropriate, accurate, compre-
hensive, relevant, and clear. In keeping with the legislative mandates, the revised Environmental  Science
Curriculum Guide will be implemented statewide in the 1987-88 academic year.

The statewide implementation is not, however, the end of the curricular development process. A continuing
procedure for revising and improving curricular materials has been instituted to ensure that Louisiana stu-
dents have an exemplary curriculum available to them—-a curriculum that is current, relevant, and comprehen-
sive. Such a curriculum is essential if we are to provide the best possible educational opportunities fox
each student in the public schools of Louisiana.
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Thomas G. Clausern, Ph.D.
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PREFACE

This we know. The earth does not belong to man;

Man belongs to the earth. . .

All things are connected, like the blood which unifies one family. . .
Man did not weave the web of life; he i1s merely a strand in it.
Whatever he does to the web, he does to himself.

Chief Seattle, 1854
Suquamish Tribe

Over the past two decades, concern for the environment has become both a major influence in the development of
a new basic science and a major social and political issue. As the first pictures of Earth returned from the
Apollo moon landing in the summer of 1969, some one billion people saw Earth as never before; our planet
appeared to be an outpost of life in a sea of nonliving matter. People began to realize that the life-support
processes that maintained man and all other forms of life were hinged on many interacting cycles. This
realization spurred many people to become involved actively with the growing environmental moveuwent of the
1970's, Today, the emotional fervor that propelled the environmental movement to the center of national
attention has matured; and people are accepting the responsibility for maintaining the quality of life for
future generations. In addition, business and industry; local, state, and federal governments; and concerned
citizens are working together to improve the quality of the environment.

This Environmental Science Course for high school students is being implemented in an effort to raise the
level of environmental literacy among Louisiana's citizens. 7Tt is unquestionably necessary for our present
and our future physical, mental, and economic health that our citizens become so well-informed that they can
make sound judgments on issues involving the environment of Louisiana and the world. The need clearly exists
for a comprehensive statewide educational effort addressing the broad spectrum of our environmental interests
and needs. Most educators agree that the development of a comprehensive multidisciplinary environmental
education program is essential to assure that "environmental literacy" is developed and maintained.

This curriculum guide for Environmental Science is intended to make students aware of the problems they will
be facing in their environment, as well as of alternative measures to solve these problems. The content of
this course is presented within the framework of well-founded physical and biological principles. This course
is designed to use basic scientific principles to study the processes of the environment; to examine changes
within the environment from a broad perspective; to identify both natural and man-made activities that contri-
bute to changes in the envirohment; and to isolate the political, legal, economic, and social aspects of the
environment.

Environmental issues should always be presented in such a manner that critical thinking can be developed
through reason rather than emotion. The suggested activities provide a basis for instruction; however,
current national and local issues should be incorporated wherever possible.

xi
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RATIONALE

Developments in science technology have improved our way of living and have become a major influence on our
culture. No one in our culture escapes the direct influence of science. Because of the impact of sclence on
our social, economic, and political institutions, the education of every responsible citizen must include not
only the basic principles of science but also the attitudes and processes of scientific thought.

The nature of science itself determines the way that it should be taught. The definition of science is a
twofold one: It is (1) an unending method or process of seeking new knowledge, and (2) the body of knowledge
which results from this search. Science is an intellectual, active process which involves an investigator of
any age and something to investigate. The discipline of science taught by the process approach teaches the
student how to learn, and that intellectual gain is a permanent one for the student.

The process approach develops the intellectual abilities of students. Some students develop thinking skills
in the normal course of growing up in a complex world, but the acquisition of useful skills and attitudes is
by no means automatic. Many students succeed in school by repeating what they are told in a slightly dif-
ferent form or by memorizing; such strategies are of little extended value. At present, relatively few
students develop persistence in and zest for dealing with new concepts because they are not aware of their
intellectual capabilities; thus, students need literally to experience the application of skills in scientific
processes in different situations.

To be most effective, methods of science instruction must be based upon the development of skills in critical
thinking. Guided practice in experimenting, observing, gathering information, organizing facts, and drawing
conclusions will help to develop critical thinking skills. Laboratory techniques should be employed whenever
possible, and inquiry teaching/learning situations using both deductive and inductive reasoning should be the
predominant method used in all classroom activities. The teacher's role in a process-oriented science class-
room includes being a provider of problems, a discussion leader, a supplier of clues (when necessary), and a
skillful questioner, i.e., a facilitator of learning activities. Thus, the aim of an effective science
program should be to equip each child with competencies in the basic processes and concepts of science through
individual participation in activities and investigations specifically designed to develop such capabilities.

22




GOALS OF TEACHING ENVIRONMENTAL SCIENCE

Science Literacy
The primary goal of science courses in grades K-12 is to promote science literacy. Before determining what
should be ctaught, science literacy should be defined. Science 1literacy is the ability to perceive,
comprehend, interpre., explain, and predict natural phenomena and to demonstrate such ability technologically.
Many science educators recommend that science 1literacy should be not a separate entity but an integral
component of the total curriculum. The perception, comprehension, interpretation, explanation, and prediction
of a phenomenon should be fused into every area of the curriculum.
According to most science educators, a scientifically literate citizen should be:

1. aware that science is concerned with the empirical universe.

2. able to read accounts of developments by the scientific community.

3. aware that knowledge developed in the scientific community is probable rather than absolute.

4. aware of the difference between theoretical and empirical concepts and laws.

5. aware of how both empirical and theoretical concepts and laws come into being.

6. aware of the scientifically accepted regulatory principles.

7. aware that theoretical and empirical laws may be descriptive, comparative, or quantitative.

8. able to use theoretical laws in unifying empirical laws,

9. able to use empirical concepts and laws in a constant adjustment to the environment.

10. able to explain and to predict events in the environment in a rational manner.

11. able to translate experience of the natural world into knowledge.

12. able to communicate with other citizens about knowledge and ideas about natural objects and phenomena.

13. able to communicate with other citizens about the use or control of natural objects or forces.




Specific Goals

Achieving science literacy involves attitudes, process skills, concepts, and social aspects of science and
technology. This literacy is linked to a global awareness that knowledge is increasing at a tremendous rate
and that this rapid increase affects society in a great variety of ways. Based upon this belief, the follow-
ing major goals of science are stated:

1. Fostering Positive Attitudes Toward Science and the Scientific Process

Developing a deep appreciation of the role of science and the scientific process will influence the way
students think about the environment and about their effect on the environment.

2. Developing Process Skills

The development of process skills is an integral part of science activities for students. Students should be
given opportunities to develop those intellectual processes of inquiry and thought by which scientific phenom-
ena are explained, measured, predicted, organized, and communicated. These experiences will serve to rein-
force scientific concepts.

Basic Scientific Process Skills used in solving problems and making decisions include observing, inferring,
classifying, using numbers, measuring, using space-time relationships, communicating, predicting, and design-
ing experiments. Integrated Process Skills include controlling variables, defining operationally, formulating
hypotheses, interpreting data, and experimenting.

3. Acquiring Knowledge

Included in the basic science curriculum are those scientific concepts, principles, theories, and laws that
will enable the students to understand and interpret natural ph2nomena. Applying scientific concepts, prin-
ciples, theories, and laws requires the understanding of cause-effect relationships; energy-matter relation-
ships; time-space relationships; revolutionary, evolutionary, or catastrophic change; interaction of vari-
ables; systems; symmetry; and equilibrium.

4, Recognizing the Interaction of Science, Technology, and Society

The students should (a) understand the interrelationships of science, technology, and social and economic
development, (b) recognize both the limitations and the usefulness of science and technology in advancing
human welfare, and (c) understand the concept of global ethics when new technologies are used. Science and
technology are difficult to separate because scientists often develop new technology and new technology
produces new avenues for scientists to obtain new knowledge. Changes in science and technology may not always
improve society and may be the subject of moral, religious, or ethical questionms. Such controversial issues
cannot be solved in a science classroom but may be discussed.

L 6 xiv 2 7




PRIMARY PROCESS SKILLS

Within the framework of envirommental science. nine basic process skills are stressed: (1) observing, (2)
inferring, (3) classifying, (4) recognizing number relations, (5) measuring, (6) recognizing space-time
relationships, (7) communicating, (8) predicting, and (9) decision making. There is a progressive intel-
lectual development with each process. A brief description of each basic process follows:

OBSERVING

Observing is the use of one or more of the five senses to perceive properties of objects or events as
they are. Statements about observations should be (1) quantitative where possible, (2) descriptive
regarding change(s) and rates of change(s), and (3) free of interpretations, assumptions, or inferences.

INFERRING

Inferring is making statements about objects or events based on observations which are not the result of
direct perception. Inferences may or may not be accurate interpretations or explanations of observa-
tions. Inferences are based on (1) observation, (2) reasoning, and (3) past experience of the observer.
Inferences require evaluations and judgment. Inferences based on one set of observations may suggest
further observation which in turn requires modification of original inferences. Inferences lead to
predictions.

CLASSIFYING

Classifying is the grouping or ordering of phenomena according to an established scheme. Objects and
events may be classified on the basis of observations. Classification schemes are based on observable
similarities and differences in arbitrarily selected properties. Classification keys are used to place
items within a scheme as well as to retrieve information from a scheme.

RECOGNIZING NUMBER RELATIONS

Finding qualitative relationships is not adequate when solving problems. Quantitative relationships
among data with symbols assist in verifying relationships.

MEASURING
Measuring is to find out the extent, size, quantity, capacity, etc., of something, especially by compar-

ison with a standard. Once the concept of measuring is introduced and mastered in kindergarten and the
first grade, the metric and or SI system should be used exclusively.

2363 Xv




RECOGNIZING SPACE/TIME

Recognizing space-time relationships is the process that develops skills in the description of spatial
relationships and their changes with time. It includes the study of shapes, time, directionm, spatial
arrangement, symmetry, motion, and rate of change.

COMMUNICATING

Communicating is to pass information from one person to another. Communications may be oral, nonverbal
(e.g., gestures), written, or pictorial (pictures, maps, charts, and graphs). Communications should be
concise, accurate, clear, and precise descriptions of what is perceived.

PREDICTING

Predicting is forecasting what future observations might be; it is closely related to observing, infer-
ring, and classifying. The reliability of predictions depends upon the accuracy of past and present
observations and upon the nature of the event being predicted.

DECISION-MAKING SKILLS

Decision-making skills are based on evaluation and synthesis. Decision-making is one 1link from science
to other areas of the curriculum. Value judgments generally should be based on accurate information
obtained scientifically. Evaluation implies value judgment based on many factors. Within the framework
of environmental science, many evaluations must be made. Decisions, especially those having social,
political, or economic consequences, are seldom made with only scientific considerations.

INTEGRATED PROCESSES OF SCIENCE
As basic progressive, intellectual development proceeds in each process skill, the interrelated nature of the

processes is manifested in the five integrated processes: (1) controlling variables, (2) defining operation-

ally, (3) formulating hypotheses, (4) interpreting data, and (5) experimenting. A brief description of each
integrated process follows:

CONTROLLING VARIABLES TO ANALYZE SYSTEMS AND FORMULATE MODELS
A variable is any factor in a situation that may change or vary. Investigators in science and other

disciplines try to determine what variables influence the behavior of a system by manipulating one
variable, called the manipulated (independent) variable, and measuring its effect on another variable,

-'
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called the responding (dependent) variable. As this is done, all other variables are held constant. If
there is a change in only one variable and an effect is produced on another variable, the investigator
can. .conclude that the effect has. been brought about by the changes in the manipulated variable. If more
than one variable changes, there can be no certainty at all about which of tle changing variables causes
the effect on the responding variable.

DEFINING OPERATIONALLY BY GATHERING AND PROCESSING INFORMATION

To define operationally is to choose a procedure for measuring a variable. In a scientific investiga-
tion, measurements of the variables are made; however, the investigator must decide how to measure each
variable. An operational definition of a variable is a definition determined by the investigator for the
purpose of measuring the variable during an investigation; thus, different operational definitions of the
same variable may be used by different investigators.

FORMULATING AND USING DEDUCTIVE-NORMATIVE EXPLANATIONS

To formulate a hypothesis is to make a go2ss about the relationships between variables. A hypothesis is

usually stated befcre any sensible investigacion or experiment is performed because the hypothesis

provides guidance to an investigator about the data to collect. A hypothesis 1s an expression of what

the investigator thinks will be the effect of the manipulated variable on the responding variable. A

workable hypothesis is stated in such a way that, upon testing, its credibility can be established. |
|
|

INTERPRETING AND COMMUNICATING SCIENTIFIC INFORMATION

The process of interpreting data may include many behaviors such as (1) recording data in a table, (2)
constructing bar or line graphs, (3) making and interpreting frequency distributions, (4) determining the
median, mode, and range of a set of data, (5) using slope or analytical equations to interpret graphs,
and (6) constructing number sentences describing relationships between two variables. Interpreting data
requires going beyond the use of the skills of tabulating, charting, and graphing to ask questions about
the data which lead to the construction of inferences and hypotheses. Interpretations are always subject
to revision in the light of new or more refined data.

EXPERIMENTING USING INTEGRATED PROCESS SKILLS
Experimenting is the process of designing a procedure that incorporates both the basic and the integrated

process skills. An experiment may begin as a question for the purpose of testing a hypothesis. The
basic components of experimenting are:




1. Constructing a hypothesis based on a set of data collected by the investigator from observations and
inferences.

2. Testing the hypothesis. The variables must be identified ard controlled as much as possible. Data
must be collected and recorded.

3. Describing or interpreting how the data support or do not support the hypothesis, i.e., deciding -
whether the hypothesis is to be accepted, modified, or rejected.

4. Constructing a revised hypothesis if the data do not support the original hypochesis.
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ECOLOGY

I. GENERAL ECOLOGY

A.

Introduction

Animals, including man, plants, and the physical processes of nature (geological,
meteorological, oceanographic, and others) all affect the environment. All of these
components are interlocked in a perpetual process in time. The boundary that separates
each organism, animal, or plant appears as a fragile membrane. An unbalance in any
ecosystem may affect organisms within the community of the ecosystem. The primary goal
of teaching general ecology is to show students the compleXity of life and the
interaction among all life and the environment.

OBJECTIVE CONCEPT ACTIVITY
The student will be able to Enviren- 1. The students will individually list
define environment as a combi- ment; 5 or more external conditions that
nation of external conditions Definition influence their lives.
that influence the life of an
individual, organism, or 2. Use the quote "when we try to pick out
population. something by itself, we find it hitch-

ed to everything else in the universe,"
to stimulate class discusion about

the importance of studying the
environment.

3. As a class, students will discuss their
individual lists of external conditions
and compile a list representing the
class as a population.

4. Stimulate a discussion as to how these
external conditions would affect organ-
isms such as trees, other plants, their
pets, insects, and other organisms.




OBJECTIVE CONCEPT ACTIVITY
2. The student will be able to Ecological 1. Have students bring 10 pictures, 5 of
recognize that the definition Concept different animals and 5 of different
of ecology is the inter- plants. This group would represent
— . relationship'of organisms level one, the organism. Students will
and their environment. then divide the plants and animals

into groups of similar organisms (2nd
level-population). Then have students
determine what populations do exist
together and group these to form a
community (3rd level). Continue

this progression from community to
ecosystem to the biome and biosphere
level. Use old magazines.

3. The student will demonstrate an Ecological 1. As a class, students will discuss their
understanding of the relation- Concept individual lists of external conditions.
ship between environment angd Compile the list.
ecology by listing and dis-
cussing external conditions 2. Discuss how these external conditions
comprising their environment. affect other populations within the

the community.

B. Ecological Organization

4. The student will be able to Ecological 1. Have students examine examples of
describe the levels of eco- System each level. At the biome and eco-
logical organization of: system level, students might bring
a. biosphere slide pictures from home showing
b. biome different kinds of habitats.

c. ecosystem

d. community 2. Students may use globes or world maps
e. population to demonstrate location of various

f. organism biomes.

5. The student will be able to Ecological 1. Have students draw a parallel between
define biosphere as the portion System: the skin of an apple and the biosphere.
of the earth and its atmosphere Biomes

d capable of supporting life.
ERIC 59




OBJECTIVE

The student will be able to
list the major biomes.

a. marine (oceanic)

b. estuarine

cC. freshwater

d. polar

e. alpine (tundra)

f. taiga (coniferous forest)
g. deciduous forest

h. desert

i. rainforest

J. grasslands

The student will be able to
define an ecosystem as a
natural community of organisms
interacting with one another
and with their environment.

The student will be able to
define and identify a com-
munity as a group of popula-
tions occupying a particular
habitat or area.

The student will be able to

define population as a group of

organisms of the same species.

52

CONCEPT

Ecological

System:
Biomes

Ecological

System:
Ecosystem

Ecological
System:
Community

Ecological
System:
Population

1.

1.

ACTIVITY

Show films, slides, or pictures of
each. Students should be asked to
identify the characteristics of eacn.

Ask students to identify a component in
the environment (like mosquitoes) that
we could live without. Encourage the
students to consider what other pop-
ulation in their environment migh
require that component. (An example
might be the dependence of small fish
on mosquito larvae for foo@d.)

Examine the school "ecosystem” as a
small community and identify its
interacting components.

Students ™ay conduct a field trip either
in school or for homework and identify
communities found.

Students may conduct a field trip either
in school or for homework and identify
various populations of organisms found.




lo.

11.

OBJECTIVE

The student will be able to
distinguish the difference
between the terms "habitat"
and "niche."

The student will be able to
recognize and identify various
kinds of habitats and niches.

C. Components of an Ecosystem

12.

The student vill be able to
differentiate between
biotic and abiotic factors.

a. Aiotic factors are the
living components of the
ecosystenm.

b. Abiotic factors are the
nonliving components of
the ecosystem.

CONCEPT

Ecological
System:
Habitat and
niche

Ecological
System:
Habitat

Ecological
System:
Biotic and
Abiotic
ractors

ACTIVITY

Students may conduct a field trip
either in school or for homework and
identify various habitats and the
niche of certain organisms 1living in
those habitats.

Discuss various types of habitats and
niches showing films and pictures.

Collect plants and animals that are
typical of the various habitats found
in Louisiana.

Assign students the study of various
habitats and have them report on thenm.

to list various biotic
maintain them as living

Ask students
factors that
beings.

to list various abiotic
are necessary to main-

Ask students
factors that
tain life.

Ask students to list various biotic and

abiotic factors not necessary to
maintain life. Are these necessary for
other species?




OBJECTIVE CONCEPT ACTIVITY
13. The student will be able to Energy 1. Present examples of autotrophs,
identify autotrophs, hetero- Production heterotrophs, and chemotrophs.
trophs, and chemotrophs. Use examples onh laboratory
a. Autotrophs produce their practicum.

own food using small, in-
organic compounds and light

as the energy source. 2. Have students bring to class 4 examples
b. Heterotrophs are organisms of autotrophs and heterotrophs
which cannot produce their collected from their home community.

own food.

c. Chemotrophs are organisms that
can produce food from inorganic
compounds using chemical

energy.
1l4. The student will be able to Abiotic 1. Examine several habitats, identify,
identify the abiotic factors Factors and describe. Ha.e students measure
of the environment such as the abiotic factors.
light, soil, space, air,
nutrients, temperature, water, 2. Following the identification of abiotic
and topography. factors, determine the level of
influence each has on the habitat.
15. The student will be able to Energy 1. Using a flow chart, demonstrate how
understand that the sun is Sources energy flows through an ecosystem.
the ultimate source of energy
for ecosystems. 2. Introduce the concept of measuring
energy in the form of Kcal (joules).
16. The student will be able to Energy 1. Introduce the concept of energy transfer
recognize that a basic function Transfer

of an ecosystem is to capture
and tranfer energy.

v
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17.

18.

OBJECTIVE

The student will be able to
recognize the prncess by which
the photosynthetic organisms
(autotrophs) convert solar
energy to food and produce
oxXxygden.

The student will be able to
recognize that as organisms
feed on each other, the
transfer of food energy is
not 100 percent efficient.

CONCEPT

Photo-
synthesis

Energy does

not cycle

1.

ACTIVITY

Review process of photosynthesis using
traditional photosynthesis laboratory.

Experiment with plants by placing color-
ed tape over parts of the leaves to de-
monstrate efrects of different light.

How big is your food web? Where

does your food come from? Purpose:

Demonstrate to students that the trans-

port of food items often results in

their eating an international meal.

Materials: Cookbooks, reference books

Procedure:

a) Have the class work in groups.
decides what kind of pizza it is
going to make and lists ingredients
needed, such as tomato sauce, pep-
peroni, mozzarella cheese.

b) Have the students consult a cookbook
to find the missing ingradients.

c. Have each group of students list each
ingredient and its origin. Some of
the origins can be determined from
the labels on containers or from the
reference materials.

d) Discuss the information gathered.
Spanish olive 0il, black pepper from
Java or Sumatra, Italian cheese, and
fish (anchovies) from South America,
are possible items.

e) Lead a discussion beginning with the
origin of each ingredient, resources
needed to grow the vegetables (soil,
water and sunlight). Encourage
discussion of resources used in the
processing and transportation of
these food items.

Each




OBJECTIVE CONCEPT
19. The student will demonstrate First Law
an understanding that mat- of Thermo-
ter and energy can neither dynamics

be created nor destroyed
but simply transformed.

20. The student will demonstrate Second Law
an understanding that in of Thermo-
every energy transformation, dynamics

some energy is always lost
in the form of heat.

21. The student will be able to Energy
define the terms food chain and Flow
food web and describe the
flow of energy through an
ecosystem.

ACTIVITY

f. Discuss alternative "meals." Point
out that the high cost of shrimp
"po-boys" reflects transportation
cost of the shrimp. Discuss the use
of fish (menhaden or "pogies") in
chicken feed for commercial chicken
farmers who sell to fried cnicken
chains.

g. Discuss information about how energy-
intensive American fast foods are
when compared with foods found in
some other countries. How have we
been able to afford this?

1. Discuss why matter or energy can not
be destroyed. Discuss some science-=-
fiction or fantasy ideas that are
theoretically unsound, such as perpetual
motion machines.

1. Demonstrate the transfer of energy
by showing the loss of heat when a
cup of hot water is transferred to
another cup.

1. Have students take lists they made
of pizza ingredients and try to
construct a food web.

SUNSHINE

wheat ———> cows _(cheese)

tomatoes P> student




ACTIVITY

2. Have the students develop their
own food web as if they lived
in a primitive setting.

3. Ask the students to include "fried
chicken” in their food web.

SUNSHINE

algae tomatoes wheat ———>»cows (cheese)

S

menhaden 3 cnhnicken ——>student

4. Are there any carnivores in our pizza
and fried chicken food web besides the
student? Define: carnivore, herbivore,
omnivore or detritivore, primary pro-
ducer, primary consumer, and secondary
consumer.

5. Why does it cost more to cat a lobster
dinner than a catfish dinner? Discuss
the loss of energy at each trophic level
and the concept that the catfish is an
herbivore or detritivore and the lobster
is a carnivore.




22.

23.

OBJECTIVE

The student will be able to
describe the flow path of
energy through the trophic
levels of an ecosystem.

a. producers

b. primary consumers
1) omnivores
2) detritivores
3) herbivores

C. secondary consumers

The student will be able to
explain how certain chemi-
cals become more highly con-
centrated in the bodies of
organisms at the upper level
of a food chain.

CONCEPT

Energy
Flow

Biological
Hagnifica-
tion

water—palgae——)larvae

ACTIVITY

Use a food web to illustrate where the
matter and energy comes from and goes.
Do not forget respiratory energy loss.

Using a food web, have students identi-
fy the producers, primary consumers.

Review chemical solubility concepts.
Conduct an experiment using alcohol,
soap, water, and oils to show solubi-
lity. Then discuss how some materials
not passed out of the body are de-
graded into other materials.

The teacher should introduce the plight
of the brown pelican by tracing DDT
through the food chain.

»fish

Have students represent each member of a

food chain and use marbles to represent

a pesticide. Use this scenario to intro-

duce biological magnification.

64
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OBJECTIVE

24. The student will be able
to recognize that biological
systems are described as dyna-
mic because the materials
and energy involved are
parts of continuous cycles.

25. The student will be able
to recognize that inorganic
materials and energy become
a part of organic matter and
subsequently are broken
down into basic compounds.

26. The student wWill be able to
recognize that since the
supply of matter is finite,
the continuation of life
depends upon a cyclic flow of
nonliving materials between
organisms and their
environments.

CONCEPT

Dynamic
Systems

carbon
Cycle

Interde-
pendence:
Nonliving
and Living
Matter

1.

ACTIVITY

Show flow charts of each cycle. Ask
students (within groups) to describe
to the class how each part of the
cycle functions.

Use seasons, lifetime of organism, or
life cycles to demonstrate the concept
of cycles.

Use Sea Grant publications and trans-
parencies showing flow of carhon in a
salt marsh.

Food webs in the Salt Marsh are featured
in the Maryland Sea Grant publication
"Food Webs in an Estuary" and the
Washington Sea Grant "Marshes, Estuaries
and Wetlands." See "Environmental and
Marine Science Resource Guide" for other
publications which feature food webs,
including "Bird Island Basin" Texas

A&M Sea Grant, and "Food Webs in the
Marine Habitat" Delaware Sea Grant.

Have students consider what happens
to a closed fish tank (closed system)
and an open fish tank (open system) .

Experiment with open and closed
systems by making small aquaria
out of jars.

Discuss the earth as a closed system
and the body as an open system.

66
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OBJECTIVE CONCEPT
27. The student will be able to Limited
recognize that the natural Resources
cycles and systems on Earth of Earth

have limited capacity to cycle
or disperse natural and/or
manufactured pollutants.

D. Population Dynamics

28. The student will demonstrate Over-
an understanding of the early population
ideas of population growth.

ACTIVITY

Have students consider the limits of
the classroom: rules, space, and food.

Have students consider the limitation
of numerous other animals. Use examples
such as polar bears and tropical fish.

Have students consider other environ-
mental factors limiting life: temper-
ature, pressure, and atmosphere.

Examine the course of eutrophication
of a pond.

Many scientists and economists believe
that in less than a thousand years life
will be very different because of a
limited supply of clean water and oxygeng
Have students discuss what changes will
be needed to ¢ iapt and survive.

Assign students material to read about
Malthus' Theory.

Discuss Malthus' predictions and why
they have not come to pass.

Discuss why eventually his predictions
could come to pass. ’

™
)

11




29.

OBJECTIVE

The student will be able
to list several principles’
pertaining to the organi-

CONCEPT

Popula-
tion Group
Froperties

zation of population levels.
These would include:

a.

density--population size in
relation to some unit of space
natality--inherent reproduction
ability of a population
mortality—-—-death of individual
of a population

age distribution—--range of
groups within the population
fecundity--capability of repro-
ducing offspring (females).

E. Life Span and Life Expectancy

30.

31.

The student will be able to Popula-
draw and interpret an idealized tion
population growth curve, Density

a logarithm curve, exXponential

growth, and "plateau effect."

The student will be able to Environ-
understand that the rate of mental
change in an environment may Adaptation

exceed the rate of organism
adaptations.

69

ACTIVITY

Study population structures
of different organisms.

a. ants, termites, bees

b. roaches

c. birds (starlings,
d. grizzly bears

e. humans

California condor)

Study the demographic structures of
Western Europe, Egypt, India, Japan
Malaysia, Canada, and the United States.
Draw bar charts to show distributions.

Obtain quantitative information about
shifts in population: age shifts,
ethnic shifts, and nationality shift.
Discuss how these alter populations.

Use a calculator tco demonstrate the
concept of exponential growth with the
analogy of the increase of money in an
interest-bearing savings account.
Discuss the "Tragedy of the Commons" and
how it relates to the global picture.

Discuss possible changes that might
have caused extinction of the dinosaur,
mammoth, saber-toothed tiger, auk,
passenger pigeon, and possibly

the ivory-billed woodpecker.

EXxamine how the Superbowl typifies the

concept of extinctions. Consider:

a. How teams adapt each week.

b. How unsucessful teams are eliminated.

c. How teams must adapt to each others’
weather conditions.

12
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OBJECTIVE CONCEPT ACTIVITY
32. The student will be able to Special- 1. Compare the reproduction of a German
recognize that the more ization cockroach with that of a figwasp.
specialized an organism becomes,
the less adaptable it is 2. Compare the feeding patterns of a racoon
and the less able it is to with those of a koala bear of Australia.

survive environmental change.

3. Discuss job specialization in various
industries, such as the oil and gas
industry, and how the decline of an
industry has caused job "extinctions."

33. The student will be abl~ to Limiting 1. Discuss the difference between limit-
list limiting factors of a Factors ing factors of humans and those of all
population, including: of a Pop- other vertebrates.

a. space ulation

b. food 2. Have students list the most important
C. Clean water things that keep them alive and main-
da. other resources tain their quality of life. Use

Haslow's chart of needs. Discuss how
the removal of any of these "“things"™
would affect their lives.

3. Conduct an exercise that demonstrates
the limiting factors of any organism.
Use a spaceship to another planet to
stimulate interest. Ask the students
to prepare for the trip and to bring
the most critical items needed to
colonize a new planet. Use lists, or
pictures and drawings of these items
for discussion.

71
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34.

35.

36.

OBJECTIVE

The student will be able to
describe geometric population
growth and contrast it with
arithmecic growth.

The student will be able to
explain how to estimate a pop-
ulation growth by using:

a. extrapolation

b. prediction

The student will be able to
demonstrate that the carrying
capacity is determined by the
availability of materials and
conditions necessary for main-
taining a particular kind of
organism and that the earth's
carrying capacity is limited
for all species,

including man.

CONCEPT

Growth
Patterns
of a Pop-
ulation

Estima-
ting Pop-
ulation
Growth

carrying
Capacity

1.

ACTIVITY

Draw a graph showing examples. Use
data to graph accurately examples to
be used:
- growth of a bean plant
- growth of an insect population

of locusts
- growth of a population of hawks

Conduct a "modeling exponential growth"
laboratory. Use graph paper to
demonstrate the concept of exponent-
ial growth.

Using the predicting methods, estimate
a population growth or change if global
nuclear war took place--rat population,
roach population, human population.

Estimate the carrying capacity of the
city or town in which the students 1live.
Estimate how many students could 1live

in an area the size of their class roon.
Discuss waste disposal, food, water

and other resources.

Discuss the maximum number of petrsons
who could live for a limited period of
time in a student's home. Determine
the square footage.

Lo




II. HUMAN ECOLOGY
OBJECTIVE
A.  Human Population

37. The student will be able to
draw and interpret the human
population growth curve.

38. The student will demonstrate
an understanding that our
increasing population is one
of the world's greatest
problems.

he can provide food.

39. The student will explain that
man has the biological capabil-
ity of reproducing faster than

CONCEPT

Popula-
tion
Grnwth

Popula-
tion
Growth

carrying
Capacity

ACTIVITY

Have students plot the popualation change
from 5,000 years ago to the present on a
graph.

Examine the sources of the world's
problems: wars, disease, and
svarvation, etc.

Ask students to identify what they
think are the world's greatest crises.
Discuss each. Emphasize population

as a major factor within third world
nations.

Have students discuss how the
following factors can help man
avoid exceeding his carrying
capacity.

a. population control

b. new farmlands

c. better agricultural yield
d. better food crop storage

e. new types of food crops

f. global cooperation




OBJECTIVE

40. The student will be able to
recognize the effect increas-
ing population has on the
individual.

41. The student will be able to
identify the effect increasing
Population has on resources.

B. Human Population and Food

42. The student will be able to
compare the food availability
in developed countries with
that of the less developed
countries.

77

CONCEPT

Effect of
Population

Growth on the

Individual

Effect of
Population
Growth on
Resources

World Dis-
tribution-
and Con-
sumption
of Food

1.

ACTIVITY

Have students study changes in human
population over the past 60 to 100
years. Ask students now these changes
have affected their grandparents,
parents, and themsilves.

Examine changes in transportation,
development of shopping centers,
reduction of farms, size of schools,
and housing.

Have students study changes in hu-

man population growth and how it has
affected the consumption of resouces.
Compare periods such as World war II,
the Vietnam War, or other periods when
consumption was accelerated. Discuss
shortages of rubber, food, and fuel.

Have students compare the consumption
in the United States with that of the
less-developed countries. Use calories
to compare quantitatively.

Have students debate the Qquestion:
"Does the United States have the re-
sponsibility to feed starving nations?"
Include in the debate the political,
socio-economic, and moral issues.
Consider inviting representatives from
varicus interest groups. These might
include persons from third world
countries, international religious
missionaries, former Peace Corps
workers, sociologists, and medical
persons. Conduct a panel to allow the
greatest interaction to occur.
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43.

44.

45.

46.

OBJECTIVE

The student will be able to

describe factors affecting ma-
jor changes in human population

which include these factors.
a. Climate

b. early tool-making revolution

Cc. agricultural revolution
d. scientific revolution
e. medicine--health

f. space research

The student will be able to
discuss cultural, social,
and psychological factors
affecting human population
density.

a. pestilence

b. warfare

C. birth control

d. social attitudes

e. mental stress

The student will discuss bio-
logical factors affecting
population.

a. nutrition

b. disease

c. famine

d. death rate

e. birth rate

Students will recognize

that their attitudes and act-
ions can affect population
control.
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CONCEPT
Popula- 1.
tion
Growth
Popula- 1l.
tion
Growth
2.
3.
Population 1l.
Growth
Awareness 1.
of Respon-
sibility

of Humans
for Their
Of fspring

ACTIVITY

Discuss controversies surrounding
predicted trends. Assign students
readings about various industrial
periods that may have affected the
present population, and point out what
specific factors may have directly
altered populaktimn growth.

Discuss socia. factors and ussign
students topics to report on th