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INTRCDUCTION

The First Earthrise, Apollo 8, 1968, the photograph taken by William Anders appearing on
the cover of this book, has provided a theme for curriculum development efforts in Earth Systems
Education. The photograph marks a watershed in knowledge and concern about our Earth.
Partly as a result of our greatly enhanced technology exemplified by the ability to take this
photograph; our knowledge of planet Earth has changed dramatically since the last major
curriculum development efforts in the late 1960's and early 1970’s. We now realize that there are
important changes occurring in several of the Earth’s subsystemns. These changes are thought
to result from the expanding use of technology for the improvement of living standards, increased
consumption of fossil fuels, and the growth of the human population. Mrs. Gro Harlem
Brundtland, Prime Minister of Norway and the Chair of the World Commission on Environment
and Development, stated in her keynote speech for the Forum on Global Change and Qur Common
Future held in Washington, DC, in 1989 that:

We face a grim catalogue of environmental deterioration. We know that forests are
vanishing.... We are becoming increasingly aware of the spread of desert land. .... Good
soil is being washed away or eroded at alarming rates. It is estimated that about 150 plant
and animal species are becoming extinct every day, most of them unknown to laymen and
specialists alike. The stratospheric ozone shield is in danger. And above and beyond all
these signs of environmental crisis, the climate itself is threatened.

Political, scientific and social experts at that conference emphasized the need to develop informed
leadership and public awareness of issues of global change. This need will continue unabated into

the future. Our children and future leaders must understand these issues and the science that
lies behind them.

With such an important need, it is of concemn that a comprehensive search of curriculum
materials designed for middle and high school science classes, revealed relatively few materials
related to global change issues. This book is intended t~ aelp teachers fulfill the need for more
attention fo such Issues. It is divided into three sections. The f{irst contains teaching materials
targeted at the middle school level. The second contains materials for use primarily in high school
science classes including biology, chemistry and physics. The third section contains "fact sheets"
intended primarily for teachers, to assist them in improving their knowledge of a variety of issues
in glotal change, and in adapting for their classroom use various technologies as an aid in
teaching about such issnes. In each of the activities we have attempted to include the appropriate

science content along with a focus on the Earth as an integrated system. Each activity has an
annotated bibliography-of useful references.

These materials have been developed with the active involvement of scientists from the
Byrd Polar Research Center, teachers from Ohio and Michigan schools, and science curriculum
specialists from The Ohio State University. Activities were designed to assist teachers and their
students to reach the goals stated in the Framework for Earth Systems Education, that
immediately follows thic Introduction. This framework was developed for a National Teachers
Enhancement Program (PLESE - Program for Leadership in Earth Systems Education) supported
by the National Science Foundation.

Many of the activities illustrate the historical approaches of scientific inquiry that are so

~
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frequently ignored in standard science teaching materials, yet these are the methodologies that
have resulted in our knowledge of global changes and in the development of theories such as
evolution and plate tectonics. It is important that citizens understand these approaches to
scientific inquiry just as they are expected to understand the experimental and laboratory
approaches used by the physicist and chemist. Each activity also demonstrates the linkages
between Earth subsystems. Many include elements reflecting the importance of stewardship of
our resources and elements of art, music or literature.

Use of the format in each topic is highly recommended. The topic may be taught in a
single activity or be divided across a nurnber of activities. Some of the concepts in later activities
are dependent on understanding the previous material. All of the topics contain the following
sections: Objectives; Earth Systems Understandings (comporicinits of the Earth Systems
Framework addressed in the activity); Materials necessary; Procedure to be followed; Extensions
(ideas for ways to include additional understandings); Teacher Background Information (an
annotated list of 2 or 3 excellent references for the activity); and References (a general list of
books, scientific and magazine articles) for the teacher and students. Relevant audio-visual
references are also cited here. Additional teacher information is Jocated inside brackets within
each activity. It is recommended that this information is omrmited if the activity is reproduced for
students.

Global change activity topics include, but are not limited to: greenhouse effect and global
warming, ozone depletion, shrinking freshwater resources, deforestation and effects on
biodiversily, climate modeling, volcanic eruptions, and proxy data for global climate change.
Following the Framework there is a chart produced by National Aeronautics and Space
Administration (page vi) which illustrates the time and space scale of Earth processes. This chart
would make an excellent overhead transparency master. It could also be used to design a walil-
size concept map for the global change activities and Earth processes. The impact of technology
on the study of the Earth and on the dissemination of informatior about the Earth is also
addressed by materials in this book.

Integrating the five Earth subsystems (atmosphere, biosphere, cryosphere, hydrosphere
and lithosphere) and the seven Earth Systems Understandings is motivating for teachers and
students. (Refer to page v for a representation of this integration.) It also offers additional
insights into the complex interactions of the world's systems, their influence on each other and
on the planet. This approach opens new horizons in science teaching by offering alternatives to
the teacher and students. Finally, but most importantly, it may lead to a better understanding

of nature, technology’s role in today's society, the complex interactions between the different areas
of the environment, humans and Earth, the planet we all call home.

We hope that you will find the activities and materials useful in your attempts to
modernize your science curriculum. We believe that they will help to ensure that your students
becorne acquainted with some to the great issues today that relate to the appropriate use and care
of our Earth systems and accordingly that we will be able to pass on to future generations the
benefits that our Earth systems have provided us.
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Aruitoxt provided by Eic:

FRAMEWORK FOR EARTH S8YSTEMS EDUCATICN

URDERSTANDING ¢1: Earth is uaique, a planst f rare

beauty, and great value,

. ‘Ihebenmyundvnlucof&nhmcxptn-edbynndl’or

peopie through Hterature and the arts.

. Hmwmndwhhmhnmcdbynbam
understanding of its subsystems.

e Humans manifest thelr appreciation of Earth through
thetr responstblc behavior and stewardship of its
mbaylu:x_nl.

UNDERSTANDING #3: Euman activitics, collective and
{adividuai, censcious and inadverteat, are seriously
impacting Karth.

«  Earth is vulnerabk: and its resources sre limited and
suscepiible to overuse or misusc,

e Coutinued population growth accelerates the depletion of
mmﬂmmmorwmu
including other species.

*  When considering the use of natural resources, humans
first need to rethink their kfestyle, then reduce
consumption, then reuse and recycle.

¢ Byproducts of industrialization pollute the air, land and
water and the cffects may be global as well as near the
source.

*  The better we underatand Earth, the better we can
manage our resources and reduce our impact on the
environment worldwide.

UNDERSTAMDLHG ¢3: Ths development of scieatific
thinking and technology increases eur abiiity te
understand and utilize Karth and spacs.

« Blolagists, chcmists, and physicists. as well as scientists
from the Earth and spacs scicnce disciplines. usc a
varicty of methods 1a their study of Earth systems.

e  Direct observation, simple tools and modern technology
are uscd to create, teat, and modify models and theories
that represent. explain, and predict changes in the Earth
system.

e Historical, descriptive, and empirical studics are
tmportant methods of leaming about Earth and space.

e  Scientific study may lead to technological advances.

*  Regardlcss of sophistication, technolo iy cannot be
expected to sotve all of our problems.

e The usc of technology may have benefits as well as
unintendod side cflects.

UNDERSTAMNDING ¢#4: The Earth systeam is composed of
the interacting subsystems of water, rock, fee, air, and
life.

*  The subsystems arc continuously changing through
natural processes end cycles.

e  Forces, motions and energy tranalormations drive the
interactions within and between the subsystems.

* The Sun is the msjor external source of encrgy that drives
most system and subsystem interacticns at or
ncar the Earth's surface.

e  Each component of the Earth system has charscteristic
propertics, structure .ad composition, which may be
changed by interactions of subsystems.

e Platc tectonics is a theory that cxplains how intemnal
forces and encrgy cause continual changes within Earth
and on its surface.

e Weathering, crosion and deposition continuously reshape
the surface of Earth.

e The presence of kife aflects the characterisics of other
systems.

UKDERSTANDING ¢#5: Earth is ‘mose than 4 biliem years
old.-dlummcomﬂnuny evolving.
Farth's cycles and natural processes take place over time
inteovals ranging from fractions of seconda to billions of

years.

o Matcrials making up Earth have been recycied many
tmes.

«  Foasils provide the evidence that lifc has cvolved
interactively with Earth through geologic time.

« Evolution is a theoty that explains how life has changed
through tme.

UNDERSTANDIXG ¢ 6; Earth is a sroall subsystem of a

Seolar system within fhe vast and ancieat universe.

«  All material in the universe, including living organisms,
appears to be composcd of the same ckements and o
behave according to the same physical printiples.

«  All bodies in space, including Earth, are influenced by
focces acting throughout the solar system and the
universe.,

* «  Ninc planects, including Earth, revolve around the Sun in

ncarly circular orbits.

e Earth is a 3mall planct, third from the Sun in the only
system of plancts definitely known to exist.

¢ ‘The position and metions of Earth with respect to the Sun
and Mocn determine scasons, climates, and tidal changes.

e ‘The rotation of Earth on its axis determines day and
night.

UNDERSTANDING #7: There are many poople with carecrs
and interests that invelve study of Tarth's origim,
processes, and cvolutien.

e  Teachers, scientists and techniclans who study Exrth are
employed by businesscs, industrics, government agencies,
public and private inatitutions, and as independent
contractors.

e  Carcers in the sciences thst study Earth may include
sampic and data collection in the Gcld and analyscs and
experiments in the labocatory.

*  Scientists from around the world cooperate and
collaborate using cral, written, and electronic means of
cominunication.

*  Somc scicntists and technicians who study Earth use
their specialized understanding to locate resources or
predict changes in Earth systcms.

e Many poopic pursuc avocations related to planct Earth
processcs arxl msterials.

The development of this framework atartcd in 1988 with a
conference of educators and scientists and cuimingted in the
Progr.m for Leadership in Earth Systems Education. Itis
intended for usc in the development of tntegrated acience
curricula. The framewock represents the cfforts of some 200
teachers and scientists. Support was received from the
National Science Foundation, The Ohio State University and
the Untversity of Northern Colorado.

For further informaton on Earth Systems Education contact
the Earth Systems Education Program Office, Department of
Educational Studies, The Ohio State University, 29 West
Woodrull Avenue, Columbus. Ol 43210.
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BARTE SYSTERUS BIDUCATIOR
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2. STEWARDSHIP

3. SCIENTIFIC
PROBLEM SOLVING

1. BEAUTY
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, BIOSPHERE

A\

CRYOSPHERE
RE

HYDROSPHE

7. CAREERS &

AVOCATIONS 4. INTERACTING

SUBSYSTEMS

6. PLANET EARTH — 5. DEEP TIME
A SUBSYSTEM

Earth Systems Education (ESE) recognizes that the planet Earth is composed of FIVE interacting
subsystems or spheres - atmosphere, biosphere, cryosphere, hydrosphere and lithosphere.

The systems cannot be isolated, each one influences the other four. From this realization, a
framework of SEVEN Earth Systems Understandings (ESU) have been formulated.
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Scientists need to make detailed, accurate observations in order to correctly
interpret what they are seeing. Small outward differences between organisms, for
instance, can indicate important but unobservabie differences within.

One of the first persons to study these differences was Charles Darwin. In
1835 he visited the Galapagos Islands, which are a small group of volcanic islands
located several hundred miles west of Ecuador in the Pacific Ocean. While on the
islands he made a collection of plant and animal specimens and noted the small
differences between organisms. At first he didn't notice that these variations were
specific (o the different islands. After his return home to England, he made detailed
sketches of the animals including finches (Figure 1). Only then, did Darwin go back to

all the Galapagos specimens and note the geographic relationships of their physical
differences.

Apparently the finches adapted to the various food sources available to them
on the different islands. In this way, the different finch species did not compete with
each other for food, their beaks allowed them to feed con a variety of food sources.
This, and other evidence, lead Darwin to formulate his theory of natural

selection.
1 2
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Figure 1. - Galapagos finches sh.wing 4 different beak sizes and types.

Activities for the Changing Earth System: funded by a grant from the National Sclence
Foundation and with support from The Ohlo State University.
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Darwin’s theory states that an individual with a physical change, has an
adaptive advantage over his/her siblings. This individual may exploit a certain
environment, while his/her siblings have to remain in their original environment. This
characteristic is then passed on to his/her offspring and over a considerable period
of time a new species may emerge, related to the original but cleariy distinct from it.

When we look at the impacts of human-caused changes in environments, we
observe the variety among living things and note the value we attach to various
species. Developing acute skills of observation will prepare us to detect important
aspects of our environment and how they change and interact. The concepts studied
in this activity include: vatural selection, species, reproductive isolation, evolution,
invasion of new species and endangered species.

Objectives: When you have finished this activity you will be able to:

1) demonstrate an ability to observe small differences between
common items.

2) show how items can be classified on the basis of small
differences.

3) state how scientists decide whether a group of organisms
constitutes a species.

Earth Systems Understandings (ESUs): This activity focuses on ESUs 4 and 5,
however the following ESUs are covered in the Extensions — 1, 2, 3, 6 and 7. Refer to
the Framewoui: for ESE for a full explanation of each ESU.

Materials: twenty (20) aluminum pull-tabs per team of 2-3 students; at least one

pull-tab that separates from the can rather than staying attached t it; paper and pencil
for drawing.

Procedure:

1) Test your powers of observation by drawing a familiar object in your classroom
from memory. Do notlook at it. Compare your drawing with the real thing. What
important characteristics did you leave out, if any? What parts did you draw differently
than the real thing? Why do you think these differences appeared in your work?

2) Now draw an aluminum pull-tab of the kind that would be attached to a
beverage can. Compare your drawing with those of your classmates. Have you all
noted the same characteristics of pull-tabs? Do &ll pull- tabs look alike, or were you
remembering different types as you made your drawing?

3) Each team of two or three students will receive about twenty pull-tabs from
different brands of beverages. Study the characteristics of the pull-tabs as if they were
organisms. For this activity, these pull-tabs are called "aluminontos"; "onto" means a
being, something alive, and imagine that they are actual organisms. Identify the
dorsal and ventral sides. Which end would you consider is the head? How accurate
were the drawings in comparison to the.real thing?

2 14 ACES © 1993




4) Sort the aluminontos into groups that have similar characteristics. How do the
_aluminontos differ from each other? What differences are great enough to be used as
a means of grouping? How did you decide?

Biologists identify a group of organisms as a separate species if members of
the group can only repreduce successfully among themselves, not with other .
organisms outside the group. That is, the group is reproductively isolated from
other similar groups. Horses look like zebras but are of a different species, and there
are no hybrids between them even though they are of the same genus. Horses
(Equus caballus) can reproduce with horses, and zebras (Equus zebra) with zebras
only. On the other hand, under natural conditions all the dogs we have as house pets.
can theoretically reproduce with each other even though they are very different in
external characteristics. They are all of the same species, Canis familiaris.

5) At least cne team has an aluminonto that doesn't fit well into any of the other
established groups. Find that “organism" and discuss why it is unique. Since there is
only one, how would you as a scientist dzcide if this is a mutant of the more common
species, an invading organism, or an endangered species? Discuss the implications
of each possibility. What role would natural selection play in this process?

6) Can you relate your findings with the aluminontosto Darwin’s finches and the
other organisms on the Galapagos islands?

Extensions:

1) Life on Planet Earth is beautiful, unique in the solar system and of immense
value to the human race, aesthetically and financially. Divide the class into groups of
3 - 4 students. Each group should produce a presentation, in any form (written, song,
play, eic.) and in any medium (slide, video, demonstration, etc.) which exhibits the
great diversity of life on the planet. Groups may select one theme, e.g. forests of the
world or local ecosystems.

2) Describe how humans’ increasing use of technoiogy has affected the diversity
of life. Select one group of plants or animals and discuss how it has been influenced
by technology. :

3) Planet Earth appears to be the only planet in our solar system that sustains life,
as we know it. Why? (There are some scientists who believe that there is a chance of
microorganisms on Mars.) Why does Earth possess such a diversity of life? How does
this biodiversity affect our daily lives?

4) Are all the plants and animals that have appeared over millions of years of
development still present on the planet? Are dinosaurs, huge treeferns and
passenger pigeons still living? Why not? Give reasons for your answers.

5) If Charles Darwin was alive at present, what type of career would he have?
What type of training would he require to do his work? What other careers are
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involved in evolution and investigating the planet's past?

6) Are there present examples of organisms that are adapting to changes in their
environment? Are these changes artificial or natural or both? What role do the
evolving subsystems play in these adaptations? Give reasons for your answers.

Teacher Background Information:

Lewin, R. 1978. Darwir’s Forgotten World. New York: Gallery Books.
This book contains numerous photographs sharing the diversity of life in the
Galapagos archipelago. It also summarizes Darwin’s life and the Voyage of the

Beagle. Easy reading. (Maps and illustrations used in this activity are from this
book.)

Wilson, E. O. 1992. “The Diversity of Life.” Discover. September. 45 - 68.
An excellent article summarizing this scientist’s thoughts on the present
situation of biodiversity and the planet in general. Wilson examines various
extinctions throughout the history of Earth and how different species evolved.
He compares this with the present rate of species extinction. This article is a

more readable account of the material appearing in the 1988 book Biodiversity
edited by this author.

Findley, R. 1990. “Will We Save Our Own?" Narional Geographic.
178 (3) : 106 - 136.
An article examining the situation of the virgin, old-growth forests of the U.S.
Findley documents the history of logging in this nation and how the Forest
Service has managed various forests. Tiie various people connected with
forest management are mentioned in the article. The questions of deforestation
ard the loss of biodiversity in these store houses of life are investigated.

Niuminating illustrations and photographs create vivid images of this ecosystem
and its problems.

References:

Hageman, S. J. 1989. “Use of aluminontos to introduce general paleontologic and
biostratigraphic principles.” Journal of Geclogical Education. 37 (2) : 110- 113.

VIDEO

Sagan, C. 1980. Cosmos — A Personal Voyage: One Voice in the Cosmos Fugue.
KCET and Carl Sagan Productions Inc. In Association with BBC and Polytel
International. © 1980 Community TV of South California TV of KCET.

In this video, Sagan condenses the evolution of the planet and life into a

cosmic calendar year and speculates on the occurrence and form of
organisms on Jupiter.
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TG1. A community of aluminontos. Mark each individual to tell if its dorsal (top) view is
showing, or its ventral side (underside). What characteristics indicate that more than
one species may be present?
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TG2. A possible classification scheme for alumirnontos.

Species 1 Species 2

Species 3

Endangered
Species

16
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Biological Diveisity

Around the School

lustration by C. lavel

You don't have to be in a tropical rain forest to observe biological diversity.
Wherever there is more than one species present, there is diversity. In this activity
students will examine their own surroundings for the amount of biological diversity
present. The concepts studied include: biodiversity, ciassification systems; stable
ecosystems and species.

Direct observations and simple tools can be used to create, test, and modify the
theories that represent and explain changes in the Earth system. The backyard of a
school is a natura! setting for students to begin their observations. It is not always
necessary to have the latest computer technology. The human senses, in a local
setting, can be used to begin this crucial process of inquiry.

Objectives: Wh:n you have finished this activity you will be able to:

1) describe two or more different habitats near your school.

2) identify several different organisms in each habitat.

3) demonstrate an ability to use taxonomic keys to classify organisms.
4) calculate a species diversity index for the habitats identified.

Earth 'Systems Understandings (ESU): This activity focuses on ESUs 1, 3 and
4, however the following ESUs are covered in the Extensions — 2, 5, 6 and 7. Refer to
the Framework for ESE for a full explanation of each ESU.

Actlvities for the Changing Earth System: funded by a grant from the National Sclence
Foundation and with support from The Ohio State University.
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Materials: air thermometer; soil thermometer; psychrometer (used for measuring
humidity); light meter; soil testing kit (optional); clipboard; data sheets; pencil; guide
books (see pages 18 — 19 for a suggested list of guides); computer with database
software; Figures 1 and 2; biome map.

Procedure:

1) In teams of four students, go outside the school to an area with several different
habitats available. Your teacher will identify the size of habitat to be studied based on
available areas. -

[Ideally each area will be a square about 3 m on each side.]
Each team will have one person assigned to each of the following responsibilities:

a) physical characteristics measurement and recording;

b) organism identification using taxonomic keys;

c) organism sketches as needed, and written Gverview description of general
characteristics of the area;

d) organism counts by species.

(It is likely that organism identification will be the most difficult job. Other
students without this assignad responsibility should be enlisted to assist in
identification if needed. You rmay wish to have all students participate in #2-3
below, then divide the identification responsibilities.]

2) In the habitat assigned to your team, record on a single team data sheet the
physical characteristics of the area:
i) air temperature one centimeter and one meter above the ground;
i) soil temperature on the surface and eight centimeters in the
ground;
iii) amount of light reaching the ground and one meter above the
ground;

iv) soil moisture, pH, and compaction (if equipment is available),
and relative humidity of the area.

3) Write a brief paragraph describing the general type and amount of plant growth
in the area, and record any signs of animals there.

4) Using field guides or locally constructed taxonomic keys, identify in the area as
many species as possible, both plants and animals, by common and scientific names.
Take care not to disrupt the habitat and organisms as you work in the area. Count and
record the number of individuals in each species. If you cannot identify an organism,

sketch it and check other reference materials in the library. It is important to accurately

determine the number of different species in the area, even if all cannot be identified
precisely.

()]
~
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5) Indoors, enter your species into a computer database. Each data file should
have a format that includes the following:

Phylum

Subphylum .
Class Common name
Order Number of
Family individuals
Genus Habitat (Team
Species assignment)

Complete as many of the database categories as possible for the organisms
you find.

6) Arrange your data in a way that makes it valuable to you: most abundant to

least, alphabetically by common name, all piants, then all animals, or however you can
use the data efficiently.

7) Calculate the species diversity index for the habitat you were assigned,
using the following formula.

d = S/log A

d =diversity S = number of species in A =the sample area, usually
the sample in square meters

[for younger students, using d = S/A also gives adequate comparisons of
data]

8) Compare the data you collected, and the calculations you made, with those of
other teams observing different habitats. What types of plants appear to grow best in
habitats that are moist and cool? warm and bright? Which habitats have the greatest
number of individual plants? Which have the smallest number of plants? Compare

the size of the numerous plarits with the size of the scarce ones. Which habitats nave
the most signs of animals?

9) Scientists know that the most naturally stable ecosystems are those that

have a high biological diversity. Considering the importance of interrelationships, food
webs, and such, explain why this is the case.

[Stable ecosystems have attained a high level of biodiversity with complex
interrelationships and food webs. This usually is indicated by the
establishment of the climax community for that ecosystem. For instance, while
a forest community is forming it will have different types of plants and animals
present at various stages in its development. As the forest matures, some of
these plants may die off; others will colonize the area. Animals show a similar

9 ~4 ACES © 1993




pattern. The highest diversity seems to appear before the community has
reached the climax stage in succession. However, once the forest has
attained maturity and become a stable ecosystem, a high diversity of plants
and animals will exist.]

10)  On your data sheet, list the species diversity calculated by all teams in order
from the highest to lowest diversity. Which school habitat is likely to be the most
stable?

11)  Figures 1 and 2 are photographs of the city of Worthington, situated
approximately 8 miles outside Columbus, Ohio. The first photograph was taken i
1938, the second in 1989. The circular dot on each photograph represents the same
geographic location. The dot is located at the junction of the two roads, right of center
in Figure 1. In Figure 2, the dot is positioned right of center, towards the lower right
corner of the photograph.

What has happened to the area over this 51 year period? How has the area
changed? From what you can see, how has the human community and its lifestyle
altered during this period? Do you think this development has had an effect on the
biodiversity of the area? Why?

The DNR of your state can help you locate recent and old aerial ptiotographs of
your area so you can make similar comparisons.

12)  Examine the biome map. Describe the percentage ot the world that has similar
ecosysiems to your local ecosystem. Discuss a larger ecosystem (beyond your school)
that would have a very high or low biological diversity.

13)  Which is the most stable ecosystem — a tropical forest or a desert? Why? Why
have deserts existed for so long?

[Further discussion could continue on this aspect of stability and perhaps the
need to alter the definition of this term.] :

14) How does what you have learned in the previous activity, ‘Observing
(Bio)Diversity,’ relate to this activity? From information concerning the Galapagos
Islands, would you consider them stable ecosystems? Why?

15)  You have examined a biome map and photographs of localized development.
Humans, as a species, are increasing in number woridwide. What influence do you
think this increase in numbers and the development associated with it will have on the
biomes of the world? What do you think should be done? How could you help this
situation?
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TEAM

SCHOOL BIODIVERSITY DATA SHEET

HABITAT
LOCATION

1 Team Task Assignments:

HABITAT DESCRIPTION
2 Physical Characieristics:

Air Temp. 1cm

im

Soil Temp. Surface

8 cm deep

Light Ground

m

Relative Humidity

3 Seoil Characigristics:

4 Appsarance of the arsa:

5 Biological Charactsristics:

SPECIES NUMBER

SPECIES NUMBER

27




6

7

8

10

11

.
B+
| A FuiiText Provided by

COMPARISON OF HABITATS:

SCHOOL BIODIVERSITY DATA SHEET (Il)

Put the number of species in a database and arrange them. Attach a printout from your work.

Calculate the species diversity index for your habitat.

Compare the data of all habitats studied. What types of plants appear to grow best in
habitats that are: '

moist and cool?

warm and bright?

Which habitats have the most individual plants?

Which have the least plants?

Compare the size of the numerous plants with the size of less common species.
Which habitat had the most animal signs? Why?

Explain why high biological diversity indicates a stable ecosystem.

List the class diversity indices from the highest to the lowest. Which schoo! habitat is likely to
be most stable?

Describe a larger ecosystem that would have a very low/high biodiversity.

ke
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Extensions:

1) You have just examined the biodiversity that exists around your school. The
habitat around your school is a modified habitat. Explain how you think this alteration
has changed the flora and fauna in this area. If your school had not been constructed
in this location, what type cf habitat do you think would have been present?

Some students should produce a collage poster presentaticn for the area
before the school and other structures existed there, while the remainder of the class
should produce a similar presentation for the current situation. Students should give
reasons why they believe or don’t believe that the area around the school is unique,
beautiful and of great value.

2) How have the different subsystems interacted to create the areas that surround
you in school and at home? Are these interactions continuing or have they ceased?
Support your answer with some scientific evidence.

3) Examine the age of the planet Earth and its evolving subsystems. How has this
process influenced the diversity of life on the planet? Humans have been present on
Earth a very short time in relation to the age of the planet. How have humans
influenced and reshaped the landscapes? Examine this question throughout human
development — from prehistory to the industrial revolution and up to the present day.
What Earth evolution processes are affecting the area around your schoo! and home?
Explain your answer.

4) An alien ship has landed near your school. They inform you that they are going
to destroy the planet Earth, because it is blocking the construction of an interstellar

highway. You have to produce an environmental impact study to dissuade the aliens
from terminating the planet.

5) As a continuation of the previous question, assume a local development is
taking place which needs an environmental impact study produced. Some of the
students should produce this study. A simulated town meeting should be created in
which both sides are examined. The students not involved in producing the study
should roleplay the developers and give reasons for the development.

6) List the people that may affect the biodiversity around your school. in what

ways could the training for their career make them more aware of the effects that they
may have on biodiversily in general.

7) Two Viking space craft landed on Mars in an attempt to identify the presence of
life there. Why do scientists think that Mars might harbor life? What did the space cratt
find? How were experiments designed to identify life on Mars? If life occurs there,
what could be said about its diversity?
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Teacher Background Information:

Revelle, P., and Revelle, C. 1984. THE ENVIRONMENT Issues and Choices for
Society. Boston: Willard Grant Press.
A textbook that uses an environmental approach for the dissemination of
knowledge concerning the problems that face the environment. Issues
covered include energy problems, population increases, ozone depletion,
habitat loss, etc. The authors also examine the decision-making process in
relation to environmenta! problems.

National Park Service. 1991. Biological Diversity: It makes all the difference.
An excellent 14 minute video that examines biodiversity at species, genetic
end ecosystem levels. It also investigates biodiversity in relation to ecology,
economy, ethics and esthetics. (NPS units possess this video with a set of
interpretive curricula. Contact your local NPS unit for details of this video.)

Wilson, E. O. and Peter, F. M. Editors. 1988. Biodiversity. Washington D.C.: National
Academy Press.

A collection of essays by eminent scientists that detail the current situation of
biodiversity in the world. They examine various facets of this issue including
the loss of biodiversity, its results on the environment and our economic
dependence on biodiversity.

Refetrences:

BSCS. 1982. BIOLOGICAL SCIENCE An Ecological Approach. BSCS Green
Version. Boston: Houghton Mifflin Company.

NASA. 1987. Photography Index. Washington D.C.: Public Affairs Division, D.C.
20546.

Spitzer, C. R. 1980. NASA, Scientific and Technical Information Branch. Viking
Orbiter Views of Mars by the Viking Orbiter Imaging Team. Washington D.C.:
U.S. Government Printing Office, D.C. 20402.

Walker, R. 1991. Environment on File. New York: Facts on File, Inc.

Whittaker, R. H. 1975. Communities and Ecosystems. New York:
MacMillian Publishing Co., Inc.
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GUIDE BOOKS

The following is a list of guides that you might like to use for your identification and
drawing acuvily. It is best to avoid books that have a worldwide scope. There are U.S. guides,
regional guides ond state guides.

Avoid the temptation to just draw pictures from the guidebooks. You should really look
for your local species and learn how to identify and appreciate them.

Series

1) Peterson Field Guide Series, Houghton Mifflin Co., Boston, Massachusetts.
— black and white illustrations
— some regional guides
— some topics include: mammals, wildflowers, seashores, fishes,
insects, reptiles and amphibians, birds and birds' nests, trees and shrubs, forests.

2) Golden Field Guide Series, Western Publishing Co., Racine, Wisconsin.
— two series, one smaller, simple pocket guide and a more complete one

— topics include: seashells, fishes, reptiles and amphibians, weeds, flowers, insects,
birds, mammals, trees.

3) Simon and Schuster Guides, Simon and Schuster, New York.
— color illustra.ions

— topics include: fossils, shells, trees, insects, mammals, mushrooms, cacti
and succulents, freshwater fish.

4) Stokes Nature Guides, Little, Brown and Co., Boston, Massachusetts.
— black and white illustrations

— topics include: wildflowers, animal tracking, nature in Winter.

5) Audubon Society Field Guide Series, Alfred A. Knopf Co., New York.
—- color photographs
— some regional guides
— topics include: fossils, seashores, fishes and marine mammals, wetlands,
deserts, wildflowers, trees, insects and spiders, birds, mammals, forests.

General

1) A Field Guide to The Familiar: Learning to Observe the Natural World, 1984.
Lawrence, G. New Jersey: Prentice-Hall, Englewood Cliffs.

2) Tom Brown's Field Guide to Nature Observation and Tracking. 1983.
Brown, T. Jr. New York: Berkley Books.

3)  Crinkleroot's Guide to Walking in Wild Places. 1990. Arnosky, J.
New York: Bradbury Press.
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4) Lions and Tigers and Bears: A Guide to Zoological Parks, Visitor Farms,
Nature Centers, and Marine Life Displays. 1984. Ulmer, J. New York:
Garland Publishers.

5)  World Wildlife Fund's Guide to Endangered Species of North America.
1990. Edited by Lowe, D. W. Washington D. C.: Beacham Publications.

Flora

1)  Common Poisonous Plants and Mushrooms in N. America: 1991. Edited by Turner, N. J.,
and Szczawinski, A. F. Timbress Press.

2)  Mushrooms Demystified: A Comprehensive Guide to the Fleshy Fungi. 1986. Arora, D.
Ten Speed Press (Second Edition.)

3)  Wildflowers and Weeds, A Field Guide in Full Color. 1972. Courtenay, B., and
Zimmerman, J. H. New York: V. N. Reinhold.

4)  Grasses, An Identification Guide. 1979. Brown, L. Boston, Massachuseits: Houghton
Mifflin Co.. (Line drawings.)

5)  North American Trees. 1980. Preston, R. J. Ames, lowa: lowa State University Press.
(Exclusive of Mexico and the tropical U.S..)

Fauna

1)  Insects of North America. 1971. Kiots, A., and Klots, E. New Yort:: Doubleday & Co..

2) Butterflies East of the Great Plains. 1984. Opler, P. A., and Krizek, G. O.
Baitimore, Maryland: Johns Hopkins University. (Color photographs.)

3) Field Guide to the Birds of North America. 1983. Allen, T. B. Edited by Scott, S. L.
National Geographic Society. (Color photographs.)

4) Ducks at a distance: A Waterfowl! Identification Guide. 1978. Hines, B.

Washington D. C.: Departinent of the Interior, Fish and Wlidiife Service,
U. S. Government Printing Office.
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Trees on the Move:

Mapie Migration

When we think about changing climates and their impact on biological diversity,
we most often think of animals as the types of organisms that are threatened. But
plants too will encounter climate changes and have to adapt or perish. Where the
vegetation consists of crops that people plant, we can expect that people will just try to
plant them elsewhere or find a better crop for the new climate. With forest vegetation,
it's a different story. Trees can't migrate very rapidly to the places where climate is
favorable! In past ice ages, the changes in climate were slow and some evergreen
tree species were able to migrate south in front of the glaciers as they advanced. The
climate changes we face in global warming are likely to occur much faster than that,
and trees may not be able to “make their move” in time to survive.

This activity focuses on the sugar maple as a species that will be affected by
climate changes. Maples are already impacted by acid deposition, especially in the
northern parts of their range in Canada. The sugar maple is the most important of the
maples. It may reach a height of 135 feet (41 meters) and have a trunk diameter of 5
feet (1.5 meters). It has gray bark and dark green leaves. In autumn the leaves turn to
beautiful yellow, orange and red. In addition to the maple syrup we get from these
trees, the wood of the sugar maple is prized because it is heavy, hard and takes a fine
polish. The wood has been used since colonial times for furniture, flooring, musical

instruments, and saddles. It makes a good fuel wood because it is dense and burns
hot for a long time.

The sugar maple leaf is the national emblem of Canada because of the tree's
importance to the Canadian economy. Eastern Canadian forests contribute $14

billion to the nation’s economy and maple syrup production adds another $36 million.
The leaf forms the centerpiece of the Canadian flag (Figure 1).

Activitles for the Changing Earth Syetem: funded by a grant from the National Science
Foundation and with support from The Ohio State University.
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in this activity we will examine the climate niche of the sugar maple Acer
saccharum, and see how some global ciimate models predict that niche is likely to
change. We will observe an example of how plants migrate, and predict some
possible impacts on North American economy as maple ranges shift.

Figure 1. - Canadlan Flag with Sugar Maple symbol.

The concepts studied in these activities include: climate; plant migration in
relation to changing climate; General Circulation Models (GCMs) ; isotherm maps;

impact of plant migration on economies; and the factors necessary for plant
migration.

Objectives: When you have completed this activity you should be able to:

1) compare temperature and precipitation predictions made by General
Circulation Models {Activity A).

2) distinguish differences between range maps for a given tree
species (Activity A). '

3) explain how plants “migrate” (Activity B).

4) analyze how impacts of global change on plant species would have a
human impact as well (Activity B).

Earth Systems Understandings (ESUs): This activity concentrates on ESUs 2,
3 and 4, however, the following ESUs are covered in the Extensions — 1, 5 and 7.
Refer to the Framework for ESE for a full description of each understanding.

Activity A: How will global climate change affect the habitat for maple
trees?

Climate is the general character of the weather that exists over a particular
region of the earth for a long period of time. Unlike the weather, which represents
hour-to-hour and day-to-day changes in the atmosphere over a region, climate is the
average of all the weather changes over a region for a great many years.

The major factors that are often used to characterize the climate of a region are
temperature and precipitation. Because the surface of the earth is not heated evenly,
and because land masses, oceans, and polar ice masses are distributed unevenly
over the surface of the earth, the climate varies greatly from region to region.

One way climatic conditions can be summarized is by constructing an
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isotherm map. Isotherms connect all the places of equal average temperatures for that
region. Figure 2 is a January isotherm map for North America.  Predict how global
climate change could impact the position of the isotherm lines on a future January
map?

fsotherm -

Isothermal lines on a map connect
places that have the same average
temperature. The map at the right
shows the January isotherms for most
of North America. Temperature is
measured in degrees. Average
temperatures shown on the map range

from -40°C to +20°C.

Figure 2. - Isotherm map for North America.

Scientists have been trying to understand climate by studying current records of
events and by examining the geologic records. The importance of understanding and
predicting future climates has intensified as the amount of carbon dioxide in the
atmosphere has increased. Since there are so many physical processes responsible
for the structure and variation of climate, scientists have constructed mathematical
models to project future climates.

Computer models can help iflustrate events that may occur in the future.
Scenarios may be used to identify possible effects of climate change and to evaluate
responses to those effects. By analyzing many scenarios, scientists may be able to
determine the direction and relative size of change. It is important to realize that
scenarios are not predictions, and their probabilities are not known.

Materials: ‘Understanding Climate Models' fact sheet.

Procedure: )

The most frequently reported climate predictions are based on General #
Circulation Models (GCMs) named for their place of origin: GISS (Goddard Institute for
Space Studies - NASA), GFDL (Geophysical Fluid Dynamics Laboratory - NOAA), and
OSU (Oregon State University). From these models, it is possible to calculate the
impact of the doubling of CO, on globai climate change. For this purpose, North
America has been divided into a number of regional grid boxes (or columns of air)
approximately 300 miles on each side. The next page illustrates the GCMs for specific
points within the grid boxes in the Great Lakes area. For a comparison of these
models, see the fact sheet cited in the materials section.
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Genaral Circulation Modelis (GCMs) lilustrating the average change In
temperature (upper) and precipitation (lower) over Great Lakes grid
points. (Source: US EPA, The Potential Effects of Global Climate
Change on the United States, 1989.)
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1j Each species has a certain climate niche, the region where temperature and
rainfall are optimum for growth. Since the sugar maple covers a large area of North
America, several grid points of the major climate models are examined for information
about the predicted changes that will result from a doubling of CO,. In Figure 3, the

Great Lakes grid point is examined and predictions of each GCM are shown.
- Answer the following questions using Figure 3.
a) Compare the three GCMs on the following:

GISS GFDL OoSsu
Temperature increase: Wi
Sp
Su
Au
Precipitation change Wi
Sp
Su
Au

b) Which mode! predicts the greaiest temperature increases over the entire year?
c) Which model predicts the most dramatic seasonal differences in precipitation?
d) Which is the most conservative model - the one that predicts the ieast change?
e) Discuss the various models and what they mean in terms of overall impact. For
instance, what if the extreme summer temperatures of GFDL predictions were actually

accompanied by the decrease in rainfall predicted for the same season? Do all
models predict summer drought?

2) Describe what happens to sugar mapies in each season, and speculate ocn how
the predicted changes of one model might affect the annual cycle of the tree’s iife.

Season Normal Characteristic lim
Winter For example:

Twigs are dormant, no leaves  Shotter time in dormancy,
potential for more annual growth

3) Look at a map of North America showing present climate belts. Where are the
predicted temperatures and rainfall patterns of climate models now found on the
continent? If these areas are translated northward into the maple region, where will
the present maple climate niche probably go?
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4) Check your prediction by comparing it with Figure 4. This projected maple
migration was completed in 1989 by two scientists. They studied how climate models
could predict responses to CO, increases and what this could mean for Great Lakes

forests. In Figure 4 they predicted that these areas will be hospitable for sugar maples.
Why are the GISS and GFDL ranges different?

present GISS 2xCO2 GFDL 2xC02

Figure 4. - GCM prodictions applied to climate niche of sugar maples.

(Socurce: Zabinski and Davis, The Potential Effects of Global Climate
Change en the Uniied States, 1989.)

5) From research and books available ‘o you, examine how Canada, the upper
Midwest and northeast of the United States depend on maples and other forest
species. Develop two scenarios with your team, one for each of the GCM predictions,
to analyze how Canada would be helped or harmed if the scenarios became reality.
Be creative in your use of information.

6) If people involved in maple syrup production believe that the prediction of
climate change for their region is correct, how could they p'an for such an event? Is it
possible to plant in different areas, stich as near the edges of the projected sugar
maple migration regions? Give reasons to support your answers.

Activity B: How can trees migrate?

To have a computer draw new boundaries within which the maples can live in
the next century is somewhat misleading. The maples are not in all those areas now.
How will they get there? This outdoor activity will demonstrate how plants can
colonize new areas if those areas are hospitable.

Materials: enough seeds of maple, ash, milkweed or dandelion for each team of 3-4
students to have a handful; one meter stick or tape measure per team; graph paper,
anemometer and magnetic compass.
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[Samara-type (winged) tree seeds will work best for this activity because they
are heavy, fly erratically, and are easy to see when they land. Use the fluffier
milkweed or dandelion seeds only if no tree seeds are available.]

Procedure:

1) With your team, stand in a spot marked by your teacher. Measure the wind
speed with the anemometer and the wind direction with a magnetic compass. Record
these on your worksheet. On your graph paper, place a mark in the center to
represent the present-day forest (your team’s starting position).

[The teacher should select some starting points near pavement and some near
grass or bare soil. Also, put bright marker color on seeds to help find them.]

2) Toss 4-5 seeds high into the air so the wind catches them. Watch where they
go. Measure the distance and direction from your starting point to each seed, and plot
the seeds’ positions on your graph paper. Decide with your team how many squares
you will use to represent one meter. You will be tossing seeds at least 4 times.

3) Send one team member to the spot where each seed landed. Have each
member toss 3 more seeds and mark their new positions on the graph.

4) For the next toss, each team member will go to the location of a seed that is
farthest away from the original “forest.” Toss 3 more seeds and mark th.eir positions.

5) Repeat Step 4 once or twice more, then examine your graph with your team.

6) Draw a line on the graph paper that encircles your starting place and all the
seeds whose positions you plotted. Describe the area through which your trees
migrated: its general shape, direction from the original forest, width and length, any
overiap with other teams, etc.

7) What conditions are necessary for seed germination? Did each seed get the
same chance to germinate? Why? Did any seeds fall on paved areas or other spots
where their chances to grow were very small? |If a maple forest were migrating
through North America from where it is now, what obstacles might be in its path?
Could the obstacles stop the migration? Discuss with your team and class.

8) Summarize how plants might be able to move into the areas that climate
models predict as their future range.

Extensions:

1) At the peak of the autumn season in the northeast and midwestern sections of
North America, a kaleidoscope of colors appears as a resuit of the pigment changes in
the leaves of deciduous trees, particularly in mapie leaves. This is truly one of the
more spectacular, colcrful events in nature. People travel from all across the nation
and from around the world to witness this event, generating considerable business in
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the areas. From the knowledge you have acquirec in this activity, suggest how
climate change could influence (a) the autumn colors and (b) this tourist industry.

2) The maple syrup industry is a result of the interactions between people and
maple trees, and mapie trees and their environment. Describe the historical
background of maple syruping and how syrup is produced. Discuss the influence of
global climate change on the amount of syrup produced by maple trees, the migration
of the trees and the results of this on the industry.

3) Many people are involved in the production of maple syrup on a local and a
commercial basis. Their careers may be seriously affectea by any changes the
climatologists predict for the future. Note all the possible careers that exist in this
industry and careers that will influence the industry, i.e. syrup farmers, laborers,
climatologists, food scientists, etc.. Each student should select one career and
research it, as fully as possibie, describing the present status of it and how the future
predictions of climate change might influence this.

4) Autumn colors, the alteration of deciduous trees from different shades of greens
to an array of reds, oranges, golds and yellows is a spectacular and incredibly
beautiful natural event. Can you select another event similar to this, that occurs on a
regular basis? Or perhaps an event that may happen in a five, ten or twenty year
cycie? Describe your feelings towards such events.

5) Are there areas in your state, or a nearby state that have “relic ecosystems” left
over from the last glacial cycle? If so, why have they remained? How are they
different from the present flora/fauna?

Teacher Background Information:

Onhio Sea Grant Education Program. 1992. “GLOBAL CLIMATE CHANGE IN THE
GREAT LAKES: Understanding Climate Models.” Global Change in the Great
Lakes Scenarios. Columbus, Ohio: Ohio Sea Grant Publications (Ohio State
University, 1314 Kinnear Rd., Columbus, OH 43212-1194)

This is essential reading for teachers and students using this activity. A very
readable account of the use and significance of models in scientific predictions

concerning the climate. It also examines policy decisions in the face of global
warming.

Ohio Sea Grant Education Program. 1992. “GLOBAL CLIMATE CHANGE IN THE
GREAT LAKES: How will Forests in the Great Lakes Region be Affected?”
Global Change in the Great Lakes Scenarios. Columbus, Ohio: Ohio Sea
Grant Publications, Ohio State University, 1314 Kinnear Rd.

This scenario examines sugar maple and other tree species’ migration. It

represents a contemporary collection of research in this area, but in an

understandable form. it projects the types of forests that may exist in northern

Minnesota in less than 100 years. This scenario also examines other reasons

for forest decline, such as acid precipitation, heavy metals, and the economic
40
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implications of this alteration to the forest community.

Pastor, J. and Post W. M. 1988. Response of northern forests to CO,-induced climate
change. Nature 334 (7) : 55 - 58.
A more scientific account of tree migration as a resuit of climate change but
nonetheless, worth reading and selecting specific points for this activity. It
examines numerous tree species and different areas of the Great Lakes Region,
including parts of Canada.
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