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mber 1, 1992 through

In August 1992 the U.S. Department of Energy granted $100,000 to the
Society/Bronx Zoo (formerly NYZS/The Wildlife Conservation Society
Systems Energy Module. The effective period of the grant was Septe

Ly &

February 28, 1995 (a no-cost extension from August 31, 1994 to February 28, 1995 was granted
by Ms. Christine Grady on July 25, 1994 and a subsequent three month 1eporting extension was
granted in April, 1995). The total budgeted cost of this project was $200,000 (reduced from

$218,630). The Society assumed $100,000 (reduced from $118,630)
final report covers the entire scope of the project, the period from O
August 31, 1995,

Project Overview

The Living Systems Energy Module, renamed Voyage from the Su

curricnlum designed to introduce students to the major ways in which
living systems. Voyage from the Sun tells the story of energy, describin
it i§ incorporated into living terrestrial systems throngh photosynthesis,
to herhivorous animals, and from herbivores to camivores. A signifi
devoted to examining how humans use energy, and how human impact on
ecosystems. As students proceed through the unit, they read chapters o
a comic book that describes the flow of energy in story form (Appendix

3 its cost share.  This
ber 1, 1992 through

is a twenty-lesson

rénergy is important in
b its solar origing, how

How it flows from plants

rant part of the unit 18
natural habitats affects

f Voyage from the Sun,
A). During the course

of the unit, an "Energy Pyramid" is erected in the classroom. This thre

fragile nature of our living planet. Interactive activities feach studen

s-dimensional structure

about adaptations that

serves as a classroom exhibit, reminding students daily of the importacsﬁr: of energy and of the

allow plants and animals to acquire, to use and to conserve energy. A
materials and copies of all activity sheets appear in Appendix B,

Project Objectives ' . -

By bringing difficult energy concepts within the grasp of children,
to increase science literacy, to encourage young people to consider
produce citizens prepared to understand and act upon issues relates

plete list of curricular

Zﬂage Jfrom the Sun aims
Eeers in science, and to

to resource use and

conservation, These are aims shared by the U.S. Department of Energy and the Wildlife

Conservation Society. The specific goals of the project are:
IS
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" To equip students in grades 4-9 with 4 basic understanding of wllat energy is and how
it flows through living systems, and to motivate stdents to study energy- related

" COncepts

. To facilitate smdents’ understanding of how human energy| demands affect the
environment

. To enhance and increase the instructional repertoire for teaching epergy-related concepts
by furnishing teachers of grades 4-9 with interactive materials [that illustrate abstract
energy concepts in a highly engaging manner

® To provide teachers with a clearly-written guidé to teaching energy concepts within the
context of habitat ecology ,

The Development Process

Before beginning design of the actual materials that make up the Voyage from the Sun
curriculum, staff of the Bronx Zoo/Wildlife Conservation Park’s Education Department visited
classes in three schools (P.S. 15, P.S. 56, and P.S. 81 in New York City) in order to assess the
needs of the teachers and students who would be served by the curriculum. These schools were
chosen because their students came from a range of cultural and : nomic -backgrounds
considered typical of the New York City public schools. The main goal of these focus group
sessions was to find out what students know about the role of energy in biology and to identify
main areas of weakness in thejr knowledge. Brainstorming, concepl mapping, and other
activities were used fo assess student knowledge. These classroom visits confirmed several of
the conclusions that had become clear as a result of the Education Pepartment’s years of
experience teaching ecological concepts to students of all grade levels, 1t was determined that,
in general, students’ knowledge and understanding of energy concepts was superficial. Some
students had vague ideas about photosynthesis and were aware that sunlight is involved in the
process, but the connection between the solar energy used by plants and|the energy that allows
animals to survive was not at all clear to them. It was defermined that| student knowledge of
energy concepts occurs in disparate contexts, but the importance of lenergy as a unifying
biological concept is not recognized by most students. Students also had a very limited
understanding of the multitude of ways in which humans use energy, and pf how human energy-
use impacts on natural habitats, ’ ‘

The actual design process began with brainstorming sessions among Brbnx Zoo staff in New
York City, and in Orlando, Florida, among the staff of Chesler, Garvie, and Daniels-the design
firm contracted for this project. These sessions resulted in initial design concepts and materials.
They were followed by a meeting at the Bronx Zoo in April 1993 that included Designer,
Richard Chesler; Ecologist/Consultant, Dr. Rick Sullivan; Project Directpr, Annette Berkovits;
Project Coordinator, Tom Naiman; and other members of Education Debartment staff.
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During the spring and summer of 1993, more than 100 teachers of grades 4-9 were exposed to

P. 004

the concepts and materials of Voyage from the Sun. These teachers were|asked for their overall

reaction to the project, how it can fill gaps in their existing curricujum, where they saw
particular strengths, weaknesses, or opportunities for improvement, and whether they would be
" interested in testing the module in their own classrooms. OQverall, tife teachers were very

enthusiastic abont the project. Many felt that it had the potential to be
tool for children of many different grade levels, exhibiting a wide range
it could be geared up or down to suit the needs of their particular classes
link to their school curriculum.

valuable educational
of gbilities, Most felt

In October 1993, the Designer, Ecologist/Consultant, and Bronx Zoo staff met again to discuss

progress to that point and to evaluate developmental issues that "

evaluations. ' Many improvements were made as a result of teacher fi

In November 1993, two groups of teachers were brought to the Bronx
Voyage from the Sun and training in how to use the first prototype mate

ulted from teacher
ack.

o for introduction to
s with their students.

~ They took a variety of prototype materials back to their schools and classroom testing occurred
from November 1993 through January 1994, In February, 33 teachens handed in extensive
evaluation materials. Also, two additional consultants were hired at this point: Jay Kirsch

Ph.D., a physicist at MIT, and Richard Goodman, a master. science

teacher from Horace

Greeley High School in Chappaqua, New York. Dr, Kirsch’s role 1\\zvl‘éas to comment on the

manner in which physical science issues were covered in the program.

r. Goodman’s role was

to comment on heuristic aspects of the program and to test various firogram elements with

students.

From March to June 1994, evaluation materials were assessed and
continued, taking into account the results from the evaluations and advic
Tuly 1994, a grant amendment was received from DOE Chicago Operatia
grant period through February 28, 1993, without addifional funds.

program development
e from consultants. In
ns office extending the

Beginning in July of 1994, new program' elements were tested by 75

eachers in Broax Zoo

and that it had a direct ‘

teacher-training workshops. In the months between September and Nolklember 1694, the first
program elements were printed: the Vovege from the Sun comic bogk and the Energy for
Survival poster.  The Voyage from_the Sun comic book serves as a "textbook™ in which
scientific concepts are presented creatively as the students follow thejjourney of "Professor
Energy"” and a bright but impulsive pupil, "Sunburst” on a voyage of discovery. Sophisticated
scientific concepts are communicated clearly and in ways that make abstract concepts clear and
accessible. The comic book has been among teachers’ and students’ favorite program materials
(see evaluation section).

From December 1994 through February 1995 program development and printing of program
materials continued. Five teacher training workshops were held for teachers who would test the

finished prototype. The workshops were held at three sites: the Bronx Zio; the Roger Williams

Park Zoo in Providence, Rhode Island, and Union Point Eleméntary School in Greene County,

3
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a rural school district outmde of Athens, Georgia, In all, 67 teachers
sessions.

3045

were trained in these

In March 1995 the printing of program materials was complefed and ﬁ%iﬂed prototype kits were

shipped to schools. From April through June 1995 teachers tested the

schools and provided feedback on extensive evaluation forms (Appendix C).

Wildlife Conservation Society requested and received permission from

delay final reporting from May 28, 1995 to August 31 1995 so that fina

could be processed and analyzed.

Evaluation Strategy

The final evaluation of the Voyage From The Sun prototype has included fo

teacher-training, classroom testing of the program, teacher response f
post-unit testing of student content knowledge,
teachers and the initial data are exiremely promising, Of the 31 teac!
completed evaluation forms, all 31 expressed the desire to use the ct
future. ‘Teacher responses indicate that the teachers believe Voyage |
valuable tool that motivates students, teaches them important concepts,
standard school curricula for grades 4-9. The student pre-umt and po
substantial increase in relevant contcnt knowledge.

The formative evaluation process was initiated in the earliest stages
summative evaluation process began in December 1994, with'the ﬁrst
workshops. The full-day workshops, led by Bronx Zoo staff, were desi
for classroom testing of Voyage From The Sun.  The workshops inclu

To date we-have receiy

shed prototype in their
In April, the
s, Christine Grady to
teachers’ evaluations

Ur Iain components:

s, and pre-unit and
red responses from 31
ners who sent in their
irriculum again in the
rom The Sun to be a
1d fits easily into most
-unit tests indicated a

f development. The

five teacher training
hed to prepare teachers
ed introduction to the

program philosophy and materials, as well as relevant background infi

mation, Although all

the curricular components were not yet printed, teachers were given th
directly in some of the program’s main activities, enhancing their at
students’ use of the program. The workshops, which included sixty-se
4 through 9, were held at the Bronx Zoo, the Roger Williams Park Zoq
Island, and at Union Point Elementary SchooI in Greene County, a Tura
of At‘nens, Georgia.

After the workshops, final production of the prototype continued, A prj
the Energy Pyramid, one of the program’s central materials, delayed o
the end of March, Teachers received the kits in mid-April and about

e chance to participate
ility to facilitate their
ven teachers of grades
in Providence, Rhode
school district outside

pblem in production of
ipping of the kits until
of them immediately

began using the curricular materials with their students. The remaing%{ elected to delay their

classroom testing until the coming fall semester of 1995. The results di
on evaluation forms received from 31 teachers of grades 4-6.

The evaluation program will continue in the 1995-1996 academic yea
teachers use the Voyage From The Sun cumculum

stussed below are based

as more students and

P. 00§
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Student Demographics

Teacher responses indicate that the program was tested with students from a wide range of
geographic, cultural, and economic backgrounds. Of the 31 teachers, 19(61 %) described their
students as average academically, 13 (42%) described their students as|below average. Two
teachers (6%) described their students as above average, while 1 (3%) flescribed her students
as "Special Education,” (Note: percentages do not always equal 100% because teachers
occasionally chose two responses or elected not to respond to a question. Also, percentages
were rounded to the nearest percent.) The percentage of students eligible for school Iunch
programs ranged from 2-100%. Teachers described their student popul?.ﬁons as mulficultural,
middle class suburban, black and Hispanic, white middle class, and ruraljlower to middle class.

Teacher Response

Teacher responses indicated that Voyage from the Sun fits well into most mandated school
curricula. ‘Teachers cited the use of critical thinking skills, hands-on| activities, and multi-
disciplinary links as among the major reasons why Voyage from the Sun ¢ould be inserted easily
into their standard curriculum.

When asked about unexpected outcomes of the program, teachers saifl that it bolsters self-
esteem, that students developed an awareness of responsibility towards the exmronment and that
students looked forward to science class and the study of ecology.

A complete breakdown of teacher response appears in Appendix D. Several salient points are
elaborated below.

As stated earlier in this report, of the 31 teachers who returned their eyaluation forms, all 31
(100%) responded that they would like to use the program again in the future. When asked to
rate the curriculum as "highly effective,” "effective,” or "ineffective,” 11 (35%) chose "highly
effective,” 19 (61%) chose "effective” and 0 (0%) chose "ineffective." Df the 11 teachers who
ranked the curriculum “effective,” 9 explained that the late arrival of the materials was a factor
in their decision not to choose "highly effective.”

‘When asked to rate the program’s effectiveneés in stimulating students’| interest in science, 17
(95%) chose "excellent,” 14 (45%) chose "good,” 0 (0%) chose “fair,” and 0 (0%) chose
npoor' tr B

When asked if the curriculum provides "many new approaches/materials,” "some new
approaches/materials” or “duplicates other programs,” 22 (71%} . chose “many new

approaches/materials,” 9 (29%) chose "some new approaches/materal s," and 26% chose
"duplicates other programs.”

‘When asked, "did the instructional actiﬁﬁes address the stated aims [of the program]?" all 31

P. 006
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teachers (100%) responded "yes."

5045

The main curricular components also received high ratings. 19 teachers (61%) rated the

"Teachers’ Guide "very effective.” 23 teachers (74%) rated the comic

Book "very effective.”

91 teachers (67%) rated the Energy Pyramid "very effective.” 24 teachers (77%) rated the plant
and animal cards "very effective,” 18 teachers (58%) rated the student activity sheets "very

effective.”

Student Content Test

A test was developed 1o measure student content knowledge before and after the use of the
Voyage from the Sun Curriculum. A copy of the test is included in Appe ndix E. Teachers were
asked to administer the test to their students before and after use of the jprogram.

Twenty teachers administered the test properly, before and after use of ﬂ;e curriculum. Results

of the student testing appear in Appendix F. For fourth grade, 112 stu

ents from four classes

were tested. Their pre-unit mean test score was 15.1 (out of a possiblei30) and their post-unit

tnean test score was 19.6. For fifth grade, 328 students from 12 classes
unit mean test score was 14.4 and their post-unit mean test score was

'r/erc tested, Their pre-
20.0. For sixth grade,

104 students from four classes were tested. Their pre-unit mean test sqore was 13.9 and their

post-unit mean test scote was 19.1,

We compared the pre-unit and post-unit test scores for each grade and for the whole sample

using a t-Test of significance at p = .05. We found that there w)

difference between pre-unit and post-unit test scores for each individ
the entire combined sample of 544 students. These highly significant i

a highly significant
grade (4,5,6) and for
provements in content

knowledge suggest that use of the Voyage from the Sun curriculum drama tically increases student

knowledge and understanding of energy-related concepts in biology.

Conclusions

A summary of the evaluation data presented in the previous section an
E, suggests that many of the project’s goals have been achieved.

Teacher response indicates that the new Voyage from the Sun curriculy
science curricula while successfully motivating teachers and students t

d in Appendices D and

m fills gaps in existing
!) pursue energy-related

subjects. Student test results indicate that students using the curricul
understanding of energy-related concepts and of how human ener
environment, Student content knowledge in science is also inc
curriculum. A sample of four teachers’ comments appears below:

m are improving their
y demands affect the
ed as a result of the

P. 007
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"(The students) were learning and retaining more information thar in an

taught in science,”

Tracey Paladino-Sherding, 4th grade teacher, P.S. 25, Yonkers,

nSeveral children who were difficult 1o motivate became very enthusiastic
the use of this program.”

Susan Chiesa, Sth grade teacher, Howell Road School, Valley St

"The children loved Photosynthesis Bingo and begged me 0 play it again
their free time looking a¢ and reading the pyramid cards and facts,
teach them about the relationship between energy, plants, and animals.

Jean Weissman, 4th grade teacher, John Lewis Childs School, K

"I was ﬂabbergasted at the di ﬁ’erence in children’s understanding and
It was a great experience.”

Phoebe Kaston, 5th grade teacher, P.5. 33, Queens Village, N,

Of the 67 teachers who received the curriculum in spring 1995, those

)

TEL:708 252 5045

y other lessons 1 have

N.Y.

about science through

ream, N.Y,

and again. They spent

This was a great way 1o

loral Park, N.Y.

change in vocabulary.

o

/ho were unable to use

the material in this academic year have all agreed to use them in the 11*95 -96 school year. In

addition, all of the teachers who did use the cumculum this year expre!
again next year.

The Wildlife Conservation Society has applied to DOE for a grant ¢
nationwide dissemination of Voyage from the Sun. In the meanfime, t
$12,500 from the General Electric Foundation to support this dissemin:

Evaluation will continue throughout the dissemination of prototypes an
will be incorporated into future reprints of the materials.

sed the desire to use it

f $122,238 to support
he Society has received
ation effort.

further improvements

P. 008
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INTRODUETIOR

MEET PROFESSOR ENERGY AND
SUNBURST, THE “STARS” OF THIS
ROUND-THE-WORLD ADVENTURE!
PROFESSOR ENERGY HAS A TOUGH JOB
AHEAD: TO PREPARE SUNBURST FOR A

MISSION ON THE PLANET EARTH. TRAVEL
WITH THEM ON THEIR JOURNEY AND SEE HOW THE

FRAZZLED BUT KIND-HEARTED PROFESSOR GUIDES HIS OVERLY-
ENERGIZED STUDENT, SUNBURST, THROUGH A CLOSE ENCOUNTER
OF THE PHOTOSYNTHETIC KIND. SEE WHAT'S IN STORE FOR
SUNBURST AS HE TAKES THE HEAT FROM FEROCIOUS EAGLES AND
TANGLES WITH THE FORCES OF NATURE! WILL SUNBURST EVER
ACCOMPLISH HIS MISSION?

Sﬁ'&@[} Voyage From The Sun is a component of the Living Systems Energy

Module, developed by the Education Department of the Bronx
Annette R. Berkovits Zoo/Wildlife Conservation Park. This material is based upon work
Project Director supported by the U.S. Department of Energy under Grant No.

DE-FG02-92ER75755.

Special thanks for additional comments on Voyage From The Sun:
Eunice Kang, Emily Laber, Don Lisowy, Lauraine Merlini, Anne Nesbet,
Rick Sullivan, Ph. D. Lyn Stevens.

Ecologist/Consultant

Tom Naiman
Project Coordinator

Any opinions, findings, conclusions, or recommendations expressed
in this publication are those of the author(s) and do not necessarily

Ellen Dierenfeld, Ph. D. .
reflect the views of the Department of Energy.

Nutritionist/Consultant

Jay Kirsch, Ph. D Additional support has been provided by:
ay Kirsch, Ph. D.

Physicist/Consultant General Electric Foundation

Candice and John Frawley
Chesler, Garvie & Daniels
Design/Production ©1994 WILDLIFE CONSERVATION SOCIETY

WILDLIFE CONSERVATION SOCIETY

FOUNDED IN 1895 AS THE NEWJYORK ZOOLOGICAL SOCIETY




Somewhere in the Sun...

T = — —

OK Sunburst, let's review.

Please define the word “Energy.” — ‘i‘ 1
~ 1
- O =]
Gee, Professor E, - |
%

that's a tough one.

l Try to concentrate now, Sunburst. For months I've been trying to

prepare you for a great mission. As a little :iece of the Sun's energy,
o @ you must travel down to Earth and provide energy to the plants
Z

You mean
to tell me
you still don't
know the first
thing about

energy? Energy |
is what enables
us to do every-

and animals that live there. They're depending on you.

thing we do... (©) v 5
like bouncing ©— ' (4

that yo-yo

every time Y ’ - ‘I"' @ | .

my back Is

turned.

The rest of your family and all your classmates
have left already. But | can't let you go until you've
learned what you need to know.

Sunburst,
| have to stay
and teach other
students. But let's
start over from the
beginning. Just about

now — the Sun. After
it leaves here, it can
take many different
forms. You should
be able to tell me
some of them /4

by now.

It's always so hot in
here; it's hard to think.,




So energy can come as food, light,
and heat - that's cool...| mean hot. But

You're getting warmer
g g I'm still not sure what energy 15.

now, Sunburst. Heat is one form

energy can take. Light, food, and
electricity are also forms of energy.
There's also energy in moving matter,
like a river or the wind.

Well, strictly speaking, energy
is the ability to do work.

Work? Why would the plants
and animals on Earth want to do
work? Wouldn't it be better to
Just have fun?

This kid is the toughest one I've
taught these past 4.6 billion years.

The kind of work I'm talking
about isn't only homework or
raking the lawn. When we say that energy
is the ability to do work, we mean that chemicals
in food help a bird to do the work of flying; heat allows a
fire to do the work of cooking; and light does the work of
illuminating your room so you can stay up too late reading comics.

" Oh...That kind of work | like.
Not so fast, Sunburst.

Point me in the right direction;
I'm ready to bust out of here.

There are some strict rules
about how energy changes form.
You'll have to follow them.

Change form? You
mean | can become an animal
like an eagle? With a sharp beak
and strong claws?




Tell me,

" | Professor E,
how long will
It take me
to get to
Earth?

Yes, you may in fact become
an eagle. You might provide some of the
energy that an eagle needs to grow big and
strong - the energy that keeps it warm at
night and allows It to swoop down
on unsuspecting prey.

But first, little Sunburst,
you must make your energy available
to plants, because Klants are the only
living things on Earth that can take the
Sun’s energy and turn it into food. Only
by first becoming part of plants will you
be eaten by plant-eating animals and
then the eagles and tigers that
eat them.

Awesomel Especially the swooping
down on prey stuff.

. The route you'll take
will look something like this.
Try to follow it carefully...or
you'll be sorry.

dandelion rabbit

Knew there
had to be a
catch. Plants
are so boring;
they just
sit there.

Ah, now you're thinking -
a wonderful question! You can
calculate the answer yourself.
Just divide the distance by the
speed you'll be traveling -
the speed of light.

Distance Between 7 Caloulate? Jeopore,
Sun & Earth sorry | asked. Gotta

. run - Earth’s calling.
(93,000,000 miles) Don’t wait up.

Speed Of Travel
(186,000 miles per second)




to check on Sunburst's
progress towards Earth,

So much to do and only
a few billion years

to do it.

|
The Professor, relieved that
Sunburst is finally on his way...

I ) 1

. " That little Sunburst. He's
s0 smart, but just can't seem to apply
himself. | never thought I'd say this about

one of my pupils, but he seems to have too
much energy. Sunburst was right,
it is hot in here.

Ohmigoshl What on
Earth is Sunburst doing?

Oh my! This was certainly not

in my job description. I'm supposed
to teach, not travel. "

Well, | saw these great
eagles and | decided I'd skip all that
other stuff. |thought they'd be happy
to see me, but one looked ready to

tear my head off.

aet us out of here. Cabradabra. Oris
that Abracadabra? | can never remember.




Tell me, Sunburst, what does a
plant need to make its food?

How many times have | told you, Sunburst, that

the Sun's energy always enters the food chain through plants.
If you follow the food chain, the eagles will be more than happy to
meet you. To become an eagle, your energy has to enter a green
plant first...and that happens through a wonderful
process called photosynthesis.

Pots and pans?

No, Sunburst, in order to make
its food, a plant needs water (H,0)
that comes from the ground or rain, a gas
called carbon dioxide (CO,) from the air,

and light energy from the Sun. We call
\'this process photosynthesis.

e X0

L'{ .’?L-’E{/‘A‘m (7

Inside the dandelion...
\./ 4:/ (02

&)

| can feel
another lecture

coming. Good thing
| brought my yo-yo.

Nope, | think you're one
of those students who learns
by dolng. We will now enter this
dandelion plant in order to begin the
process of photosynthesis. Head for
the dandelion's green chlorophyll
molecules; they're designed to
absorb sunlight.

Absorbed by
this dandelion? You
need to have your
head examined,
Professor E.

H20
OK, now we have all

the ingredients we need for
photosynthesis. Grab some
water and some CO, gas.
Put them together and..,

made glucose
(CeHi206), the sugar
plants use for food.
Now you try it, Sunburst,

Don't worry, you'll
get the hang of it!




Now that you've mastered
photosynthesis, Sunburst, do you
still think plants are boring?

Sunburst, there are
even more kinds of plants
than animals - and they are
just as amazing. Have you
ever really looked
at plants?

Well, not really;
| mean, through my telescope
I've seen kids playing baseball on
the grass and people eating
lettuce in salads... -~

Do you realize, Sunburst, that
plants are found almost everywhere on
Earth: on land and in the ocean, in some of
the coldest places and the hottest, in
the wettest and the driest?

A=

‘ Well, photosynthesis

is pretty neat, | guess. It's
grezlpt to be able to make food Th?sh l:i; ;:] o:;g;n
from just water, air, and sunlight. This bad attitude of
But | still like animals - there his Is certain to
are so many different kinds. set us behind
Plants all look the

schedule.
same to me.

That is hardly what | call
looking at plants.




Good Conditions
For Plant Growth

"

C

Tell me, Sunburst, what
onditions make It easlest
for plants to grow?

Now you're talking. And
do you think that all places on
Earth have the same amounts
of these things?

Well, | know
that not all places have
the same amount of water.
There's a big difference between

Exactly right!
Different places on Earth

[y
]
N
G_D ); receive different amounts of the

Sun's energy - and that's a major
reason why different habitats are
found in different places. Let's
focus on tundra and rainforest,
two habitats that are

de;ert;s am:l ;?inforests. I gueosfs dra quite different.
they have different amounts
Well, if 1 think back to i Rainfo

the things that were used in 5‘;:.]'9}“;' too, 'cause most of my
photosynthesis, | guess you could } e l:;:jrg(gn?e;i::bmp zz ;:Z

say plants need water, carbon q £ : th Y 9 h I

dioxide gas, and lots atew ON f_;i ‘;e?t tothe e .
of sunlight. 0 ole. ANy 3 /'

The tundra is a very difficult place for plants

to grow. Winters are long, cold, and windy. In some places the Sun
doesn't rise for months, and the temperature can drop to -50°C (-68°F), way
below freezing. The ground is frozen most of the year, so there's hardly any
AN water available for plants. Tundra plants look small because they keep a
' lot of themselves underground to avoid harsh weather. That's

why you don't see any trees.

Brrr, they sure could
use more sunlight up here.

)I;




After a short trip to the rainforest at the speed of light... I

How many different
kinds of plants do you
think can grow in the

TN

Nope, believe it or not,
over 700 different plant
species grow in the tundra.
ere's even a plant called
the wooly lousewort!

7007 | thought

Most do - but
in the tundra, plants
have developed incredible
adaptations for
survival.

tundra, Sunburst?
Not many! Maybe
15, or 207

plants need lots of
water and sunlight.
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You're right. Here in a
tropical rainforest it's warm and wet all year.
Plants have everything they need. But because there are so
many plants, there is a lot of competition for water and sunlight.
One result is that rainforests have several levels made up of plants
adapted to different growing conditions. On the bottom are the grounc
plants. Above them are the plants in the understory. The leaves and
branches of tall trees make up the canopy, which blocks out most
of the light. Sticking out above the canopy are the tallest
trees, called emergents, which grow above the
canopy to reach extra sunlight.

This is great. There
must be thousands of 'em.

Right again,
little Sunburst.
Hundreds of thou-
gands of plant species
live in the rainforest. And

4 : y G lants, there are places
% VA . K )" 15) live and food fo': many
7] 4 \\ different kinds of animals.
* ////// In fact, even though tropical
Y ;t rainforests cover only 6%
of the land on Earth,

of all species
live here.

So what do
you think of plants
now, Sunburst?

Awesomel |
had no idea what
plants could do — how
they fight for sunlight
Just like some animals fight
for food. That strangler fig -
the one that curls all around trees
until they die - was amazing! I'm
really gonna get into being a plant.
*\ I'm gonna help this dandelion do
so much photosynthesis that
it becomes the biggest
and the greenest
one on earth!

ws oy When
Vi f I'm through,
this dandelion
will be...




My aching back.
| knew | was getting
too old for this,

Ooh, | feel light-headed. >
You're looking a little pale

yourself, Professor E.

You may feel funny, Sunburst,
but this is all perfectly normal. Plants
and animals use energy all the time. We helped

that dandelion do the work of growing and
making seeds. Part of us got used up;
that's one reason we're looking pale.

But | don't want
to be used upl

Oh dear. | knew
there was something
| forgot to tell you.

Ohmigosh! What
happened to my
beautiful face?

| know it sounds scary.
But don't worry; the Law
is on your side.

The Law? What am |
supposed to do, take the
andelion to court?




Not that law. I'm talking
about the Laws of Energy. There are
two important laws to remember. The
First Law of Energy says energy can
change form and be broken up, but it
can never be destroyed.

Sunburst, the energy we lost
still exists, it's just not right here.
The dandelion used some of it to
grow and to make its seeds. And all
that work meant the dandelion also
lost energy as heat - the way people
give off heat when they work hard.

That sounds OK,
but | still don't get what
happened to my head.

So | guess you're telling
me |'d better get used to
this fading business.

7/ Absolutely right.
As | said in the Sun,
each of the plants and
animals we pass through
will use us for survival.
And the Second Law of Energy
is important, too. It says that
every time energy changes from
one form to another, the amount
that's useful goes down. The
energy isn't destroyed, most
of it just escapes into the air
as heat. As we travel through

I'm not sure, but
from what I've seen, rabbits
eat all the time. They must do
a lot of things that
take energy.

Right now we're
in a rabbit. How do you think
it will use our energy?

That's right. Animals need
energy for just about everything.
They need it to breathe, to keep their
hearts beating, to move around, to keep
warm. Even while they sleep they use energy.
And did you know that just about all their

the food chain, the amount
of energy we can give to
each new animal will be
less than the one
before it.

Wow! Plants really
are important!

energy originally comes from the Sun
through photosynthesis?

You know, | think
he's finally starting
to get it.
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I The Professor is pleased at his pupil's progress.

ou seem to ]
% understand now,

Sunburst, that there's

2 a big difference between
where plants and

animals get their
energy.

Sure - plants
use photosynthesis
to turn the Sun's energy
into food energy. That's
why we started out
in the dandelion.

c
”~

arnivores
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And | know the name for animals
‘1 that eat other animals: they're carnivores.

\That's where 'm headed.
You mean like people?

That's right. Anything that eats both plants
and animals is called an omnivore. People are
about as omnivorous as it gets. Raccoons
and bears are also omnivores.

And | guess animals can't
use the Sun's energy directly because

they don't have chlorophyll. So animals eat

plants to use the energy plants capture
through photosynthesis. That's why
we're stuck in this rabbit.

Right again! And did you
know that there's a special name for
animals that eat only plants? They're
called herblvores. Cows, zebras and
koalas are herbivores.

Not so fast, Sunburst. What about
creatures that eat both plants and animals?




Uh-oh, look behind us;
you're not the only one who's
hungry, Sunburst.

At least now
we have a fighting
chance. It's nice to be
in something that
¢an run away!




Ah, how lucky we
are, Sunburst! There's
nothing like being part of
great events! The food
chain in action!

Just greatl I'm getting
excited about fiying off into
the wild blue yonder on wings of
eagles, and this rabbit's about to be
gobbled up by a weasell A weasel of all
thingsl that bum luckl And lock at

my hands! Since this rabbit started
running It's been using us
up even faster.

You mean an animal
can be part of more than
one food chain?

Now, now, Sunburst,
You have to be flexible.
| know there wasn't a weasel
on the food chain | showed you
up in the Sun, But there are many
different chalns that can be
made in any given habitat, It's
sometimes hard to predict
who will eat whom.

You bet. Let's look
at some examples.

Here, Sunburst, are

some of my favorite creatures \

that live in the tundra.
Abracadabral




I have a question. Wolves don't
always eat caribou, do they? Don't they
also eat rabbits and moose?

Exactly my
point. You're one
step ahead of me. Most
herbivores eat more than

one kind of plant, and
most carnivores eat
more than one kind
of animal.

It's very
easy to arrange these e
tundra creatures in order, so you can
see how energy flows through them. Just add \g'
the Sun, and you've got a complete food chain. Ouch! r-

Look what happens when
we add more animals to
the wolf’s dinner menu.

=&
)
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(A
- —~ Now our chain
looks more like this. \{
] If you keep adding
animals, pretty soon

it's not a chain anymore -
you've got what's called a
food web. In real life, this
is how energy flows
through a habitat.
We're all connected.

kind of animal disappears
it can be bad for all the rest?




That's right. [ like
to think of a food web as
similar to a spider's web. If
you pull out one strand, the
whole web gets weaker.

One of the things
| love about this business,
Sunburst, is that with all the
different connections in a
food web, you never know

where you'll end up.

Boy, it's really
a weasel-eat-rabbit
world out here.




Sunburst Has a
Question...

Gee, Professor, it's fun
flying around and looking at habitats.
But there's one thing | don't understand. Up
on the tundra we saw hundreds of caribou, but

if there were more wolves. How come there
are usually fewer carnivores in a
habitat than herbivores?

. Good point, Sunburst!
You're making me proud. Let me
introduce you to some terms that
will help me answer your question. Living
things can be broken up into two groups
based on where they get their food. Plants
are producere. They make, or produce,
their own food. The other group’
is called the consumers, Who
do you think they are?

Well, consuming
means eating, right? So animals
must be consumers, because
they have to eat.

You're right on target. Take a
look at my Energy Pyramid. ! didn't think
you were ready for it before, but now you're becoming
one of my best students ever. An Energy Pyramid shows
) how energy flows through a habitat. On the bottom level is
6 sunlight, the source of just about all the energy in living things.
(c..-\ The next level is made up of the producers, which use photosynthesis
to turn the Sun's energy into food. Above that are the herbivores,
which we also call primary consumers, because they're the first
level of consumers. The next level is made up of carnivores
and omnivores, which we call secondary consumers because
they get their energy from eating primary consumers,
S And at the top are the top consumers, which eat
carnivores and omnivores.

In the pyramld each level is a
different size. Does that mean there

is less energy on the higher levels
than on the ones below them?

Exactlyl Each level
has only about 10% of the energy of the
level below it. If you weighed all the plants and <
animals on the pyramid, you'd see the same thing.
The total weight of living things in a habitat is called
the blomass. If you put all the glanta on a scale
and found that they weigh 1,000,000 pounds,
guess what the blomass of primary

consumers would be. "‘——z_




Top Consumers
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I know, it would
be 10% of that ~ 100,000
pounds. But why does
that happen?

This

all answers

your question

about wolves and
caribou. Caribou |

have ten times as |

[ much food available
=| to them as wolves do. §
That's why there are §

a lot more of them.

The Energy Pyramid

can answer a lot of |
your questions,

if you know how

How could |
forget? I'm lucky | have
any energy left.

There are three reasons
why not all the energy moves up the
pyramid. First, not all the food in a habitat gets
eaten. Rabbits don't eat every blade of grass in a
meadow...and lions don't eat every zebra in the
savanna. Second, even when an animal eats something,
it isn't able to take out all of its energy. Third, a
lot of energy gets used for growth, reproduction
and maintenance along the way. Remember
how we got used up when our rabbit
was running for its life?
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&‘ Still inside the

t weasel, Sunburst
makes an exciting

discovery... @

Patience, my dear
Sunburst. When you're
energy, you have to go

Hey! What's
going on? Over here.
Eat us.

with the flow.
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¥ Look, an eagle!
1 thought it would
never get herel

I'm sorry to tell you this, Sunburst, but
the weasel we're in may never be
prey for an eagle, or anything

else. Lots of animals live
to a ripe old age.

You mean we
might have to stay in
this weasel forever?

No, Sunburst, like all
living creatures, this weasel some
day will die. Then, small creatures called
detritivores will break it down so it
becomes part of the soll.

Well what
hagpens to us? Do
we become soil, too?
That doesn't sound
like much fun.

Don't worry,
Sunburst, we'll still
exist. Remember the Firet
Law. We'll turn into heat and
go out into the universe. In fact...




Whee! Look
how high we are. This
is awesomel

We'll fly everywhere.

We'll spot prey with our eagle
eyes and swoop down on them
at a hundred miles an hour.

We'll... Look,
Professor. That
man over there. He's
got agun. |think
) he shot us.

Wha...2 What
happened?

Well, doesn't this
Just take the cake. Those humans
are always intruding where they
don't belong.

| thought it was against
the law to shoot eagles.

You're right, Sunburst,
but people don't always obey the law. "\ :
In fact, they do a lot of things that harm
plants and animals and interfere with the
natural flow of energy. But we'll talk about
that later. Here come those detritivores
| told you about. We'd better
get ready.




| have to admit, Professor, it turned out to be a lot more fun than
I expected. But even though we've left Earth, I'm still worried

= Sy - S about what's going on there. | keep thinking

@ ) ' o, : about that man with the gun,

By the power
vested in me by
the Sun, [ hereby
certify you Energy
1st Class. You have

graduated with high

honors. | was worried
at first, but you've proven
yourself sun-sational. Do
you have anything to say?

I'm glad to see you're thinking '
about these things, Sunburst, There
are a lot of problems down there,

(S
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A long time ago, humans were part
of a natural energy flgw on Earth,

But today, people are
uging more than their share of
the Earth's energy supply.

No, Sunburst,
it would probably be
OK if there were only five
million people. Unfortunately,

there are over five billion
(5,000,000,000) people.
That's 5,000 nilllion,

I¥'s not, Sunburst.
Throughout most of the
time humans have been on
Earth, their population was
small - probably less than
a million people. But now
population growth is a huge
problem. Do you know how
many people there
are today?

Five million?
(5,000,000)

That's one problem. People
take large areas of forest
and turn them into fields
to grow thelr own food.
That takes habitat from
the plants and animals that
live there. Inthe process,
they destroy the plants
that collected the energy
on which so many animals
depend. One hundred years
ago there were almost
7,000,000 square miles
of rainforest on Earth.
Today, half of that is gone.
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Gee, |s there any
ay we can help?
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But humans don't just destroy habitats for food energy.
Humans use energy in lots of ways that other species
don't. They chop down trees and use the wood to build
and heat theﬁ' homes. They build dams and flood
habitats to create electricity that runs their
televisions and computers. They destroy

more habitat collecting the coal and
‘ oll that powers cars, airplanes,

D

and factories.
{

b
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If only Eeogle could
e

harness the Sun's energy
directly, like plants do.

Boy, if the human
population continues to grow
and humans keep using so much
energy, what will happen?

People have developed machines
for capturing solar energy directly from
the sun, but most energy humans use still
comes from fossil fuels, like oil and coal.
Oil and coal are called fossil fuels because
they're the fossilized remains of plants
that lived millions of years ago.

Nobody knows, Sunburst,
but many plants and animals have
disappeared already. Some scientists
believe that more than 27,000 rainforest
species are becoming extinct every year.
Life will get harder for humans, too.
That's why people need to try You mean the energy in
to use as little energy A gasoline comes from photosynthesis

Yes, Sunburst, I'm proud to
say that energy from some of my
favorite students is still being used on
Earth today! I'm not as young as | lock. The

as possible, that h d millions of problem is that one day the supply of fossil
pose _ i“ 2 25:::: agol? fuels will be used up. Even though the First
N ~ Law says that energy can't be destroyed,

you have to remember the Second Law,
too. The amount of usable energy
here on Earth Is limited.

So what do
we do now? Go back

No, Sunburst, our work here ; to the Sun?
Is done. It's up to humans to help <2
themselves. A lot of people already are No, we'll go out into
working to cut down on the amount of energy the universe for more adventures.
they use. If every person uses a little bit less As Energy First Class, you have
every day, it makes a big difference. Sclentists are a little more work to do.
also finding ways to use renewable forms of energy
like solar power instead of fossil fuels that can be
used ur, like oil and coal. Sunburst, I'm hopeful
that If humans work together they will make
better use of the energy available to them
and will do less damage to the
natural flow of energy.

Just point the
way, Professor E, I'm ready
when you are.




- JOIN

PROFESSOR
ENERGY
AND HIS STUDENT .
SUNBURST -

IN THEIR
ROUND-THE-WORLD

ADVENTURE!

-




e ———————————— a—

¢ APYENDIX B g [ER 75 T55-F Py

MATERIALS =

Comic Book
The comic book, Voyage From The Sun, is designed to be the guide that leads students through the
activities, explaining abstract and difficult concepts in a student-friendly context. Each kit has 35 copies.

Depending on the reading ability of your class, we suggest having students read panels aloud while the
rest of the class reads along. Directions on when each chapter should be read appear in the lesson plans.

Energy For Survival Poster

The Energy For Survival Poster illustrates a wide array of ways in which people and other animals are
using energy. It aiso illustrates consequences of human energy use on the environment. The poster has
more than 140 animals and more than 190 people. Itis intended to be colored by students during the
course of the unit and serves as a motivator and visual guide for activities that follow.

‘ Energy Pyramid

The lesson plans that follow contain instructions &2 when, and how, the Energy Pyramid should be used.
The Energy Pyramid has five levels, four sides, ana is approximately three and a half feet tall. The large
packing box in which the materials arrived makes a good stand for the pyramid. The pyramid is designed
to represent the flow of energy through a habitat. The bottom level is devoted to the sun, the source of
virtually all terrestrial energy. The second level is devoted to plants (producers), which use the process of
photosynthesis to convert soiar energy into chemical energy, or food. The third level is devoted to the
plant-eating animals (also called herbivores or primary consumers) which derive their energy from the
chemical energy “produced” by plants. The fourth level is made up of the omnivores and carnivores

(<: condary consumers) which get all or part of their energy by eating primary consumers. And the top
level is devoted to top carnivores (tertiary consumers) which have a diet made up almost entirely of
meat. The model is shaped like a pyramid because in most ecosystems, only about 10% of the energy in
each level passes up to the next. For further explanation, see Chapter 7 of the comic book and
Appendix 4 of this Teachers' Guide.

)

Two sides of the pyramid are devoted to habitats. One is a high energy system (Asian tropical rainforest)
and the other relatively low energy (North American tundra). A third side of the pyramid is devoted to a
map that provides the game board for the human-impact game, “Race For The Rainforest.” The pyramid's
final side is devoted to questions, answers and issu.:- relating to the central role energy plays in biology
and in our daily lives. When completed, the Energy ryramid becomes a classroom exhibit. By having
your class explain the pyramid to others, you will find the Energy Pyramid an ic'zal subject for
development of your students’ presentation skills. -

Plant, Animal, and Wild Cards

Your kit contains: 35 Animal Cards (23 rainforest, 12 tundra);
18 Plant Cards (12 rainforest, 6 tundra);
7 Wild Cards

A set of triangular card guides to be placed in marked areas on the pyramid.
A set of blue dots for tundra cards (use optional — see Lesson 8)

WILDLIFECONSERVATION SOCIETY
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Activity Sheets
Your kit contains activity sheets which must be copied for distribution to your students. The following
activity sheets are included:

Solar Detective- 1 sheet
Photosynthesis Scramble- 4 sheets
Photosynthesis Bingo- 1 sheet
Habitat Hypothesis- 1 sheet
Energy, Calories and Food- 1 sheet
Conserving Energy- 1 sheet
Scientific Method- 1 sheet

Energy Puzzler- 1 sheet

Energy Watch - 3 sheets
Build-A-Plant - 2 sheets

Race For The Rainforest Game Materials

Your kit contains 4 sheets associated with the game: Population Possibilities (one sheet); Bidding Groups
(2 sheets); Sites For Sale (1 sheet). The kit includes 10 Human Impact cards (2 each of 5 topics):

Cattle, Coal, Hydroelectricity, Logging, Oil and 4 "Saved!" cards. Also includea '; a set of Race For The
Rainforest play money.

Teachers’ Guide
A guide to the program, containing lesson plans, background information, activity sheet answers, and
pronunciation guide.

é WILDLIFE CONSERVATION SOCIETY¢
FOUNDED IN 1895 AS THE NEW YORK ZOOLOGICAL SOCIETY
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WATCH

Depending on their needs, different kinds of animals acquire and use
energy in different ways. One of the first steps in understanding
“animal energetics” is to look at the relationship between an
animal’s diet and the amount of energy it uses. As you will

see, not all animals have the same energy needs.

You have had a chance to watch animal behavior. Now is the
time to figure out how much energy the animals you watched used
up, and how much they will need to eat to make up for it. Start off
by completing your Energy Watch Data Collection Sheets. Then

answer the questions below.

(-~

o What is the Grand Total of energy (Calories) used during the observation period for
each animal?

Species #1 Energv Used
Species #2 Energy Used
h'\ Species #3 : Energy Used
—~——
\\4\
N
& Ry

e What foods does each of your animals eat?

Leaves Fruits/Vegetables Nectar/Sap Seeds Meat Insects
1.5 Cal/gram .75 Cal/gram 0.5 Cal/gram 5.6 Cal/gram 2.5 Cal/gram 1.2 Cal/gram
Species #1 -

Species #2
Species #3




9 For each animal, divide the Grand Total of energy used (Calories) by the energy content
(Cal/g) of the animal’s food. (In your calculations, use only the food you think your animal
eats most.)

Calories + Cal/g = grams of food

The result is the amount of food (by weight) that the animal would need to eat in order to
replace the energy used during the time you observed its behavior.

Species #1 Food Necessary
Species #2 Food Necessary
Species #3 Food Necessary

%@uﬂ/// i // } /il

Questions for Discussion

Which animal used up the most energy? Which used the least?

Which animal used up the most energy compared to its body weight (Calories per kilogram)?
Which used up the least?
Energy Used + Body Weight = Calories per kilogram -

For questions A and B, were there big differences in the results for the animals vo'1 observed?

How would you explain the similarities or differences in the amount of energy used by the
different animals? Were the animals doing different things, or dld some animals use more
energy than others in the same activities?

Which animal has to eat the most to recover all the energy it used?

Which has to eat the most compared to its body weight?  «
grams of food + body weight = grams of food per kg body weight

Is the answer to this question different from the answer to Question E? If it is,
try to explain why.

QO 00 06
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Type
of
Plant

Type
of

Roots

Wkere
It
G.ows

Type
of

Leaves

Climbing Vine

Large Buttress Roots Clinging Roots

Long, Shallow Roots
E
¢ Emergent O
q > A\ T
~ ~_ " A
7 )
N L4
q L) 029 a Qx Canopy
% 0,
|- Und -t;o : N
- Understory
(/ ; H %, * . ]
3 i 2115 )
" i "
Ground ‘i

Small Leaves —
Short Drip Tips

Large Leaves—
Long Drip Tips




Type
f

Roots

Where
It
Grows

‘ype
of
2aves

Life
Cycie

Climbing .
Vine Tree Epiphyte
Long Large o

Shallow Buttress Cll?lggltrs]g
Roots Roots

[ l
Up to- or In— Understory —
the Forest Below the Forest Clgsr‘:):‘%éhe
Canopy Canopy

L

|

Small Leaves—
Short Drip Tips

Large Leaves—
Long Drip Tips

Evergreen

Summarv:

« Climbing vines use hooks or tendrils to
climb up trees.

» Trees have hard wood trunks anchored in
the ground by roots.

Epiphytes are plants that grow on the
branches and trunks of trees.

Roots take in water. They are also a
plant’s form of support.

Because rainforest soil is often thin, many
rair:orest plants have long, shallow roots.
Tall rainforest trees often have large
buttress roots for support.

Epiphytes have short roots which cling to
the trees on which they grow.

Rainforest plants are often described
according to the level in which they grow:
ground, understory, canopy, and emergent
Trees, vines, and 2piphytes may grow at
more than one level.

Different levels receive different amounts

of sunlight.

Leaves are a plant’s tools for trapping sun-
light and storing energy.

Below the forest canopy —where there is
little sunlight— leaves are large, thin, and
often have long “drip tips,” which allow
water to run off easily.

Canopy and emergent trees often have
smaller, thicker, and more rounded leaves
Plants in the dim understory may have
leaves with a reddish or purplish tint to
collect more light.

Because temperature and rainfall are fairly
constant in a tropical rainforest, the leaves
of most plants stav gréen all year long.
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GROUPS

RACE FOR THE RAINFOREST

Wildlife Conservation Society
The Wildlife Conservation Society is based at the Bronx Zoo in

New fork City. Its motto is “Working to Save Wildlife” and its main
goal is to save disappearing species and habitats. In addition to breed-
ing endangered species at the Bronx Zoo, the Wildlife Conservation
- .Ciety supports conservation and education programs around the

world. The Society encourages governments to protect natural habitats
and supports the work of field scientists. The Society often chooses to
focus upon areas known to have populations of highly endangered species,
or on regions rich in wildlife that have not been well studied.

Biodiversity Preservation Trust

The Biodiversity Preservation Trust’s main goal is 1o protect areas with high

biodiversity (many different species of plants and animals). The
Biodiversity Preservation Trust focuses on areas that have been well
studied and that are known to be natural habitats for many differer

kinds of plants and animals. The.Trust is particularly concerned

with places that are in immediate danger of human impact: forests
that are about to be cut, .:reas that are about to be flooded by a dam.

or places about to be mined for coal or oil.

The Traditional Peoples Survival Fund

The Traditional Peoples Survival Fund protects the ways of life of people
who have lived in the rainforest and relied on the forest for food and other
products for centuries. The Fund’s main goal is to buy and protect
land around existing villages. The Fund provides money ta_help
purchase land on which rainforest people can continue to fish, hunt
and harvest rainforest products. In general, the traditional peoples
elped by the Fund do not destroy the forest, but try to make use of its
plants and animals at a rate that is sustainable (naturally replaceable).
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Primate Protection Society

The Primate Protection Society is based at a university in Southeast Asia.
The Society’s main goal is to protect natural habitats that are home to
large numbers of monkeys, apes (such as gibbons), and other non-hums
primates (such as lorises). The Society is also devoted to educating
people about the need to protect habitats where primates are still

found. To encourage people to protect primate habitats, the Society

organizes trips to areas where primates can be observed. Places clos
to towns, or to rivers that can be reached by boat, are preferred.

Hearty Hardwoods

Hearty Hardwoods is a large timber company that earns money through
the harvest and sale of wood. It ships wood to countries in Southeast
Asia, the United States, and other parts or the world. The most profitable
trees are tall hardwoods, such as teak. When possible, Hearty
Hardwoods cuts trees selectively, which does not destroy habitats.
Sometimes, however, the company cuts down all the trees in an area—
comr»letely destroying the habitat. Hearty Hardwoods is most interested
'n buying areas that can be reached by road or boat, which make it
casier to remove the cut trees from the forest. Places near towns or
villages are also preferred, because they provide a scurce of workers.

Easy Flow Oil Company
Easy Flow QOil is a large international oil company. It owns thousands of

S gas stations in the United States and around the world. The Company’s
goal is to purchase areas known to be rich in oil. It sometimes also buys

( M areas in which oil exploration has not yet taken place. Easy Flow Oil is
)
)

most interested in regions that can be reached by road or boat— making it
easier to bring in equipment for oil wells and to ship oil out of the forest.
Places near existing towns or villages are also preferred, because many
workers are needed. The roads built and the hunting by the Company’s
workers cause the greatest harm to wildlife.
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High Energy Hydroelectricity Company
The High Energy Hydroelectricity Company builds hydroelectric dams
on large rivers. The energy in moving water is converted to electricity,
which is sold to several countries in the area. The hydroelectric dams
flood hundreds of square miles upriver of the dams, completely covering
the existing forest. People who live in the flooded areas are forced to
move to other places. Often, the dams prevent important nutrients
from flowing down the river. This can have a harmful impact on plants
and animals that live downstream. The Company buys sites on rivers,
preferably in areas where the flooding will not force villages to be moved.

Fossil Fuels Mining

The Fossil Fuels Mining Corporation runs coal mines around the world. Th

coal is taken out of mines and sold for use as fuel in many countries. The
Corporation buys areas known to be rich in coal, or in which coal explorati.

has not yet taken place. In some places, the Corporation mines coal near t
surface. of the Earth, completely destroying the habitat. In other place
it digs deep mines which are not as harmful to plants and animals. The
Corporation is most interested in buying areas that can be reached

by road or boat, which make it easier to bring in the equipment
- needed for mining and easier to ship the coal out of the forest. Place
near existing towns or villages are also preferred, because many workers are neede

Colossal Cattle

The Colossal Cattle company owns cattle ranches in many parts of the
orld. It buys rainforest areas and then rents the area to timber companies,
aowing them to cut down and remove all the trees. Once the trees
ar> gone, Colossal Cattle uses the cleared land for grazing large:herds
oi cattle. The beef from cows raised by Colossal Cattle is sold in large
quantities to restaurant and fast food chains in the United States and
other parts of the world. Colossal Cattle tries to buy sites with large
hardwood trees (preferred by timber companies) near rivers or roads.
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Site. One

“his is an area of rainforest that is almost untouched. It is far from any
roads or villages, and far from the Lankong River. Few expeditions have
been to this area. Those which have been here saw a wide variety of plant
and animal species. Their field notes include mention of leopards,
pythons, muntjacs, tapirs, tortoises, butterflies, pangolins, termites, flower
mantises, sunbirds and binturongs. The area has many tall hardwood trees
and would be a good place for grazing cattle. It has never been explored
for oil or coal. No people live on the site. [8,000,000 Ib of plant biomass]

Site Two

This site lies alcng the banks of the Lankong River, one of the largest rivers
that has not yet been dammed in Southeast Asia. The river and the sur-
rounding forest draw an extremely large variety of animals, which come
to the river to drink. These include tigers, leopards, tapirs, leaf monkeys,
gibbons, tarantulas, flying frogs, sunbirds, walking sticks, butterflies, flower
mantises, hornbills and binturongs. The river is large enough for large boats
to travel to and from the area. The surrounding forest has large stands of teai
and other hardwood trees. There are large reserves of oil, and coal deposits
just below the Earth’s surface. The site is a perfect spot for a dam, which
would flood the entire site. However, a small traditional village is located in
the area. The people would be forced to move if a dam is built. The site is ¢
| good area for grazing cattle. [10,000,000 Ib of plant biomass]

Site Three

This is an area in which logging took place many years ago. Some of the
ro~ds built at that time still remain. The site is on the banks of the river,
eignt miles from the nearest town. There are still large areas of hardwood
trees remaining that could be logged if roads are extended. There are also
many areas that would be good for grazing cattle. Although many.kinds
5f animals disappeared when the area was first logged, some species
-ave returned to the forest. These are known to include lorises, bintur-

ags, sunbirds, leopards, .eaf monkeys, gibbons, squirrels, walking
sticks and butterflies. There are known to be some oil reserves on the
Jite, but no coal has been found. The site is a fairly good place for a
aam. Mo people live on the site. [900,000 Ib of plant biomaz:]




Site Four

This site is on the banks of the Lankong River. It is a large area of swamp
M\ forest, which is under three feet of water most of the year. Arboreal (tree-
dwelling) species are most common. The species found here include
binturongs, gibbons, flying frogs, flower mantises, tapirs, leopards,
flying foxes, butterflies, sunbirds, giant squirrels, and walking
sticks. There are few tall hardwood trees and no known reserves o
¥ oil or coal. Because it is often flooded, the site is not good for
" grazing cattle. No people live here, but it is an important hunting
/' ground for the people of Site 3. A hydroelectric dam could be built
7 here, but the site is less than ideal. Expensive construction would be
necessary in order to prepare the site for a dam. A dam built here would
also flood half of Site 5. [3,000,000 Ib of plant biomass]

Site Five

"his area has many different species of plants. There are not many large

ardwood trees, but there are very large reserves of oil. Coal is found

1 deposits deep below, as well as close to, the Earth’s surface. The
site is a good place for grazing cattle. No villages are found in
the area. The site is one of the last remaining habitats of the
Sumatran rhinoceros. Otner species found here include tigers,
“apirs, muntjacs, tortoises, butterflies, binturongs, flower mantises

.d giant squirrels. The site is fairly close to the Lankong River. Ifa
hydroelectric dam is built on Site 4, half of this area will be flooded as
vell. [4,000,000 Ib of plant biomass]

Site Six
This site is near the Lankong river, but far from any major cities or
towns. A large traditional village is found on the site. The surrounding
forest has some fairly big stands of teak and other hardwood trees.
Animals in the area include leopards, pangolins, termites, walking
sticks, tarantulas, butterflies, leaf monkeys, eagle owls, and muntjacs.
At one time, tigers were found in this area, but none has been seen in
more than two years. There are large reserves of oil and coal in the
region. The area is a fair place for grazing cattle. Because the site doe:
not include t- - riverbank, there is no place for a hydroelectric dam.

(6,000,000 b of plant biomass]
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The Sun and the Earth: \}

How Good A Detective Are You?
On the back of this page are a number of clues about the sun and the Earth.
Some of the clues are in words, some of them are in pictures. Use one or more
of the clues to answer each of the questions on this page. Be sure to say which

clues you used for each answer. Get more than half of the answers right and you
qualify as a Solar Detective, First Class.

Solar Detective Exam: Use Only Sunlight

If the sun suddenly turned bright blue, how long would it be bef::re the first ray of blue
light reached your eye? (All light travels at the same speed.)

On December 21, what part of the world is dark all day and night? What part of the
world has 24 hours of daylight? (Remember, the Earth spins around its axis.)

On June 21, what part of the world is dark all day and night? What part of the world
has 24 hours of daylight? (Remember, the Earth spins around its axis.)

Does the Tasmanian Devil celebrate New Year’s Day in the middle of the winter or the
middle of the summer?

Which get more solar energy, the tropics or the areas near t* : poles¢

Why does it get colder as you move from the Equator to the North or South Pole?

Where do you thjnk you would find more plants, in the tropics or at the poles? Why?

Why is it winter in the United States when the Earth is closer to the Sun and summer
when it's farther away? |s that crazy, or what?

Now for the question w1at separates the Solar Detectives, First Class from mere human
beings: Why are there seasons? Study the clues carefully and talk this one over. Draw

your own diagram if it makes it easier to explain.



E Clue #1: About the Sun E 3 K
! i . L I Clue #2: Just for You! !
: The Earth is an average of 93 million miles : ] o ] Fem———————————————————
t from the sun. During part of the year, it's a | 1 Tasmania is in Australia, ! i Clue #3: Holds the Key
! little ~loser. During part of the year, itsa | ! in the §outhern | ! Plants like licht
i little farther away. E E Hemlsphere. E E ght.
ke - d Lo J L —
Clue #4: Study It More
A
) Northern North Pole
Hemisphere
North — L
Pole Northern
‘ Hemisphere

Southern

Hemisphere
Sout
" Pole

Southern
Hemisphere

June 21

South Pole

Axis

December 21

Axis North Pole

r = r h }
! Clue #5: How | | Clue #6: Just for Kicks :
i . P ) i Sun’s Rays — —
i Long to Arrive? i E When the sun’s rays hit the i v—{ Equat
| Lighttravelsat | ! Earth directly (A), they provide !
i a speed of E g strong heat and light. When | Sun’s Rays ——b ——> } A
{ 186,000 miles ! | the sun’srays are more spread !
| persecond. | | outoverthe Earth’s surface (B), | B
L d i their heat and light are weaker. 1 Sun’s Rays = —— —— A—\
' ! “~ South P
iy 7 | Clue #9: The Famous
Clue #7: : r 7 E Line
. 1 . ]
Tropical Heaven i 5 Ch.’e #8: Check That Date ! | The Equator is an
The tropics are ! | It's not the Earth’s distance from the sun that makes seasons— E i imaginary line running
the areas just i E it's the angle to the sun. When the Northern Hemisphere is ! E around the middle of
north and south ! | tipped toward the sun, it's summer in the United States. When | | the Earth, dividing it
of the Equator. E i the Southern Hemisphere is tipped toward the sun, it’s summer i E inzo the Northern and
Lo in Australia. {1 Southern Hemispheres.
—a L I




little mixed
up about how
photosynthesis
works - maybe
you can help
me outl

The carbon dioxide gas (CO,)
travels through the air and enters
a leaf through microscopic
holes called stomata.

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

C The sugars made by photosynthesis
: provide the energy in fruits,
ver. “*ables, and all other plant foods
we -at. They are passed up the food
chain to become the energy in all the
animal foods (such as beef, chicken,
fish) in the rest of our diet.

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.

: E
: Every time we take a breath,
we inhale oxygen gas (O,)
produced by plants through
photosynthesis. The oxygen is
essential to our survival.
i G

Nearby, people and other
animals exhale a gas called
carbon dioxide (CO,).

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

The order of the following sentences has been scrambled.
Cut them out and match them to the drawings so they tell the
story of photosynthesis.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.

The process of photosynthesis can
be described in word or symbol
equations. Whichever equation you
prefer, sunlight is always the energy
"that makes photosynthesis ~ossible.

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.

The leaf has now made oxygen gas
" and sugar, which the plant
uses to feed itself.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.

Sunlight travels to the Earth and
strikes a tree,which is absorbing
water (H,0) through its roots.

-
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
.

Sunlight striking a leaf is

absorbed by the green pigment
chlorophyll. The energy in sunlight
is used to power a reaction
between carbon dioxide (CO,)

and water (H,O).

.
...............................................................
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Now is your chance to help us make photosynthesis
happen. Fill in the words or symbols at right any-
where on your leaf shaped grid. Put one complete CARBON DIOXIDE (O, (6 squares)
symbol in each square. When all your squares are WATER H,0 (6 squares)
filled in, you've ready to play. As your teacher calls OXYGEN 0, (6 squares)
out a square, cross it off. Then write the word or SUGAR (glucose ) C:H:.Os (1 square)
symbol you crossed off into its proper place on the CHLOROPHYLL g (11 squares)
blank equation. When all the blanks in your equation = 9

* are filled in, jump up and yell "Photosynthesis!" SUNLIGHT < (4 squares)

+ + — +
(Carbon Dioxide) (Water) (Sunlight) (Sugar) (Oxygen)
(Chlorophyll)

f\\




vf. '//.’: 'l
,lh,‘, \ .-\ A
o I

pazss\
——

1o’ e 2o

=
ZT V|

Average Daylight
Hours
Rainforest Tundra
(S. =. Asia) (Alaska) \
Jan. 12 1
Feb. 12 7
Mar. 12 12
Apr. 12 16
May 12 23
Jun. 12 24
July 12 24
Aug. 12 19
Sept. 12 14
Oct. 12 9
| Nov. 12 3

\J

%)

Which habitat has more species of plants and animals, the
rainforest or the tundra? If you know the answer, can you
explain why? This activity should help you figure out the

answer and explain it to other people.

But let's start by creating a hypothesis. A hypothesis is a
prediction or assumption that can be tested through obser-
vation. For example, the following statement is one
example of a hypothesis:

Classical music concerts are louder than rock music concerts.

This is a hypothesis that can be tested through observation.
How would you test it?

You can create a habitat hypothesis by filling in the blanks

in the statement below:

The has more kinds of plants and

(rainforest/tundra)

animals than the because
(rainforest/tundra)

Now let's look at some information that will help you test your hypothesis.
You already know that the Arctic tundra gets less direct sunlight than the
rainforest regions near the Equator. Another important factor for plants
and animals is the amount of time when the energy is available. Do you
think most plants can survive several months in almost total darkness?

The average monthly temperature also tells us much
about how easy it is for plants to grow. Plants
need water for photosynthesis. If the water
is frozen, then plants cannot use it to

convert the energy in sunlight into
the sugars they use for food.

Look at the two tables on this
sheet—showing Average Daylight
Hours and Average Monthly
Temperature. Use the information
in the tables to make two graphs
comparing the conditions of the
rainforest and the tundra. Then use
both graphs to help you answer the
questions below.



Average Monthly
Temperature: °F

Jan.

Feb.

Mar.

Apr.

May

Jun.

July

Aug.

Sept.

Oct.

Nov.

Dec.

Rainforest Tundra
(S. E. Asia) (Alaska)

81

81

82

32

84

82

82

82

82

81

81

81

-14

-20

19

33

39

38

31

14

How many hours of sunlight does the tundra get in January and July? How
many hours does the rainforest get?

e What is the average monthly temperature in the tundra in January and July?

In the rainforest?

How many months a year do you think plants can photosynthesize in the
tundra? How many months can they photosynthesize in the rainforest?

Do you think it would be easier for most plants to grow in the tundra or in
the rainforest? Why?

Scientists have a word that describes the total weight of all the plants and
animals in an area. They call it biomass. Would you expect the tundra or
the rainforest to have more biomass? Explain why in terms of energy.

You've already thought about some of the problems plants face in the tun-
dra. What are the problems faced by animals? Explain in terms of er~rgy.

A rainforest is a very high energy habitat. In human terms, it’s like liv ng in
a big city—there is a lot of opportunity, but a lot of competition too. Ahat
kinds of problems do you think plants and animals might face in a rainrorest?
How do you think they might go about solving them?

Now imagine you are a field biologist interested in comparing the tundra
to the rainforest. Your first task is to come up with a testable hypothesis.
Use your answers to the questions above, and your graphs, to revise your
original hypothesis. Do you still agree with the way it is written? Are there
things you might like to add based on the questions above and the graphs

you have made? After your hypothesis is complete, write a paragraph
describing how, as a field biologist, you will go about testing it.
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AND FOOD"
——

Calories! At some point in our lives, we all think about how many Calories we’re eating. But what is a
Calorie? How are the Calories in our food related to our energy needs and body weight? This activity will
help you to understand the relationship between energy, Calories, and food.

The engine of a car needs
fuei in order to make the
wheels turn. The fuel it is
designed to use is gasoline.

Your body also needs fuel
to work properly. The fuel
it is designed to use is food.

The energy in gasoline is what allows a car to do the work of transporting
you from place to place. The energy in food is what allows your muscles
and bones to do the work of moving yourself from place.to place (by walk-
ng, running, hopping, jumping, skipping, dancing, or however else you
-hoose to go).

Some foods contain more energy

//_fﬁ‘-’_/;ozé%? than others.
w__A/\J‘%

‘)V\x

\.@Z// Celery: 1 pound ‘ Which has more energy, a

: pound of ice cream or a
Ice Cream: ‘ i pound of celery?

1 pound

The energy in food can be »
measured in Calories. To a
scientist, a Calorie is the
amount of energy it takes to
raise the temperature of a kilo-
gram (2.2 pounds) of water by
one degree Celsius (about 1.8
degrees Fahrenheit).

1 CALORIE

Throughout most of human history, we haven’t usually had three meals a
day, spaced out to keep a constant supply of energy in our bodies. So
our bodies evolved ways to save energy for times when it isn’t available.
We do this by taking the extra Calories in food and storing them in fat.
Fat is like a bank account that you use only in emergencies. If your body
doesn’t have enough food, it can then use the stored fat for energy.




Today, most people in this country can eat much more food than they §y N

N
actually need, and many of those foods are very high in Calories. But A ) '
adaptation takes a long time to adjust to change — our bodies still think ) . 2/ V4
we're living in times when food sometimes was not available. When A4, / L»
we eat more than we need, our bodies take the extra Calories and 6 )
tuck them away for a rainy day in the form of fat. Too much fat can : N\ amn’
be unhealthy. That's why you see many people watching their diets \ Ry,
and counting Calories. / /

Although it doesn’t always

N I : Calorie Conundrum
seem like it, there is a

direct relationship 0 3,600 Calories =.one pound of fat. There are 180
between how many Calories in a typical soft drink. If you drank one

Calories we eat and how extra can of soft drink every day, how many days

much fat we store in our would it take to add an extra pound to your body
bodies. In fact, 3,600 weight?

E;l:;f; ;sfa;:zu;h::al to e There are 60 Calories in a batch of 200 termites.

If a pangolin ate one extra batch of ter-
mites per day, how long would it take
the pangolin to add a pound of fat to
its body? How many extra termites
would it have eaten?

Calorie problems vill
show you how it works.

There are 600 Calories in a pound of leaves. If a
camel ate 2 extra pounds of leaves every day,
how long would it take the camel to add one

pound of fat to its hump?

The camel has a hump that stores 60 pounds of fat.
It normally eats food containing 7,200 Calories per
day. If it needed to cross a wide desert without
food, how long would it be before the energy in its
hump was totally used up?

6 There are 200 Calories in a small bag of
potato chips. If a person eating one bag
every day stopped eating them, how
long would it take that person to lose
one pound?




Which has to worry more
about losing its body heat —
a lemming or a bear?

One of the most difficult things about life on the tundra is keeping warm. In order to su?vive, a tundra
nimal has to make enough heat to keep itself warm — and make sure it doesn’t lose too much of that
neat to the outside world.

If you were to design an animal for life on the tundra, would you want it to be big or _.aall? A tough

question. An animal produces heat inside its body and loses heat through its skin. So to answer the ques-
tion, you need to think about the amount of skin an animal has compared to its body size. The more skin
an animal has for its body size, the more heat it usually loses to the outside world.

Length: 1 foot
—. = Do all animals, no matter how big they are, have the same amount of skin for their bods
3‘Eil-— I~ Size? Look at the pictures above and fill in the Tundra Math hypothesis below:

BN =y ) ) ) .
i\ T T Al h kin for its bod th bear.
:ﬂ\\\‘f-/i@ emmlng as lesvmoresthe same amount of sKintor fts bo y size an/as a bear.
B
o

Height 1 foot

Through millions of years of adaptation, tundra animals have found solutions to prot
lems related to body size and heat loss. But you can explore that relationship
through an invention animals don’t have: mathematics.

Y ‘.t"-\‘ “)\:
L

Nidth: 1 foot *

BOX A

When we compare an animal’s amount of skin to its body size, we are compa

ing the animal’s surface area to its volume. It's hard to measure the surface
area and volume of animals. But we can figure out what we need to

know by comparing the animals to objects that ‘e can measure easily
like the two boxes snown on the left. Preten.: :hat the small box
above is the lemming, and the large box is the bear. Now rewrite
your hypothesis:

~———— {enath: 2 feel ———2pm

Box A has surface area (skin) for its

less/more/the same amount of

volume (body size) than/as Box B.

A———— Hewght. 2 feet ——— g

Now let’s test whether your hypothesis is correct.

Vidth: 2 feet Box A'is 1 foot on each side. Box B is two feet on each side.

4




0 What is the area of each side of Box A (length x width)? square feet

e What is the area of each side of Box B (length x width)? square feet

An object’s surface area is the total area of all its different sides. So, multiply the area of each side by the
number of sides on a box to get the total surface area of each box. (How many sides does a box have? If

you're not sure, look for one around you and count.)

9 What is the total surface area of Box A? square feet

e What is the total surface area of Box B? ' square feet

The totz surface area of the large and small boxes is like the total amount of skin of the large and small ani-
nals. Which is bigger? '

e What is the volume of Box A (length x width x height)? cubic feet

@ What is the volume of Box B (length x width x height)? cubic feet

The volume of the two boxes is like the overall body size of the two animais. Which is bigger?

Now comes the hard part. But remember what a ratio is and you won't have any problems.

6 Compute the ratio of the total surface area of Box A to the total volume of Box A (divide answer
3 by answer 5). This is the area of the small box compared to the box’s size.

Ratio:

Compute the ratio of the total surface area of Box B to the total volume of Box B (divide answer

4 by answer 6 and reduce the fraction until the denominator is 1). This is the area of the large
box compared to the box’s size. Ratio:

Do the two boxes have the same armount of surface area for their volumes?

Which one has more?

So whict: animal has more surface area for its volume?

Does this information support your original hypothesis?

’—-?}"5‘ %

- So for its body size, will a lemming or a bear lose more heat to the outside world?

00060 O

X
Would you design an animal to be large or small in a cold climate? Explain.

This is one wav in which scientists use mathematics to find out about the world around us.



Elephants, Shrews, and YOU

Earlier in this program, you created a Habitat Hypothesis. You learned that a hypothesis is a prediction or
assumption that can be tested through observation. Creating a hypothesis and testing it are two of the most
important parts of the way scientists work. The process by which scientists figure out answers to questions
is called The Scientific Method. It can be shown in six steps.

The Scientific Method
0 Identifying A Question .
e Gathering All The Information Available

9 Creating a Hypothesis
e Performing Experiments or Making Observations To Test The Hypothesis

9 Figuring Out If Results Support The Hypothesis
e Drawing A Conclusion

Now we'll look at how the Scientific Method can be applied to a situation in the real world. Imagine you
are a biologist interested in exploring how an animal’s body size is related to how much food it needs to eat.

Identifying A Question

The question you identify is:
Which eats more food per kilogram of its body weight,-an elephant or a shrew?

Gather-1g Information

After identifying your question, you gather the following information trom studies other scientists have
done. Shrews are the smallest mammals in North America. They eat insects and other small animals.
Elephants eat hay, leaves, twigs and other plant food. In one article, you find the following chart:

Calories in Food

Shrew 2.0 Calories per gram
Elephant 1.5 Calories per gram
]

Whiw.n animal’s food has more energy (Calories per gram)?




Creating A Hypothesis

Now is the time to create a hypothesis. Obviously, an elephant eats much more than a shrew, because it's
so much bigger. But imagine that an elephant and a shrew are the same size. The shrew still eats animals
and the elephant still eats hay and other plant foods. Based on the information above, which do you think
needs to eat more food? In other words, which one has to eat the most for its size? (Hint: Look at the

Calories in each one’s food?)

Write your answer as a hypothesis:
A/an needs to eat more food for its size than a/an

elephant/shrew)

elephant/shrew)

Performing Experiments or Making Observations

Next comes the time to test your hypothesis. You will need to use experiments or
observations to find out the following: '

o the weight of an elephant;
e the weight of a shrew;
9 the weight of food an elephant eats in a day;

e tne weight of food a shrew eats in a day.

These figures are not so easy to find. (It's hard to get an elephant to climb onto your
bathroom scale.! On another sheet of paper write a paragraph describing the observa-
tions or experiments you will use in order to find the information (or “data”) you need.

Figuring Out If Your Results Support Your Hypothesis

" Now that you've completed the experimental part of your project, the time has come to interpret the
results (data) you have found. Your results are shown in the table below.

Body Weight Food Eaten/Day
Shrew 0.13 0z (3.7 gm) 0.39 0z (11.1 gm) .
Elephant 11,000 Ib (4994 kg) 220 Ib (100 kg)

Use the information in the table tc ..gure out how much food each one eats relative to its body weight.

Do this by dividing the amount of food eaten by the animal’s body weight. Now multiply the total by 100.
This is the percentage of its body weight that each animal eats in a day.

Shrew: % Elephant: e -

Does the shrew or the elephant eat more food for its size?

Respond to your hypothesis. Is it true or false? e

Drawing A Conclusion

In another paragraph, ex:. ain your results. Was your hypothesis supported? Why or whv not¢



You've read the story of my voyage; now you can help me fill in this Energy Puzzler.
_.ee how much you can fill in based on everything you've learned already. If there are clues you can't
answer, take another look at my story. it has ail the information you need.

elclb

.Cross

3. Creatures that break down dead
plants and animals and return
their nutrients to the soil.

7 A design that shows how energy
ecreases as vou follow it from
1e Sun to green plants, herbi-

.ores, first level carntvores, and
finally top carnivores.

9. A form of energy round in light-
ning and a socket in vour wall.

10. The heat that cooks food and the
light that illuminates your room
are hoth examples of energy’s

ability to do this,
1.The process in which plants

rhenrh the Siin’s anerav and

“jo|lmnjclm]jzijc |
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changes form, the amount of use-
ful energy goes down.

16.A form of energy that allows you
to read this page.

19.A warm and wet habitat that is
home to more than half of the
species known on Earth.

22.The first carnivore that Sunburst
and the Professor travel through
on their voyage.

24.The fossilized remains of plants
and animals that lived millions
of years ago; oil and coal are
two examples.

25.The green plant, or producer, in
which Sunburst and the Protes<or

Down

1. A form of energy that cooks food
or raises the body temperature of
a lizard lying in the sun.

2. The top carnivore that Sunburst
and the Professor meet on their
voyage.

4. An animal that eats plants and
animals.

6. 186,000 miles per second.

8 The herbivore that eats Sunburst’s
dandelion.

11. A major cause of the destruction
of habitats, this concept describes

the increase in the number of
people on Earth.

12 This states that enerev can chanee

14.
17.
18.

23.

©1994 WILDLIFE CONSERVATION SOCIETY

Animals that eat only meat.
Animals that eat only plants.
The total weight of all the plants
or animals found in a habitat.

. One of the ingredients in photo-

synthesis, and the source of the
energy in all the living things on
Earth. Sunburst and the Professor
start out in this form.

. A habitat that is cold and dark

much of the year, it is still popu-
lated by an amazing variety of
plants and animals.

The ability to do work, it comes

in many different forms.
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APPENDIX C

VOYAGE FROM THE SUN

Teacher Evaluation Form

Please fill out the form below in as much detail as possible. Your responses will be extremely
valuable as we evaluate the program and make plans for its future. In addition to this form,
we would greatly appreciate receiving examples of your students' work, videotapes, slides-
anything that will provide information on how the program was received by you and your
students. Please mail this form, and any other materials, to the following address:

Voyage From The Sun

Education Department

Bronx Zoo/Wildlife Conservation Park
Bronx, New York 10460-1099

Your Name

School Name

School Address

School Telephone

Home Address

Home Telephone

1. Atwhat grade level(s) did you test the program?  (please circle grade)

4 5 6 7 8 9 Other



2. How would you describe the majority of your students?

above average academically special education
(please explain below)

average academically

below average academically

3. What percentage of your students are eligibié for participation in the school lunch
program?
%

4. Please describe the demographics of the class with which you used the program.

5. What was your overall response to the program? Please circle and explain.

highly effective effective ineffective




O\

10.

11.

12.

13.

How did the program’s difficulty relate to your students' ability and maturity?
too difficult about right too easy

In your opinion, how clear were the aims of the program?
very clear clear unclear very unclear

In your opinion, did the instructional activities address the stated aims?

yes no

Please rate the program's effectiveness in stimulating your students'’ inte?est in science.
excellent gooa fair poor

How interesting was the program to your students?

very interesting interesting uninteresting very uninteresting

In how many class periods did you use the program with your students?

How many of the program's 20 lessons did you complete?

How many class periods would it take to implement the program in'its entirety with
students of similar academic background?

# sessions of approximately ; #minutes per session



14.  Did the program provide enough opportunity for student involvement and discovery?

high student involvement moderate student involvement low student involvement

15.  What were your, and/or your students', favorite activities in the program? Why?

16.  What were your, and/or your students’, least favorite activities in the program? Wh."

17.  Did the program duplicate other curricular programs or did it provide new materials
and approaches? (please circle)

[}

Many New Some New Duplicates
Approaches/Materials Approaches/Materials Other Programs



18.  If the program contains new approaches, please check off all of the following that were
included.
Holistic Approach To Energy/Ecology
Integration Of Physical And Biological Sciences
Use of Experiments And Research
Application Of Physical And Biological Concepts To Real-Life Situations
Hands-On Activities
Use Of Zoos And/Or Animals To Enhance Classroom Learning

Use Of Games And Simulations

Other (Please Explain Below)

19.  How well does this program fit into your current curriculum? Please explain and tell us
where in your curriculum you integrated this program.




20.  Were there any unexpected learning outcomes that resulted from the program? If so,
please explain.
21.  What assessment tools did you use? What results did they show? Please explain.
22.  Did you attend a training session with a member of the Bronx Zoo staff?
Yes No
23.  If you attended a training session, did you find it to be:
Very Effective Effective Not Effective
24.  Would you like to use this program again? Yes No

Why or why not?




Part 2

Please provide specific ratings and information on the following program elements.

25.  Teachers' Gui

a. How clear were the instructions provided?

very clear clear unclear very unclear

b. How useful was the background information?

very useful useful not very useful useless

c. Overall, how would your rate the Teachers' Guide?

very effective effective not effective

26. Voyage From The Sun Comic Book

a. How effective was the comic book in providing science content ana motivating
students?

very effective effective not effective

b. How would you rank the comic book in terms of your students' abilities?

too easy easy about right difficult .= very difficult

27. Energy Pyrami

a. How effective was the pyramid in providing science content and motivating
students?

very effective effective not effective



28.

29.

Plant and Animal Cards

a. How effective were the plant and animal cards in providing science content and
motivating students?

very effective . effective not effective

Activity Sheets

a. How effective were the activity sheets in providing science content and motivating
students?

very effective effective not effective

b. Which activity sheets were most effective?

c. Are there any activity sheets you chose not to use? If so, which ones and why?




30.  Energy For Survival Poster
a. How effective was the poster in motivating students?

verv effective effective not effective

31.  Race For The Rainforest Game
a. How effective was the game in providing science content and motivating students?

very effective effective not effective

Thank you very much for your comments! Please use the reverse of this page
for any additional remarks.
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Voyage From the Sun Program Evaluation

Suvmmary for All Grade Level

Background information:
Academic level of students:

% of students eligible for
School Lunch Program:

Class Demographics include:

1 evaluation

Average =19

Below average = 13

Special Education (emotionally
disturbed) =1

Above average =2

Ranged from 2 to 100%

Multicultural

Middle class suburban mix
White middle class
Black/Hispanic

Rural (lc' er to middle class;

Overall response to the program:

Rate the program's difficulty in relationship

to the students' ability and maturity:

How clear were the program's aims?:

Did the instructional activities address
stated aim?:

Highly effective = 11
Effective =19
Ineffective = 0

About right = 26
Too difficult =6
Too easy =0

Very clear =16
Clear=15

Unclear =0
Very unclear = 0

Yes =31
No=0



Rate program's effectiveness in stimulating

students' interest in science:

How interesting was program to
your students?:

Average number of periods the program
was used:

Average # of lessons completed:
Average # of periods it would take to

implement entire program for students
> same ability:

Rate the student involvement that
the program involves:
Does the program provide new

materials/approaches?:

Which were new approaches?:

Excellent =17
Good =14
Fair=0
Poor=0

Very interesting = 18
Interesting = 14
Uninteresting = 0
Very uninteresting = 0

13 periods

10 lessons

25 periods @ 45 minutes

High involvement = 25
Moderate involvement = 10
Low student involvement = 0

Many new = 22
Some new =9

Use of games/simulations (28)

Holistic approach to energv/
ecology (25)

Integration of physical science/
biology (24)

Hands-on activities (22)

Application of concepts to
real-life (20)

Use of zoos to enhance
learning (20)

Use of experiments/research (15)



Does the program duplicate other
programs?

# of teachers who attended training:

Rate the training session:

Would you like to use this program again?:

Reasons why all tezchers would
use ‘he program again :
(most frequently cited comments)

Teachers' guide instructions are:

Teachers' guide background info is:

Rate teachers’ guide:

How effective was the comic book
in providing science content and
motivating students?:

2 (duplicates school districts’
ecology program, but Voyage
is more detailed)

30

Very effective = 24
Effective =6
Not effective = 0

Yes= 31
No=0

Served as a

high motivation for learning

Enhanced learning

Effecuve teaching tool

Fun/fabulous way to integrate
subjects

Interesting and part of existing
curriculum

Integrates concepts

Very clear =17
Clear =13
Unclear =1
Very unclear = 0

Very useful = 23
Useful =7

Not very useful =0
Useless =0

Very effective = 19
Effective = 10
Not effective =0

Very effective = 23
Effective =7



Rank comic book in relationship to
students' abilities:

How effective was the pyramid
in providing science content and
motivating students?:

How effective were the plant/animal
cards in providing science content and

motivating students?:

How effective were the activity sheets
in providing science content and
motivating students?:

How effective was the poster
in motivating students?:

How effective was the "Race for the
Rainforest" game in providing science
content and motivating students?:

Not effective = 0

About right = 26

Difficult =9
Easy =2
Tooeasy =0

Very difficult =0

Very effective = 21
Effective =6
‘Not effective = 1

Very effective = 24
Effective =6
Not effective =0

Very effective = 18
Effective = 10
Not effective = 1

Very effective = 12
Effective =12
Not effective =5

Very effective = 13
Effective = 6
Not effective =0



Favorite Activities (summary of all grade levels)

Activity # of Responses
Photosynthesis Bingo 15

Comic Book 12

Pyramid 10

Food chains/Webs 7

Coloring Poster 6

Rainforest Race _ 2
Photosynthesis Scramble 2

Least Favorite Activities (summary of all grade levels)

Activity # of Responses
Activity sheets with math 6
Habitat Survival Bag 2




Voyage From the Sun Program Evaluation by Grade

4th Gr val

Background information:
Academic level of students:

% of students eligible for
School Lunch Program:

Class Demographics include:

ions receiv

Average =5

Below average = 4

Special Education (emotionally
disturbed) =1

Ranged from 5 to 99%

Multicultural

‘Middle class suburban mix
White middle class
Black/Hispanic

Overall response to the program:

Rate the orogram'’s difficulty in relationship
to the students’ ability and maturity:

How clear were the program's aims?:

Did the instructional activities address
stated aim?:

Rate program's effectiveness in stimulating
students' interest in science:

Highly effective = 6
Effective =2
Ineffective =0

About right =7
Too difficult =3
Too easy =0

Very clear =6
Clear =3
Unclear =0
Very unclear = 0

Yes =9
No=0

Excellent =8
Good =1
Fair=0
Poor=0



How interesting was program to
your students?:

Average number of periods the program
was used:

Average # of lessons completed:

Average # of periods it would take to
implement entire program for students
of same ability:

Rate the student involvement that
the program involves:

The five most favorite activities are:

The least favorite activity was:

Does the program provide new
materials/approaches?:

Very interesting =9
Interesting = 0
Uninteresting =0
Very uninteresting = 0

19 periods

12 lessons

30 periods @ 40 minutes

High involvement =9
Moderate involvement = 0
Low involvement = 0

The pyramid

Tt e comic book

Photosynthesis Scramble
Researching habitats anc animals
Webbing

Any activity involving complex
mathematics calculations, i.e.,
Energy Calories/Tundra Math

Many new =7
Some new =2
Duplicates other programs = 0



Which were new approaches?:

Reasons why program fits
curriculum:
(most frequently cited
comments)

Unexpected learning outcomes:
(most frequently cited
comments)

What assessment tools were used?:
(most frequently cited
comments)

# of teachers who attended training:

Use of games/simulations (8)

Hands-on activities (8)

Holistic approach to energy/
ecology (7)

Integration of physical science/
biology (6)

Use of experiments /research (5)

Application of concepts to
real-life (4)

Use of zoos to enhance
learning (4)

Use of critical thinking skills

Use of hands-on activities

Includes food chains/webs/
photosynthesis and ecology
topics

Bolsters student's self-esteem

Matches science curriculum

Students learned and retained

more information

Students paid closer attention to
how environment effects people
and animals

Program includes a high level of
student involvement

Students developed awareness of
their reponsibility in world

Discussion and debate which
aemonstrated students' vocal
concerns about the environment

Pretest/Posttest which rev~aled
that students were learning

Webbing, research and art
projects which demonstrated the
students' progress

9



Rate the training session:

Would you like to use this program
again?:

. Reasons why all teachers would
use the program again:
(most frequently cited comments)

Teachers' guide instructions are:

Teachers' guide background info is:

Rate teachers' guide: .

How effective was the comic book
in providing science content and
motivating students?:

Rank comic book in relationship to
students' abilities:

Very effective =7

Effective =2
Not Effective =0

Yes =9
No=0

Served as a high motivation for
learning

Enhanced learning

Effective teaching tool

Fun/fabulous way to integrate
subjects

Interesting and part of existing
curriculum

Integrates concepts

Very clear =5
Clear =4
Unclear =1
Very unclear = 0

Very useful =8
Useful =1
Notuseful =0
Useless =0

Very effective =7
Effective =2
Not effective

Very effective = 8
Effectve =1
Not effective = 0

About right =7
Difficult =5
Very difficult = 0
Easy =0

Too easy =0



How effective was pyramid in providing
science content and motivating students?:

How effective were the plant/animal cards
in providing science content and

motivating students?:

How effective were the activity sheets
in providing science content and
motivating students?:

Most effective activity sheets are:

Least effective activity sheet:

How effective was the poster
in motivating students?:

How effective was the "Race for
the Rainforest" game

in providing science content and
motivating students?:

Very effective =9
Effective =0
Not effective = 0

Very effective =7
Effective =2
Not effective = 0

Very effective = 4
Effective =5
Not effective =0

Photosynthesis Bingo
Photosynthesis Scramble
Energy Watch

Sites for Sale

Build a Plant

Population Possibilities
Solar Detective

Habitat Hypothesis (hard to
understand w/out ex.)

Very effective =4
Effective =2
Not effective = 1

Very effective =4
Effective =2
Not effective =0



h Gr 13 evaluations receiv

Background information:
Academic level of students: Average =8
Below average =5
Above average =1
% of students eligible for

School Lunch Program: Ranged from 2 to 100%

Class Demographics include: Multicultural
Middle to upper middle class
Hispanic
Black

Rural (lower to middle class)

Overall response to the program: Highly effective =4

Effective =9
Ineffective =0

Rate the program's difficulty in relationship

to the students' ability and maturity: About right = 11
Too difficult =2
Tooeasy=0

How clear were the program's aims?: Very clear =7
Clear =6
Unclear =0
Very unclear = 0

Did the instructional activities address
stated aim?: Yes =13
No=0

Rate program's effectiveness in stimulating

students' interest in science: Excellent =4
Good =9
Fair=0
Poor =0



How interesting was program to
your students?:

Average number of periods the program
was used:

Average # of lessons completed:

Average # of periods it would take to
implement entire program for students
of same ability:

Rate the student involvement that

the program involves:

The five most favorite activities are:

The least favorite activity was:

Does the program provide new
materials/approaches?:

Does program duplicate other programs?:

Which were new approaches?:

Very interesting = 5
Interesting =9
Uninteresting =0
Very uninteresting = 0

13 periods

9 lessons
25 periods @ 45 minutes

High involvement = 8
Moderate involvement =5
Low student involvement =0

The pyramid

The comic book
Photosynthesis Bingo
Food chains/webs
Coloring the poster

Any activity involving complex
mathematics calculations
Webbing(had already done a lot)
Habitat Survival Bag Game

Many new = 10
Some new =3

District ecology program =1

Use of games/simulations (12)

Use of zoos to enhance
learning (11)

Holistic approach to energy/
ecology (11)



Reasons why program fits
curriculum:
(most frequently cited comments)

Unexpected learning outcomes:
(most frequently cited comments)

What assessment tools were used?:
(most frequently cited comments)

# of teachers who attended training;

Rate the training session:

Hands-on activities (10)

Integration of physical science/
biology (9)

Application of concepts to
real-life (9)

Use of experiments/research (5)

Other: students role-playing

comic book characters (1)

Includes energy and ecology

Good source of integration (esp.
ecology and rain forest)

Integrated with reading/writing

Good link to ecology, environ-
ment and marine biology units

Pulled together concepts of
photosynthesis and habitats and
clarified them

Students looking forward to
science and learning about
ecology

Students who were difficult to
motivate were enthusiastic

Students became more aware of
true life applications of sun's
energy

Photosynthesis activities
enhanced students' learning

Discussion with adults
demonstrated students’ under-
standing

Pretest/Posttest which revealed
that students were learning

Students teaching younger
children demonstrated their
understanding of material

13

Very effective = 12
Effective =1
Not effective = 0



Would you like to use the program again?:

Reasons why all teachers would
use the program again:
(most frequently cited comments)

Teachers' guide instructions are:

Teachers' guide background info is:

Rate teachers' guide:

How effective was the comic book
in providing science content and
motivating students?:

Rank comic book in relationship to
students’ abilities:

How effective was the pyramid
in providing science content and
motivating students?:

Yes =13
No=0

Served as a high motivation for
learning

Perfect match of science units

Effective teaching tool

Fun way to learn

Keeps the kids' interest

Addresses the need to discover
importance of energy and its use

Very clear =5
Clear =7
Unclear =0
Very unclear =0

Very useful =7
Useful =5

Not very useful =0
Useless =0

Very effective =5
Effective =7
Not effective =0

Very effective =9
Effective =3
Not effective =0

About right =11

Difficult =2
Easy =1
Too easy =0

Very difficult = 0

Very effective = 8
Effective =3
Not effective =0



How effective were the plant/animal
cards in providing science content and

motivating students?:

How effect:ve were the activity sheets
in providing science content and
motivating students?:

Most effective activity sheets are:

Least effective activity sheet:

How effective was the poster
in motivating students?:

How effective was the "Race for the
Rainforest" game in providing
science content and

motivating students?:

Very effective = 12

Effective =1
Not effective =0

Very effective = 10
Effective =2
Not Effective =1

Photosynthesis Bingo
Photosynthesis Scramble
Solar Detective

Build a Plant

Habitat Hypothesis

Solar Detective (hard for students
without geography knowledge
Calorie Count (math confusing)

Very effective =5
Effective =6
Not effective =2

Very effective = 6
Effective =3
Not effective =0



6th

Background information:

Academic level of students:

% of students eligible for
School Lunch Frogram:

Class Demographics include:

I

valuations received

Average =6
Below average = 4
Above average =1

Ranged from 10 to 100%

Multicultural

Lower to middle class
Hispanic

Black

Overall response to the program:

Rate the program’s difficulty in relationship
to the students' ability and maturity:

How clear were the program's aims?:

Did the instructional activities address

stated aim?:

Rate program’s effectiveness in stimulating
students' interest in science:

How interesting was program to

your students?:

Highly effective = 1
Effective =8
Not effective =0

About right =8
Too difficult =1
Too easy =0

Very clear =3
Clear =6
Unclear =0
Very unclear =0

Yes =9
No=0

Excellent =5
Good =4
Fair=0
Poor =0

Very interesting = 4
Interesting =5
Uninteresting =0
Very uninteresting = 0



Average number of periods the program
was used:

Average # of lessons completed:
Average # of periods it would take to

implement entire program for students
of same ability:

Rate the student involvement that
the program involves:

The five most favorite activities are:

The least favorite activity was:

Does the program provide new
materials/approaches?:

Does program duplicate other programs?:

Which were new approaches?:

8 periods

9 lessons

25 periods @ 45 minutes

High involvement = 8
Moderate involvement = 5
Low students involvement = 0

The pyramid

The comic book
Photosynthesis Bingo
Food chains/webs
Rainforest Race

Habitat Survival Bag Game

Many new =5
Some new =4

Ecology program =1
(but "Voyage is more detailed)

Integration of physical science/
biology (9)

Use of games/simulations (8)

Holistic approach to energy/
ecology (7)

Application of concepts to
real-life (7)

Use of zoos to enhance
learning (5)

Use of experiments/research (5)

Hands-on activities (4)

Other: stucents role-playing

comic book characters (1)



Reasons why program fits
curricuium:
(most trequently cited comments)

Unexpected learning outcomes:
(most frequently cited comments)

What assessment tools were used?:
(most frequently cited comments)

# of teachers who attended training:

Rate the training session:

Would you like to use the program again?:

Reasons why all teachers would
use the program again:
(most frequently cited comments)

Teachers' guide instructions are:

Matches science cluster and
environment unit

Serves both instructional and
enrichment purposes

Easy to integrate with social
studies

Can be used to meet energy,
experimental and research
objectives

Information can be integrated

-with literature

High level of sophistication
achieved in application of math
skills in zoo activity

Students able to explain seasonal
change

Disciission with adults
demonstrated students' under-
standing

Pretest/Posttest which revealed
that students were learning

Students' notebooks

8

Very effective =5
Effective =3
Not effective = 0

Yes =9
No=0

Served as a high motivation for
learning
Keeps the kids' interest

Very clear =7



Teachers' guide background info is:

Rate teachers' guide:

How effective was the comic book
in providing science content and
motivating students?:

Rank comic book in relationship to
students’ abilities:

I v effective was the pyramid
in providing science content and
motivating students?:

How effective were the pla:t/animal
cards in providing science content and

motivating students?:

How effective were the activity sheets

in providing science content and
motivating students?:

Clear =2
Unclear =0
Very unclear =0

Very useful =8
Useful =1
Not useful =0
Useless =0

Very effective =7
Effective =1
Not effective =0

Very effective = 6
Effective =3
Not effective

About right =8

Difficult = 2
Easy =1
Too easy =0

Very difficult = 0

Very effective = 4
Effective =3
Not effective =1

Very effective =5
Effective =3
Not effective = 0

Very effective = 4
Effective =3
Not effective



Most effective activity sheets are:

Least effective activity sheet:

How effective was the poster
in motivating students?:

How effective was the "Race for the
Rainforest” game in providing science
content and motivating students?:

Photosynthesis Bingo
Photosynthesis Scramble

Zoo Calories
Build a Plant
Habitat Hypothesis

Solar Detective (hard for students
without geography knowledge
Calorie Count (math difficult)

Very effective =3
Effective =4
Not effective = 2

Very effective =3

Effective = 1
Not effective =0



APPENDIX E -

Name: Grade: Teacher:

VA
’DOE/E R757565—F

VOYAGE FROM THE SUN

Instructions: There are 30 multiple choice questions below. Please choose
the answers you think are best. Circle only one letter (a, b, c or d) for each

question.

D

2)

4)

Which of the following is a form of energy?

a. Light.

b. Heat.

c. Electricity.

d. Light, heat, and electricity are all forms of energy.

Which is the best definition of energy?

a. Energy is a force field around the Earth.
b. Energy is the ability to do work.
c. Energy is found only in living things.

d. Energy is impossible to see or feel.

Just about all c: the energy in living things on Earth starts

a. In th= sun.

b. In the ground.

c. In water.

d. Mone of the above.

Which is the best explanation of why we have seasons.

a. In summer the Earth is closer to the sun than in winter.

b. The Earth is tilted at an angle to the sun. During part of the
year sunlight hits places on Earth more directly than at other
times.

c. The Earth spins faster during some parts of the year.

d. The sun gives off less energy during part of the year.



6)

7)

8)

9

Photosynthesis is a process in which

a. Animals use sunlight to warm up their bodies.
b. Water is heated to its boiling point.

c. Plants use sunlight to make their own food.

d. Plants spread their seeds.

Which of the following is needed for photosynthesis?

a. Water (H0).

b. Sunlight. ,

c. Carbon dioxide gas (COy).
d. All of the above.

In most rainforests

a. Plants are found at different levels.
b. There are only tall trees.

c. All plants are the same height.

d. There is a cold season.

In the tundra

a. Itis too cold for plants to live.
b. For months the sun doesn't rise.
c. There are forests of tall trees.

d. There is very little wind.

When would you have the biggest need for a flashlight?

a. Stranded in the rainforest in summer.

b. Stranded in the rainforest in winter.
¢. Stranded in the tundra in summer.
d. Stranded in the tundra in winter.



10)

11)

12)

13)

14)

Leaves help a plant by

a. Absorbing sunlight.
b. Keeping out the rain.
c. Shading its roots.

d. None of the above.

A buttress root helps a tree

a. Support itself.

5. Protect itself.

c. Move from place to place.
d. Spread its seeds.

Herbivores are

a. Animals that live in the trees.

b. Plants that make their own food.
c. Animals that eat only animals.
d. Animals that eat only plants.

Which of the following is the best example of an omnivore?

a. Leopard.
b. Caribou
¢. Humar.
d. Tiger.

Which energy chain is in the right order?

plant -- sun -- wolf -- caribou
wolf -- plant -- sun— caribou

sun -- plant -- caribou -- wolf
caribou -- wolf -- plant -- sun

po o



15)

16)

17)

18)

19)

When an animal becomes extinct

a. It will never be seen again.

b. All of the animals in its food web can be harmed.
c. The "balance of nature” is upset.

d. All of the above.

Which of the following would be found on the top level of an
Energy Pyramid?

a. A herbivore.

b. A carnivore.

¢. The sun.

d. All of the above.

Which of the following statements best describes the tundra?

a. There are usually more caribou than wolves.

b. There are usually more wolves than caribou.

c. There are the same number of wolves and caribou.
d. There are no wolves or caribou.

Which of the fellowing is a "Producer™?

a. A dandelion.
b. A caribou.

c. A wolf.

d. A weasel.

A Calorie is

a. A sweet-tasting ingredien* in many foods.
b. Equal to one pound.
c. A measure of the energy contained in food.

d. None of the above.



20) You can demonstrate one Calorie by

a. Jumping up and down for 10 minutes in hot weather.

b. Cooling water until it freezes.

c. Running the length of a football field against the wind.

d. Heating a kilogram of water to raise its temperature 1 degree
Centigrade.

21)  An animal needs extra Calories when it is

a. Old and sick.

b. Growing or pregnant.

c. Hibernating or sleer ng.
d. None of the above.

22) In general, a reptile needs

a. More Calories than a mammal, but fewer than a bird.
b. The same number of Calories as a bird or a mammal.
¢. Fewer Calories than a bird or a mammal.

d. More Calories than a bird, but fewer than a mammal.

23) Fossil fuels are

a. The remains of plants that lived millions of years ago.

b. Fuels that were used by humans thousands of years ago.
c. Of little use to humans.

d. None of the above.

24)  Which of the following are fossil fuels?

a. Oil
b. Coal.
c. Gas.

d. All of the above.



25)

26)

27)

28)

29)

Fossil fuels

a. Will be around forever.

b. Will run out some day.

c. Do not harm the environment.

d. Are not used in the United States.

Which of the following doesn't destroy natural habitats and
harm wildlife?

a. Mining.

t. Logging.

c. Hiking.

d. Cattle grazing.

To save energy, it makes sense to develop clean and renewable
sources of energy such as

a. Horse power.
b. Insulation.

c. Wind power.
d. Wood stoves.

The First Law of Energy states that

a. Energy is always running out.

b. Energy can change form and be broken up, but it can never
be destroyed.

c¢. Energy always flows from a cold object to a ot object.

d. Energy never changes form and can easily be destroyed.

The most important reason why humans today are using more
energy than ever is because

a. There is less energy to go around.

b. The human population is larger than ever.

c. Humans spend more time indoors than they used to.
d. None of the above.



30)  Which of the following is the least useful way for a family to
cut down on the amount of energy it uses.

a. Drive less.

b. Use less heat indoors.

¢. Become vegetarians.

d. Turn off lights when leaving a room.
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