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45 Goldfish Features

In this acitlvity‘ “ Students observe the colors and physical features of goldfish.

Objectives  To observe and describe the diversity in coloration that can exist within a species.
To observe and describe the features of goldfish and to compare them to other fish.

=
~ Materials  For each student:

1 Activity Page

1 cup, clear plastic, 9-02™

1 flashlight (shared with classmate)

~ *1 goldfish*™
1 Journal Page
1 magnifier

 teacher supplied | * markers, crayons, or colored pencils

For the class:
*aquarium filter 1 fish net
*aquarium gravel *fish, other kinds
*aquarium plants (optional)™

*aquarium pump *water, aged™
6 containers,
6-L, with lids

1 btl fish food

Advance Preparation™

1. See the Living Materials section at the front of
this Teacher’s Guide for information on obtaining
and maintaining goldfish. You will need about 40
feeder goldfish and a bunch or two of water plants
such as hornwort or anacharis.

2. Fill each cup most of the way with water from a
container. Use the net to put one fish into each
cup. You may choose to have students do this.

3. If possible, arrange for students to observe other
kinds of live fish for comparison with the goldfish.
Any existing aquarium in the school is fine for this
purpose.

Background Information
Background Information for Activities 46, 47, 48, and
49 also applies to this activity.

In this activity, students observe the color, shape,
features, and general behavior of goldfish. Feeder
goldfish display many of the typical fish features
students may have observed in other fish—seven fins,
streamlined body, gills, and scales.

Teaching Suggestions

1. Give each student materials for Try This: 1 gold-
fish in clear plastic cup of water, 1 magnifier, and
markers, crayons, or colored pencils. Make addi-
tional materials available for the class to share and
to use in Explore!

2. Let students observe their goldfish briefly.

3. Ask students to determine and note the most
obvious color on their goldfish. Invite them to use
the flashlight and magnifier in order to find other
colors on their fish.

4. Invite students to study the shape of the mouth,
both open and closed.

5. Have students study the size, shape, colors, and
location of the eyes.
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6. Ask your students to observe the gill slits, which
are located behind and below the eyes. Suggest
that they watch them before describing their
observations.

7. Help students as needed to locate and describe the
seven fins. Students probably will be able to see
through at least some fins.

8. Clarify the difference between the shape of the
individual scales and the paztern that the scales as
a whole make.

9. After students have made their observations, let
them create and label a larger-than-life, detailed
pencil sketch of their goldfish on their Journal
Page. Remind them to observe the fish as they
sketch it and to color the sketch to match #heir fish.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. What color is most common in these goldfish?
What other colors are common? Does any color
only appear as spots? Is there any pattern to where
the darker and lighter colors appear on each fish?

2. Why do you think the fish’s mouth is always
moving? Why do you think its gill slits are always
moving?

3. How is the goldfish like other live fish you have
seen? How is it different?

Results Ty This: Common colors include orange, gold, red,
white, brown, and greenish-brown. Other colors include, but
are not limited to, silver, purple, blue, gray, red, yellow, and
black. Scales are smaller on the top of the head and just
before the tail fin.

Explorations in Life Science
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LU ER Goldfish Features

Individual

Focus Question TS goldfish? What are its features?

(CCANEWA Youu need 1 goldfish in a clear plastic cup of water, 1 magnifier, 1 flashlight

(shared), and markers, crayons, or colored pencils.

Record the Focus Question at the top of your Journal Page.

m 1. Watch your fish swimming for a few moments.

2. What color is your goldfish, mostly? Note this on your Journal Page.

3. Shine the flashlight on your fish. Use the magnifier to look at it. On
your Journal Page, list every color you see on your goldfish.

4.Look at the mouth. What shape is it? Is it
open, closed, or moving?

5.Study the eyes. Look at their shape, size,
and colors. Note where they are on the fish.

6.Find the gill slits. They are behind and
below the eyes. Watch them open and
close. On your Journal Page, describe their
shape. Tell how they move.

7.Your fish has seven fins. Find them all.
Watch them move. Shine the light on
them. Can you see through any of them?
Describe the fins on your Journal Page.

8.Look at the scales. Notice the shape and pattern of the scales.

9. Use your pencil to draw a large sketch of your goldfish. Show every
detail that you can see. Label the parts.

10. Use colored pencils, markers, or crayons to show how your goldfish

is colored.

[BOllI(] [nvestigate one or more of these activities, using the materials.

a. Darken the room. Shine a flashlight on your fish. Do you see the
same colors or different colors than you did before?

b. Look at the scales on the fish. Use the magnifier. Are the scales all the

same size? If not, where are they larger? Where are they smaller?

c. Look at the colors on three or four more goldfish. How many
different colors do you find? What colors are most common?

d. Look at three or four fish. Where are most fish darker in color?
Where are most fish lighter in color?

Explorations in Life Science
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46 Fish Eyes

In this activity ' Students test a goldfish’s eyesight.

- Objectives ' To conduct a test of a fish’s eyesight.

To identify variables that may affect the outcome of an experiment.

1l
: | Foreach student: For the class:
~ Materials 1 Activity Page 1 Journal Page fish food
= 1 cup, clear plastic, 9-07"* 1 magnifier fish net
“reacher supplied - *1 goldfish™ *water * mirrors
Advance Preparation* 4. Call students’ attention to the illustration on the

1. See the Living Materials section at the front of
this Teacher’s Guide for information on obtaining
and maintaining goldfish.

2. Avoid feeding fish for at least 8 hours before this
activity.

3. Fill each cup most of the way with water from a
goldfish container. Use the net to put one fish into
each cup. You may choose to have students do this.

Background Information
Background Information for Activities 45, 47, 48, and
49 also applies to this activity.

Goldfish eyes are round and generally light-colored
with a black or dark pupil. The eyes bulge and, as in
all fish, lack eyelids. The eyes are located on the
upper half of the head, one on either side. Each eye
sees and moves independently, and the fish’s overall
range of vision is nearly circular. Their near-distance
vision is good.

Goldfish have no eardrums and no middle ear. They
are equipped with a lateral line, a sensory organ made
up of a group of nerve cells along both sides of the
body. These sensors can detect waves of pressure and
feel changes in ncarby water pressure caused by rocks,
other fish, and the movement of other animals. They
pick up sounds and vibrations with this lateral line.

Teaching Suggestions

1. Give each student materials for Try This: 1 gold-
fish in a clear plastic cup of water, 1 magnifier, a
few flakes of fish food. Make additional materials
available for the class to share and for students to |
use for Explore!

2. Instruct your students to use the magnifier to study
the goldfish, particularly its eyes. As the fish swims
in the cup, ask them to note whether it can move
its eyes without moving its body. Remind them to
record their observations on their Journal Pages.

3. Ask students to place a tiny flake of fish food on
the water in front of the fish. Let them watch
what the fish does and how quickly it does it.
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Activity Page. Point out that each numbered posi-
tion stands for a place on the water compared to
the fish (in front, nearly in front to the right, to
the right, nearly behind to the right, and so forth),
rather than an actual labeled place in the cup.

5. Tnvite students to test the fish’s vision by placing a
tiny flake of food at each position, in turn.
Remind them to watch the fish’s eyes and its
mouth, and to notice how quickly the fish seems
to find the food in each position, compared with
other positions.

6. Encourage students to join with a classmate to test
whether their fish can see each other through the
cups. Challenge them to record evidence that leads
them to their conclusions.

7. Remind students to write their conclusions about
their goldfish’s eyesight on their Journal Pages.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. At which positions did the fish see the food most
quickly? Were these the same positions for all fish?

2. How do you think the shape of the goldfish’s eycs
help it to see? How do you think the location of
the eyes helps?

3. Can the goldfish move its eyes without moving its
whole body? How might this help it to see?

4. Do you think it is better to do this test when a
fish is hungry or when it is full> How might
hunger affect what the goldfish does? Explain.

5. How far do you think a goldfish can see? What
kind of experiments could you do to test how far a
fish can see?

Results Try This: Most goldfish respond quickly to food
placed in the front and side positions. Some goldfish respond
more slowly or not at all to positions behind or nearly behind
themselves. They usually can see each other, unless reflections
interfere from the fish’s point of view.

Explorations in Life Science
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Activity 46 Ja5:9308 Individual
IRV MOITESa oYl How well does your goldfish see?

Get Ready PRIV goldfish in a clear plastic cup of water, 1 magnifier, and a few
Slakes of fish  food.

Record the Focus Question at the top of your Journal Page.

m 1. Use the magnifier to study your goldfish. Look at its eyes. Notice

their size and shape. Can the fish move its eyes without moving its
body? Record your observations.

2. Place a tiny flake of food in front of the fish
(where number 1 is in the picture). Watch what
the fish does. Observe its mouth as it eats.
Describe the fish’s reaction to the food.

3. Place a tiny flake of food where number 2 is in
the picture. Watch the fish’s eyes and mouth.
Record your observations.

4. Place a tiny flake of food at each place (3-8)
shown in the picture, one place at a time. Watch
the fish ecach time. Record what the fish does for
each position.

1 to photocopy for classroom use.

5. Put your cup next to a classmate’s cup. Watch the two fish. Do you
think they can see each other? Record your observations and ideas on
your Journal Page.

6. On your Journal Page, write whether you think your goldfish sees well
or poorly. Describe which of the fish’s actions makes you think this.

2] Investigate one or more of these activities, using the materials.

a. Test another goldfish’s eyesight using food. Compare the results with
the first fish. What reasons other than eyesight might make the fish
act differently this time?

)
=
~
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b. Repeat the test. This time, poke the water at each position when you
place the food. Does the fish find the food faster or slower than before?

c. How well can your fish see below itself? Design a test to find out.
d. Think of a way to train a fish to come to a certain place for its food.

e. Can your fish see a cup in its path when the cup is sunk in the
aquarium? Think of a way to find out. Record your observations.

f.Hold a small mirror up to the side of the aquarium. Observe the fish.
Do you think it can see itself in the mirror>

Explorations in Life Science 99
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47 Fishy Figures

In this activity | Students calculate how often goldfish take in and eject water.

Objectives To employ math concepts of time, rate, and multiplication in making science observations.
- To observe and describe the actions involved as a fish takes in oxygen.

‘Materials  For each student: For each team of fwo: For the class:
| 1 Activity Page 1 cup, clear plastic, 9-07*  *1 clock (or watches) that times seconds

#1 calculator (optional) ~ *1 goldfish™
“reacher supplied 1 Journal Page 1 magnifier

1 fish net

* water, aquarium

Advance Preparation™

1. See the Living Materials section at the front of
this Teacher’s Guide for information on setting up
aquariums and purchasing goldfish.

2. Fill 15 cups most of the way with aquarium water
and put one fish in each cup.

3. Depending on your students’ grade and skill level,
review or introduce two- and three-digit multipli-
cation, or demonstrate how to use the calculators.

Background Information
Background Information on Activities 45, 46, 48, and
49 also applies to this activity.

Goldfish open their mouths frequently to suck in
water. The water washes over the feather-like gills at
the backs of their mouths, and the gills extract oxygen
from the water. The water exits through the gill slits.
The fish pumps water continually through the mouth
past the gills, exposing them to a fresh supply of
oxygen at all times.

The gills can be glimpsed beneath the gill slits. The
gill slits are located on each side of the head. The gills
release carbon dioxide to the water as they absorb
oxygen from it.

The amount of water in the cup, its quality, and the
time the fish has been in the cup will all affect results.
Wiater that has had no acration makes the fish suck in
more water per minute to get the necessary oxygen,
much as a person in a stuffy room takes more breaths.

Teaching Suggestions

1. This activity can be done individually if you have
enough goldfish. However, many students find the
counting easier with a partner.

2. Give each team of students materials for Try This:
1 goldfish in a clear plastic cup of water, 1 magni-
fier, 1 watch or clock, 2 calculators (optional).
Make additional materials available for the class to
share and to use for Explore!

3. Ask students to study the fish’s mouth. Explain
that a fish takes in water through its mouth. Its
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gills release carbon dioxide to the water and filter
oxygen from it.

4. With a student volunteer, demonstrate how to
time 1 minute while the partner counts the
number of times the goldfish opens its mouth.

5. Remind students to find the number of times the
fish opens its mouth in 1 minute and 1 day.
Return the fish to the aquarium temporarily if
they look sluggish.

6. Direct students to study the gill slits on each side
of the goldfish’s body. Explain that they can see
the red gills beneath the flaps when they open.
Point out that water leaves through these slits each
time they open.

7. Urge students to predict how many times the gill
slits open in 1 minute before they do their counts.

8. Have students time and count how often the gill
slits open in 1 minute, as they did for the mouth.

9. Remind students to find the number of times the
gill slits open in 1 hour and in 1 day.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. In 1 minute, do the fish open their gill slits the
same number of times that they open their
mouths? Is this true for all fish in the class?

2. How do you think the water in the cup changes
the longer the fish is in it? Hint: What is the fish
taking from the water? Do you think this would
change how often the fish takes in water?

3. Do you think a different kind of fish would open
its mouth or gill covers the same number of times
as a goldfish? Give reasons for your answer.

Results Try This: Student calculations will vary widely with
individual goldfish. A fish may open the gill covers more
often than it sucks in water. Generally, the mouth opens
70-140 times per minute, with 100 being typical. The gill
slits open 80160 times per minute, with 120 being typical.

Explorations in Life Science
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L i\" 1\ ¥4 Fishy Figures Team Partners
How often does a goldfish take in water?

Get Ready R P goldfish in a clear plastic cup of water, 1 magnifier, 1 watch or

clock, and a calculator (optional).

Record the Focus Question at the top of your Journal Page.

ml. Study the fish’s mouth. A fish takes in water through its mouth. Its

gills take oxygen from the water. Its gills also give off carbon dioxide.

2. With your partner, count how many times the goldfish takes in water in
1 minute. One partner uses a watch or clock to time 1 minute. The other
counts how many times the fish’s mouth opens. Record your count.

3. Multiply your answer by 60. This gives you the number of times the
fish takes in water in 1 hour.

4. Multiply that answer by 24. This gives you the number of times the
fish takes in water in 1 day.

5. Study the gill slits. They are on each side of the goldfish’s body. The
water passes out through the gill slits. Look for the red gills under the
covers. Use the magnifier to observe the gills.

, Inc. Permission granted to purchaser to photocopy for classroom use.

6. Every time the gill slits open, water leaves the gills. Do you think the gill
slits open the same number of times as the mouth, morc times, or fewer
times, in 1 minute? Write your prediction on your Journal Page.

©1997 Delta Edy

7. With your partner, count how many times the gill slits open in
1 minute. Record your count.

8. Multiply your count by 60. This gives you the number of times the
gill slits open in 1 hour. Then find the number of times the gill slits

open in 1 day.

1D G)IEN Investigate one or both of these activities, using the materials.

a. Trade fish with another team and do the activity again. Compare the
i counts that both teams find for both fish.

b. Repeat the activity with a fish that is still in the aquarium. Compare
the counts for this fish with those of the fish in the cup.

i i 101
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A8 Hailstones and Halibut Bones

| In this activity | Students study goldfish fins and their role in its locomotion.

Objective = To describe how the adaptations of the goldfish suits its environment.

Materials  For each student:
1 Activity Page
1 cup, clear plastic, 9-0z""
~ *1 goldfish™
1 Journal Page

. “teachersupplied 1 magnifier

*book, Hailstones and Halibut Bones

For the class:
*rulers

by Mary O’Neill

*water, aquarium

*clock or watches that time seconds

fish food
fish net

Advance Preparation™

1. See the Living Materials section for information
on obtaining and maintaining goldfish.

2. Fill 30 cups most of the way with aquarium water.
Use the net to put a fish in each cup.

Background Information
Background Information on Activities 45, 46, 47, and
49 also applies to this Activity.

The goldfish has seven rather large fins. They help
the fish steer and propel itself through the water.

The dorsal fin on the back of the fish has almost the
shape of a right triangle. It functions as a rudder to
keep the fish upright. A drooping or floppy dorsal fin
is a good indication that the fish is not well. A sick
fish usually is unable to swim well or to retain balance.

The caudal or tail fin is forked. As the fish swims, the
tail fin pushes water backwards, first on one side and
then on the other. This pattern results in an undu-
lating motion that pushes the fish forward. The ana/
fin is on the lower body toward the rear. Like the
dorsal fin, the anal fin acts as a rudder, controlling
movement and steering.

The pair of pelvic fins, located on the lower middle of
the body, can move independently of each other. They
help provide both forward movement and direction-
ality. A pair of pectoral fins, near the head and behind
the gill slits, also can move independently. They are
used for steering, maneuvering and, to some extent,
forward propulsion.

The lateral line is a line of cells that senses movement
and vibration. It also helps the fish maintain balance.
The lateral line runs the length of the fish on both
sides of the body, and looks like fine stitching.

Teaching Suggestions
1. You may choose to do this activity at the aquarium

centers, so students can better observe the fish
swimming.
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2. Give each student materials for 7ry This: 1 gold-
fish in a clear plastic cup of water and 1 magnifier.
Make additional materials available for the class to
share and for students to usc for Explore!

3. First, invite your students to observe the fish swim-
ming and at rest. Ask them to notice which fins
are in motion during each activity.

4. Next, have students focus in on the caudal (tail)
fin. They should note its size relative to the other
fins, its shape, and the way that it moves.

5. Ask students to study the dorsal fin. Invite them
to observe the movement of a fish with a
standing-up fin and one with a flopped-over fin, if
possible. What do they think this fin does for the
fish, based on their observations?

6. Ask students to watch the anal fin underneath the
goldfish near the tail.

7. Direct students to study the pair of pelvic fins near
the middle of the body. Encourage them to watch
each fin to find out whether they move together or
on their own, as well as their function.

8. Encourage your students to study the pair of
pectoral fins near the gill covers.

9. Read aloud to the class the poem: “What Is
Gold?” from Hailstones and Halibut Bones.

Think It Over

After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. Which fins are used to move the fish? Which
balance it? Which steer it?

2. What do you think would happen to a goldfish if
its caudal fin was damaged?

3. Have you ever seen a goldfish with a floppy or
drooping dorsal fin> How does it move and act?

4. How would a goldfish be handicapped if it had no
pectoral or pelvic fins?

Results Explore!: Goldfish can swim 30 centimeters in
about 23 seconds

Explorations in Life Science
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LU RY Hailstones and Halibut Bones Individual

SRRSO How does a goldfish move?

\CEMNETWA ailstones and Halibut Bones by Mary O’Neill is a collection of poems
about colors. The poems are so vivid that you can almost see the
flickering goldfish, hear the black thunderstorm, taste the brown
gingerbread, smell the green spring breeze, and touch the blue snow at
night. Read the poetry and imagine the colors filling your mind.

You need 1 goldfish in a clear Plastic cup of water and 1 magnifier.

Record the Focus Question at the top of your Journal Page.

m. First, watch your goldfish while it is swimming. Then watch it while

itis holding still. Note which fins it uses for each activity.

2.Look at the fish’s caudal (tail) fin. Notice its shape. Watch how it
moves. Is there a pattern in the way it moves? What do you think the
caudal fin does for the fish? On your Journal Page, draw and describe
how the caudal fin moves. Write your ideas about this fin’s purpose.

3. Study the dorsal fin on the back of the
dorsal fin goldfish. Notice its shape. Is it standing up or
flopped over? Describe and draw the dorsal fin

and the way it moves. How does it seem to

help the goldfish?

4. Look for the anal fin. Watch this fin as the fish
moves. Describe and draw the anal fin. Record
your ideas about what it does for the fish.

tion, Inc. Permission granted to purchaser to photocopy for classroom use.

5. Study the two pelvic fins near the middle of
the body. When do they move? Do they move
together, or separately? Describe and draw

pelvic fins how and when they move.

pectoral fins

9
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6. Study the two pectoral fins near the gill covers.
Describe and draw how and when they move.

WVesﬁgate one or more of these activities, using the materials.

a. Place some food on your cup of water. Watch how the fish uses each
of its fins to swim.

b. Return the goldfish to the aquarium. Place some food on the water
30 centimeters away from the fish. Time how long it takes the fish to
swim 30 centimeters.

¢. Do you think a goldfish moves its fins while it sleeps? If not, what
does it do? Write your guess. Then think of a way to test it.

Explorations in Life Science 103
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49 Goldfish History

In this activity " Students construct a time line showing the development of fancy goldfish.

Objectives ‘ To recognize variations that occur within a specics.

To relate human intervention and selective breeding to changes in a species.

‘Materials J For each student:

For the class:
. 1 Activity Page 1 magnifier fish net
- 1 cup, clear plastic, 9-0z *1 sht paper, 11 x 17 in. or larger *goldfish, fancy™ (optional)
* glue or clear tape *1 ruler * reference books

1 . "1 goldfish™
| *teacher supplied 1 Journal Page

*1 pair scissors
1 world map, outline

*world map, wall or
individual

Advance Preparation™
Obtaining Goldfish Sce the Living Materials

section for information on caring for goldfish.

1. If feasible, obtain one each of several fancy gold-
fish varicties. Place one fancy goldfish into each
classroom aquarium.

2. Fill 30 cups most of the way with water from an
aquarium. Put a feeder fish in each cup.

Background Information

Fish were kept as pets and bred for centuries in
several ancient civilizations, including ancient Rome
and China. Goldfish are a kind of fish called carp.
Carp are naturally greenish-brown or gray, but the
species frequently produces variations. By 400 A.D.,
fish breeders in China had observed a wild carp
species variation with red scales. By 1200, goldfish
had become a popular pet in China. Breeders had
developed goldfish varieties with red, silver, black,
gold, and mottled or spotted colors. By 1500, goldfish
had been introduced into Japan. By at least 1590,
Fantails and Veiltails had been bred in China.

By 1700, fish lacking dorsal fins were observed in
China. Also by this time, Japanese goldfish enthusi-
asts had bred varieties such as the Lionhead, with an
enlarged head, and the Calico, with its transparent

scales. The hobby of goldfish breeding was introduced

into Great Britain by the early 1700s.

The first known United States goldfish farm was
established around 1880 in Frederick, Maryland. The
Comet variety of goldfish was developed in the
United States about 1885. Goldfish may have been in
the country many years earlier.

Teaching Suggestions

1. Give each student materials for Zry This: 1 gold-
fish in a clear plastic cup of water, 1 magnifier,
1 ruler, 1 large sheet of paper, gluc or clear tape.
Make additional materials available for the class
to share and for students to use for Explore!
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2. Tnstruct students to compare their goldfish to each
variety illustrated on the Activity Page and to any
live ones. Remind them to return their goldfish to
their aquariums as soon as they are finished.

3. On their Journal Pages, have students list each
kind of goldfish shown. Then have them list what
is alike and what is different about their fish and
the other varieties.

4. Discuss with students what a fish in the wild
needs in order to survive (move quickly to avoid
predators, find food). Ask students to write a para-
graph describing which goldfish varicties could
survive best on their own, and why.

5. Have students cut out the dates, information, and
pictures shown. Have them arrange the dates and
pictures in order, and paste them down.

6. Provide students with references to help locate
China, Japan, Great Britain, and the United States
to add to their maps. Encourage them to add the
goldfish dates to their maps.

7. Encourage students to use references to add 10
more historical events to their time lines.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. Why would a red or orange goldfish be unusual in
nature? What disadvantage would this fish have
compared with dull-colored fish?

2. Think of some reasons why people want to breed
animals and plants to have certain shapes, colors,
or other characteristics.

Results 7ry This: Most feeder goldfish are the common
variety. Fancy goldfish may have more trouble in the wild
because their bright coloring makes them more visible and
because their fins and body shape make them move more
slowly than common fish.

Explorations in Life Science
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Ve 1\ 13X 3] Goldfish History Individual
How long have people been raising new kinds of goldfish?
(S MEEWA You need 1 goldfish in a clear plastic cup of water, 1 magnifier, 1 large sheet -

of paper, 1 ruler, scissors, glue or tape, and a world map.

Record the Focus Question at the top of your Journal Page.

BN 1. Compare your goldfish to cach of the kinds of goldfish shown. Look
at body shape, number of fins, shape of fins, pattern, and shape of

head.

2.0n your Journal Page, list each kind of goldfish shown. Record which
kind of goldfish is in your cup. Then list what is alike and different
about each of the other kinds of goldfish.

3. Return your goldfish to its aquarium as soon as you are finished
studying it.

4.0On your Journal Page, write a paragraph describing which of the
goldfish you think could live most easily in the wild. Explain the

reasons for your answer.

5 Read the dates and other information shown here.

to purchaser to photocopy for classroom use.

6. Make a goldfish time line. First, cut out the dates and facts, along
with the goldfish pictures. N

© 1997 Delta Education, Inc. Perm
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Activity 49
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7. Next, put the dates and facts in order on your large sheet of paper.
Start with the earliest date and end with the latest date. When you
are sure you have them in order, glue or tape them in place. Put a title
on your time line.

8. Compare your map to a map in a book or on a wall. On your map,
label each country listed in your goldfish time line.

9.Find 10 events from history to add to your time line. Use
encyclopedias, history books, and almanacs to find the events. Events
can include discoveries, inventions, wars, the start of new countries,
or other historical events.

anestigate one or more of these activities, using the materials.

a. Use encyclopedias and other sources to create a time line for another
kind of animal raised by people, such as cows, horses, dogs, cats,
sheep, goats, chickens, or plants, such as oranges, corn, wheat, or
apples. Your time line needs to show when people first tamed the
animal or grew the plant. Also include important events in the
breeding or use of that animal or plant (such as the start of a new
variety, or a new job for the animal).

c. Permission granted to purchaser to photoco for classroom use.
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b. Compare a tame breed of animal with its wild relatives. For example,
compare a breed of pet dog with a wild dog. How are they alike?
How are they different? If both animals lived in the wild, what
advantages would the wild variety have over the pet?

c. Find one famous person who was alive at the time of each event on
your goldfish time line.
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50 Ladybug Likes

In this activity  Students ob

serve ladybug preferences for the amount of moisture in their environment.

Obj'ecﬁ\)es | To set up a controlled experiment for observing ladybug behavior.
- To observe and identify the degree of moisture ladybugs prefer to rest on.

. Materialé For each student: For each team of two: For the class:

| 1 Activity Page 1 cup, plastic, 102" flashlights
1 Journal Page 1 eye dropper *sawdust or wood shavings

*5 ladybugs™

*water

1 mealworm container, with lid

- *1 paper towel
*teacher supplied *1 pair scissors

Advance Preparation™

1. See the Living Materials section at the front of
this Teacher’s Guide for information on obtaining
and caring for ladybugs.

2. Fill fifteen 1-ounce cups with water.

Background Information
Background Information for Activities 51, 52, 53, 54,
and 55 also applies to this activity.

Tn this activity, students explore the level of moisture
that ladybugs prefer, but you may also find yourself
fielding questions on the colorful efytra. Ladybugs are
beetles, a group of insects that are characterized by
the presence of elytra, which are an adapted form of
the forewings. The hard, curved elytra provide
armored protection at rest and some lift and stability
in flight. They protect the long, thin, folded back
wings that move the insect through the air. The
bright coloring of the elytra signals predators that the
ladybug is not good to eat. An animal that tastes the
bitterness of a ladybug remembers the coloring and
usually stays away in the future.

Teaching Suggestions

1. Give each team of students materials for Try This:
5 ladybugs, 1 mealworm container with lid, 1 eye
dropper, 1 paper towel, 1 pair of scissors, and one
1-ounce cup of water. Make additional materials
available for the class to share and for Explore!

2. Instruct your students to cover the bottom of their
mealworm containers with 1 centimeter of
sawdust or wood shavings.

3. Have students cut and fold their paper towels as
described on the Activity Page. Depending on the
size of the paper towel, they may need to fold the
picces cither three or four times. It is important
that the paper towels not touch cach other while
in the container, so they will not absorb water
from each other.
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4. Have students label cach wad before adding water:
dry, damp, wet, soggy- A ballpoint pen works well
for doing this. Do not use a felt-tip marker.

5. Show students how to set the paper towel wad
labeled dry in the container, then how to moisten
the other wads, using the eye dropper. An eye
dropper holds about 1 milliliter.

6. As cach team finishes its preparations, provide
cach with five ladybugs from the main habitat.
Have them put the lid on the mealworm container
quickly but carefully, to avoid hurting any insects.

7. Caution students to lcave the container undis-
turbed. Remind them to observe the ladybugs
after an hour and again the next day. If students
have trouble finding all five ladybugs, suggest they
peek between folds of the towels.

8. Assist students as necessary in making charts to
show the level of moisture that their ladybugs like,
and to compare their results with classmates.

Think It Over
After students have tried the Explore! activitics, chal-
lenge them with these discussion questions.

1. Which towel or towels do most ladybugs choose
to rest on?> How moist is that towel?

2. Do most of the ladybugs spend their time in one
area of moistness or do they move around?

3. Why do you think that there is no water dish in
the classroom ladybug habitat? What do you
predict the ladybugs would do with a water dish?

4. Do ladybugs rest on different levels of moisture
when it is sunny and warm than when it is dark
and cool? How could you find out?

Results Try This: Most ladybugs prefer the damp towel,
although some settle on the wer or dry towel. They may
prefer the drier towel under cooler conditions and the
moister towel under warmer or sunny conditions. They tend
to avoid the soggy towel. There will be some variation.

Explorations in Life Science
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Activity 50 Ladybug Likes Team Partners

Focus Question [NiETIES| of moisture do ladybugs prefer?

)

Get Ready You need 5 ladybugs, 1 mealworm container with lid, sawdust or wood
shavings, 1 eye dropper, 1 paper towel, 1 scissors, and 1 small cup of water.

Record the Focus Question at the top of your Journal Page.

mate:dlwayx wash your hands after handling ladybugs.

1. Cover the bottom of your container with sawdust or wood shavings.

2.Cut the paper towel into four pieces of the same size.

3.Fold each piece of paper towel three or four times. All four folded
pieces need to fit in the container without touching each other.

4. Use a ballpoint pen or pencil to label the
towels dry, damp, wet, or 50ggy.

5. Place the dry paper towel in the container.

6. Use one dropper of water to wet the damp
paper towel. Place that wad of towel in the
container.

haser to photocopy for classroom use,

7. Use two droppers of water for the wez wad
of toweling. Place it in the container. Soak
the soggy wad of paper towel with three
droppers of water. Place that in the
container. Make sure the wads do not touch,

8. Put five ladybugs in the container. Quickly
and carefully put on the lid.

9. Observe the container after an hour. Record how
many ladybugs are on each towel, or if they are
crawling around. Observe them again the next day.
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10. Make a chart to show how many ladybugs liked
cach level of moisture: dry, damp, wet, or soggy.

11. Check with five of your classmates to see how many ladybugs are on
each of their towels. Add their results to your chart.

WVestigate one or both of these activities, using the materials.

a. Make a chart for the whole class showing ladybug moisture
preferences. Are there certain levels of moisture all ladybugs seem to
prefer? Are there any they avoid?

b. Design an experiment to find out if ladybugs prefer darkness or light.

Explorations in Life Science 109





image21.jpg
51 Ladybug Lifestyles

In this acﬁvity | Students discover what kind of habitat ladybugs prefer.

Objective = To observe the habitat preferences of ladybugs.

Materials For each student: For each team of two: For the class:
1 Activity Page 1 cup, plastic, 1-0z *clock
| 1 Journal Page 1 eye dropper *grass clippings
*5 ladybugs™ *Jeaves
1 magnifier * pebbles
= 1 mealworm container with lid * potting soil
| = = ] *1 pc sponge or paper towel™ *sand
: *sawdust
*twigs and bark
*water

*teacher supplied

*wood shavings

Advance Preparation®

1. See the Living Materials section at the front of
this Teacher’s Guide for information on obtaining
and maintaining ladybugs in the classroom.

2. Rinse out a new hand sponge. Cut it into 1-cm
cubes. You may use wads of paper towel instead.

Background Information
Background Information for Activities 50, 52, 53, 54,
and 55 also applies to this activity.

Adult ladybugs usually have about a four-week life
span during which they eat aphids voraciously and
mate, often on a plant leaf. The eggs are laid in bark
crevices and on the undersides of leaves near a source
of aphids. The female may lay up to 200 eggs about
one week after mating.

The larvae are purplish-black and decorated with
spots of red, blue, and black. They may cat 40-50
aphids at a sitting and as many as 500 aphids in a
day. They eat by crushing the aphids and sucking out
the juices. Ladybugs remain in the larval state for
about three weeks and go through three molts. At the
fourth molt, they pupate and remain in that stage for
about five days before they emerge as adults. Winter
hibernation extends the life span of adults.

Teaching Suggestions

1. Give each team of students materials for Try This:
5 ladybugs, 1 mealworm container with lid,
1 piece of sponge or paper towel, one 1-o0z cup of
water, 1 magnifier, and 1 eye dropper. Make addi-
tional materials available for the class to share and
for use in Explore!

2. Instruct students to choose any three of the available
materials to use in their ladybug habitats: sawdust,
wood shavings, leaves, potting soil, and sand.
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3. Point out to students the picture on the Activity
Page that shows how to arrange three kinds of
materials about 1 centimeter deep.

4. Show students how to use the eye dropper to wet
cach material with two eye droppers of water.

5. Provide each team with five ladybugs for each
habitat. Caution students that ladybugs escape
quickly, and they should put the lid on quickly.

6. Let students observe the ladybugs for a few
minutes before making observation charts.

7. Remind students to record the locations of the
ladybugs right away and again after an hour.

8. Provide several five-minute periods during this day
and the next for students to observe the ladybugs.

9. Show students how to place a small cube of
sponge or wad of paper towel on the ladybug's
preferred material and moisten it.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. How many teams have all of the ladybugs resting
in the same material? How many teams have lady-
bugs in more than one material?

2. Do all ladybugs in the class go to the same mate-
rials, given the same materials? What are the most
popular ladybug choices? Are there any materials
that no ladybugs choose?

3. Where outside do you predict you would find
ladybugs (on sand, plants, wood, or soil)? Which

observations support your prediction?

Results 7ry This: Most ladybugs prefer the leaf section of
the habitat although there are exceptions. Ladybugs within a
container usually stay together on one material while resting.

Explorations in Life Science
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Activity 51 Ladybug Lifestyles Team Partners

AEVEROUINITNY Which kind of habitat do ladybugs prefer?

Get Ready You need 5 lad_yﬁugs, 1 mealworm container with lid, 1 piece of sponge or
paper towel, 1 eye dropper, 1 small cup of water, 1 magnifier, 1 clock, and
any three of these materials: sawdust, wood shavings, leaves, potting soil,
and sand.

Record the Focus Question at the top of your Journal Page.

mNote:zﬂways wash your hands after band/ing /adybugx.

1. Choose three materials to use in a ladybug habitat.

2. Fill your container with the three materials, Keep cach
material separate, as shown. Pile each material about
1 centimeter high.

3. Wet each material with two eye droppers full of water
(about 2 milliliters).

4. Place five ladybugs in your habitat. Put the lid on quickly
and carefully. Watch what they do for five minutes.

er to photocopy for classroom s,

5. Make a chart on your Journal Page. Make columns for
time, location of ladybugs, and otker observations. Record
your observations from step 4.

6. Leave the habitat alone for an hour or more. Then observe how many
ladybugs are in each part of the habitat. Record your observations again.

7.Observe the habitat several times today and next class. Each time
record how many ladybugs are in each part.

8. Get a small cube of sponge or wad of paper towel. Put it on the
material that most ladybugs like best.
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9. Use the eye dropper to dampen the sponge or towel with 1-2 milliliters
of water.

wmvesﬁgate one or more of these activities, using the materials.

a. Compare your results with other teams. Do two groups of ladybugs
have different favorite materials? Make up a habitat with the two
favorite materials, plus one more. Add five ladybugs. Which material
do the ladybugs in this new habitat choose?

b. Add a small piece of bark, grass clippings, a few pebbles, or twigs.
What do ladybugs do with these materials?

¢. Do the ladybugs change where they rest after the sponge or towel is
added? Does it make a difference if the sponge is wet or dry?

Explorations in Life Science TEl
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52 Ladybug Features

“In this a(ftivibty' . Students examine the physical features of ladybugs.

Objectiiles . To observe the physical features of ladybugs.

To describe how the ladybug uses its features.

Materials  For each student:
1 Activity Page
1 bug box or clear plastic 9-o0z cup

*teacher supplied 1 Journal Page

*1 ladybug™
1 magnifier or bug box

Advance Preparation®™

See the Living Materials section at the front of this
Teacher’s Guide for information on obtaining and
maintaining ladybugs in the classroom.

Background Information
Background Information for Activities 50, 51, 53, 54,
and 55 also applies to this activity.

The ladybug’s head features a pair of clubbed
antennae that are used for touch and to identify
smells, such as the odor of members of the same
species. There are two large compound eyes made up
of multiple lenses. The ladybug’s two sets of jaws are
used for holding and eating food, which consists
primarily of aphids and other soft, small insects. A
short pair of clubbed palps also are visible near the
mouth. The palps are used for tasting.

One pair of jointed, hairy legs is connected to each of
the three thoracic segments. The feet have claws,
which are clearly visible with the 8-power lens. The
abdomen has four nearly equal segments and one
truncated, triangular end segment. This last segment
includes the female ovipositor, used for laying eggs.
The ovipositor usually is t00 small to see with the
magnifier.

Teaching Suggestions

1. Give each student materials for Try This:

1 ladybug, 1 bug box or clear plastic cup and
magnifier, and 1 ruler. Make additional materials
available for the class to share and for students to
use for Explore!

9. Ask students to examine the ladybugs using the
bug box or magnifier (with the ladybug in a plastic
cup). Students may need to remove the magnifier
from the bug box in order to focus it on the
ladybug. Capture any escaped ladybugs as
described in the Living Materials section.

3. Assist students as needed as they follow the guide-
lines for observing the ladybug on the Activity Page.

4. Students may try to lift the elytra using the tip of
a finger or the point of a pencil to observe the
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hind wings underneath, but this can be difficult.
Active ladybugs usually raise the elytra regularly.
Students can make a ladybug active by blowing
warm air on it.

5. Help students differentiate among the antennac,
palps, and jaws of the ladybug. The 8-power lens
in the magnifier will show the details best.

6. Encourage students to make a complete sketch of
the insect, as well as separate sketches showing
details of individual body parts on the Journal Pages.

7. Demonstrate how to observe the ladybug’s under-
side by holding up the cup or bug box. Some
students may avoid getting a stiff neck by turning
the cup or box over on top of the ladybug, and
letting it climb to the inverted bottom.

8. Remind students to complete their drawings and
record their observations on their Journal Pages.
Encourage them to try the Explore! activities,
which focus on the functions of ladybug features.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. What behaviors make the ladybug difficult to
observe? What behaviors make it easy to observe?

2. Which parts of the ladybug move as it crawls
around in the cup? What do each of these parts do
for the ladybug as it moves?

3. How many different jobs do you think the elytra
do for the ladybug?

4. How would having two sets of jaws help a
ladybug? Hint: how does the ladybug hold its food?

Results Try This: Ladybug size ranges from about

5-9 millimeters. They touch the palps and antennae to
surfaces. The hind wings fold up under the elytra. The elytra
protect the wings, provide lift during flight, and help protect
the ladybug from predators. Explore!: Ladybugs use their
hind wings to right themselves when they are turned over.
They tap each other with the palps and antennac; they sense
each other’s scent this way.

Explorations in Life Science
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WP Ladybug Features Individual

RITROUIESITONY What physical features do ladybugs have, and how are they used?

)

Get Ready ROV ladybug, 1 bug box or 1 clear Pplastic cup, 1 ruler, and 1 magnifier.
Record the Focus Question at the top of your Journal Page.

Note:Always wash your hands after handling ladybugs.

1. Examine your ladybug in a bug box or cup. Keep the ladybug in its
cup. Turn the cup over, put your hand over it, or gently tap the
ladybug to keep it in.

bind wings 2. Measure your ladybug in millimeters. Use a ruler
or the scale on the bug box. On your Journal

Page, draw the three parts of the ladybug’s body.

3.Find the brightly colored fore wings, called the
elytra. When the ladybug lifts the elytra, look at
the thin hind wings underneath. Which are
longer, the elytra or the hind wings? How do the
hind wings fit under the elytra?

abdomen 4, Add the hind wings to your sketch. Draw the
thorax patterns on the elytra.

5. Look at the ladybug’s head with the magnifier.
Find the antennae on top of the head and the
palps near the mouth. What does the ladybug do

legs with the antennae and palps as it crawls? Record

your observations.

6. Examine the mouth and eyes with the magnifier. How many jaws
does the mouth have? Add the antennae, palps, eyes, and mouth to
your sketch.

©1997 Delta Education, Tne. Permission granted to purchaser to photocopy for ¢

7. Look through the cup or bug box at the ladybug’s underside. Count
the number of segments in the back part of its body (the abdomen).

8. Where are the legs connected to the ladybug’s body? Count the legs.
Look for hairs on them. Look at the feet. Watch the ladybug crawl.
Add the legs and fect to your sketch. Describe your observations.

IDIOIEN Investigate one or more of these activities, using the materials.

a. Turn the ladybug over with a blunt pencil. What parts of its body
P does the ladybug use to turn back again?

b. Put two ladybugs together. How do the ladybugs use their antennae and
palps when they meet> What do you think they are finding out this way?

Explorations in Life Science 113
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53 Playing Possum

In this activity Students elicit defensive responses from a ladybug and observe how the defenses protect it.

Objedives To test the defensive structures and behaviors of ladybugs.

| To observe and describe the reaction of ladybugs to some stimuli.

 Materials = For each student:

. 1 Activity Page

1 bug box or clear plastic 9-0z cup
1 cup, plastic, 1-0z™

*teacher supplied 1 eye dropper

For the class:
1 Journal Page * chalk dust
*1 ladybug™ flashlights
1 magnifier or bug box *water

Advance Preparation™

1. See the Living Materials section for information
on obtaining and caring for ladybugs.

2. Fill thirty 1-ounce cups with water.

Background Information
Background Information for Activities 50, 51, 52, 54,
and 55 also applies to this activity.

Ladybugs have a variety of behaviors and features to
defend themselves against predators. The curved
design of the elytra makes ladybugs difficult to pick
up, especially when they hunch up within it. They
“play possum” (feign death) as a defense against
predators. They may react in this way to being
touched, picked up, or disturbed in other ways. Their
red, yellow, and orange colors are a natural warning to
predators not to eat them; in nature, these colors
usually signify that an organism tastes bad.

Ladybugs leak an orange fluid from the legs while
lying immobile on the back. This fluid, which is their
blood, is bitter-tasting to predators. Leaking of
orange blood happens only occasionally in class.

Teaching Suggestions
1. Give cach student materials for Try This:
1 ladybug, 1 bug box or clear plastic cup and
magnifier, 1 eye dropper, chalk dust, and 1 small
cup of water. Make additional materials available
for the class to share and to use for Explore!

2. Instruct your students to observe their ladybugs as
they move around in the cup or box.

3. Ask students to touch the beetle gently from
behind and note its reaction. Have them repeat
this action two more times and compare the
beetle’s reaction each time.

4. Suggest that students tap against the box or cup,
then blow a heavy stream of warm air on the beetle.
Make sure students keep their mouths far enough
away to prevent the insects from crawling in.

5. Remind students to describe and illustrate on their
Journal Page the beetle’s reaction to each action.
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6. Have students try to pick up the beetle and note
whether this is easy or difficult to do.

7. Encourage students to let the ladybug crawl on
their hands. When the ladybug is in their palms,
they can shine a flashlight on it and observe its
response.

8. Provide students with chalk dust and water to test
the ladybug’s reaction to being dirty and wet.

9. Remind students to describe and illustrate the
ladybug’s reactions to each of these actions.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. What part of the ladybug’s body makes the
ladybug difficult to pick up? Would it be easy for a
predator, such as a bird or mouse, to pick it up?
Why or why not?

2. What does your ladybug do after you try to pick it
up? Do all ladybugs do this? How does this
behavior help a ladybug? Hint: Many predators can
only find food that is moving.

3. Does the ladybug scem to avoid the flashlight,
move toward it, or ignore it? How does the
ladybug’s reaction to the flashlight compare with
an carthworm’s or isopod’s? Why do you think the
ladybug’s reactions might be different from the
worm’s or isopod’s?

4. Why would it be important for the ladybug to
clean itsclf off when it is wet or dirty? How could
water or dirt put it at risk from predators?

Results 7y This: Individual ladybug reactions vary. Touching
the elytra usually causes a beetle to stop moving and some-
fimes to roll over and play dead. They may react to sound by
moving away, stopping, or ignoring it. Tnactive beetles quickly
become active in a flashlight beam or in a stream of warm air.
An active beetle generally ignores these stimuli. The ladybug
cleans itself with its front legs after being doused in water or
dirt of any kind, including chalk dust.

Explorations in Life Science




image26.jpg
©1997 Delta Education, Inc. Permission granted to purchaser to photocopy for classroom use

s \YOREY Playing Possum Individual

OIVNOUESINY How docs the ladybug protect itself?
Get REETWA You need 1 ladybug, 1 bug box or clear Plastic cup and magnifier, 1 eye

dropper, chalk dust, 1 ﬂasblngt (shared), and 1 small cup of water.

Record the Focus Question at the top of your Journal Page.

mNat&' Always wash Your hands after handling ladybugs.

1. Study your ladybug as it moves around in the cup or box.

2. Gently touch the beetle from behind. How does the beetle react?
Touch it again. Touch it a third time. Does its reaction change?

3. Tap against the box or cup to make a sound. What does the beetle do?

4. Blow a heavy stream of warm air on the beetle.

5.On your Journal Page, describe and illustrate the
beetle’s reaction to each of your actions.

6. Try to pick up the ladybug, Why is it hard to pick up? What happens
when you do pick it up?

7.Hold the ladybug in the palm of your hand. Let it walk on your
fingers. Shine a flashlight on your ladybug. Describe its reactions.

8. Sprinkle some chalk dust on the ladybug. Watch it for a few minutes.
Then place a few drops of water on it.

9. Describe and illustrate the ladybug’s reactions to each of your actions.

W\wsﬁgate one or more of these activities, using the materials.

a.Find something to do that makes your ladybug turn over and play
dead each time you do it.

b. Find a way to make your ladybug leak orange blood. Where does the
blood leak from?
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54 Beetle Beauties

In this activity Students compare the shape and markings of ladybugs to those of other beetles.

ObjECtiVéS '~ To observe and appreciate the range of colors in beetles.
To compare and contrast the physical features of ladybugs with other bectles.

Materials \ For each student:
1 Activity Page
1 bug box or
| clear plastic 9-oz cup

“teacher supplied | *1 ladybug™

1 magnifier
* markers, colored pencils,
or crayons, assorted
1 Journal Page *1 ruler

For the class:
*beetles, assorted specimens
(optional)™
*books, reference, with color
pictures of beetles
*ladybugs, in classroom habitat™

Advance Preparation*

1. See the Living Materials section at the front of
this Teacher’s Guide for information on obtaining
and maintaining ladybugs in the classroom.

2. Gather other kinds of beetles to compare with
ladybugs. Mealworm beetles from Activities 40—-44
are an obvious choice. Students may also gather
beetles outdoors, especially in summer and fall.
Beetles are found most easily on plants. It is less
important to know the species than it is to have a
variety to observe.

Background Information
Background Information for Activities 50, 51, 52, 53,
and 55 also applies to this activity.

About one-fourth of the known species of the animal
kingdom, comprising at least 370,000 species, are
beetles. The scientific name of their order, Coleoptera,
means sheath-winged.

There are about 30,000 species of beetles in North
America, including 150 species of ladybug bectles just
in the United States. The colors and designs on the
elytra of these many beetle species cover every imag-
inable hue and pattern. The beetles illustrated on the
Activity Page are all found in the United States.

Teaching Suggestions

1. Give each student materials for Try This:

1 ladybug, 1 magnifier and clear plastic 9-o0z cup
or 1 bug box, 1 ruler, and markers, colored pencils,
or crayons. Make additional materials available for
the class to share and for students to use for the
Explore! questions.

2. Instruct your students to study a ladybug with the
magpnifier and then draw a large (hand-sized),
detailed sketch of that ladybug from a top view.
Remind them to label the parts listed on the
Activity Page.

3. Make sure students understand that this sketch
should be colored to match the ladybug they are
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observing, including the patterns and colors on its
elytra.

4. Suggest that students study the pictures of other
beetles illustrated on the Activity Page, and any
other pictures in available books or live specimens.

5. Ask students to make a large sketch of three more
kinds of beetles. They may draw live specimens or
draw from illustrations in books. Encourage them
to color the beetles as accurately as they know how.

6. After students have completed and labeled three
more sketches, remind them to describe on their
Journal Page how the ladybug is like the other
kinds of beetles, and how it is different. Their lists
may include size, shape, coloration, number of
body parts and legs, relative length of antennac,
kind of mouth, size and use of wings, and related
beetle features.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. Are all of the beetles you observed colored as
brightly as the ladybug? Arc any brighter?

2. What environment might make it helpful fora
beetle to be brightly-colored? ‘What environment
might make it helpful to be dull-colored?

3. What features do all of the beetles you observed
have in common? What features differ from beetle
to beetle?

4. Do all of the individuals in a group of beetles have
exactly the same markings? What evidence do you
have for your answer?

Resuilts Try This: All adult beetles share these features: three
body parts (head, thorax, abdomen), three pairs of legs
attached to the thorax, antennae, jaws, eyes, elytra, thin
underwings (in some species these do not function for flight).
Beetles vary widely in size, general shape, and color.
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Lt 77Y Beetle Beauties Individual

EIVOUTSI How do the patterns on ladybugs compare with those on other beetless

Get BEETWA You need 1 ladybug, 1 bug box or 1 magnifier and clear plastic cup, 1 ruler,
and markers, colored pencils, or crayons.

Record the Focus Question at the top of your Journal Page.

mTVoz‘e: Ahways wash Your hands after handling beetles.

1. Carefully study your ladybug beetle with the magnifier.

2. Draw a large, detailed sketch of your ladybug from a top view. Label
the head, thorax, abdomen, antennae, legs, eyes, mouth, palps, and
elytra.

3. Use markers, colored pencils, or crayons to color your sketch. Make
the colors match your ladybug.

4. Study the pictures shown here of other beetles. Observe any live
specimens that you or classmates have found. Look in books for more
pictures of beetles.

Jire beetle

5. Draw large sketches of three more kinds of beetle. Label the parts.
Use markers, colored pencils or crayons to show the colors of any
live beetles.

6.On your Journal Page, list and describe how ladybug beetles are like
the other beetles. Then list and describe how they are different.

WVestigate one or more of these activities, using the materials.

a.Find a ladybug in the class habitat that has the same pattern of dots
on both sides of the elytra. Sketch and color this pattern.

b. Find a ladybug in the class habitat that has a different pattern of dots
on each side of its elytra. Sketch and color this pattern.

¢. Make up an imaginary ladybug using geometric shapes. You could try
triangles, squares, rectangles, circles, pentagons, or hexagons. Use
some eye-popping colors to illustrate it.
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55 X Marks the Spot

In this acﬁ\l'l'fy . Students count the spots on ladybugs and compute statistics for the data.

Objécﬁv;es To observe and record variation within a population of animals (ladybugs).
' . To apply mathematical concepts to observations of ladybugs.

Materials | For each student:

= 1 Activity Page

| - *1 calculator (optional)
*teacher supplied 1 Graph Sheet

- 1 bug box or clear plastic 9-oz cup

1 Journal Page
*5 ladybugs™

1 magnifier

Advance Preparation™

1. See the Living Materials section for information
on obtaining and maintaining ladybugs.

2. Depending on your class’ grade and skill level,
review two- and three-digit multiplication or
provide calculators.

Background Information
Background Information for Activities 50, 51, 52, 53,
and 54 also applies to this Activity.

Ladybugs may have from none to 28 or more spots,
depending on the species. The spots may be black,
red, yellow, orange, or gold and they may meld to
form intricate designs rather than separate spots.
Many of the ladybugs available for sale to gardeners
are of the species known as convergent ladybugs.
Typically, these beetles have 13 spots, six symmetri-
cally arranged on each clytra and one near the thorax
at the center where the elytra meet.

However, even convergent ladybugs have variations,
and other ladybug species are nearly always present.
Species cannot be identified entirely by the number
and location of spots. There s, for example, a spotless
nine-spotted ladybug that sometimes has one spot
near the thorax.

Teaching Suggestions

1. Give each student materials for Try This:

5 Jadybug beetles in 1 bug box or clear plastic cup,
1 magnifier, and 1 calculator (optional). Make
additional materials available for the class to share
and for students to use for Explore!

2. Instruct your students to count the black spots on
the back of one of their ladybugs. Advise students
that some of the spots may be quite small and a
magnifier or top of bug box is helpful for sceing
the spots. A spot that crosses the seam in the
elytra counts as one spot.

3. Assist students as necded in setting up a bar
graph on the Graph Sheet, as described on the
Activity Page.
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4. You may wish to check student graphs after they
have recorded the first value, before allowing them
to proceed with the rest of their ladybugs.

5. Remind students to share data with five other
students in order to obtain counts for a total of 30
ladybugs.

6. Help your students find the mode, which is the
most common number of ladybugs in their
sample. Basically, students need to look at their

raphs, determine which height of bar occurs most
often, and confirm this by counting.

7. Demonstrate how to add the total number of
spots for all of the ladybugs and divide by 30 to
calculate the average number of spots.

3. Assist students in comparing the values of the
mode and the mean, and determining which value
is closer to an actual value for the number of spots
a ladybug has.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. Compare the average number of spots with your
graph. Does any one ladybug have the average
number of spots? What does this suggest about
the concept of average?

2. Do all ladybugs have black spots on red? If not,
what colors are they?

3. Do any ladybugs have patterns on their backs
instead of separate spots? How could these
patterns affect your counts? Hint: Do you think
someone else would have counted the same number of
spots in a pattern that you did?

Results 7ry This: The mode may be 13 spots if the ladybugs
are primarily of the convergent variety. Students may find
that no ladybug has the average number of spots.
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AT X Marks the Spot Individual
F

SRS ENele} How many spots do most ladybugs have?

(CERNTTND Vou need 5 ladybugs and 1 magnifier and clear Plastic cup or 1 bug box.
Record the Focus Question at the top of your Journal Page.

Note: Always wash your hands after bandling ladybugs.
1. Count and record the number of black spots on one of your ladybugs.

2. Set up a bar graph on your Graph Sheet. Number the left side of the
graph from 0 to 28, by 2s. Label that side Number of Spots.

@ 3. Number the bottom of the graph from 1
2 Ladybug Spots to 30. Label it Ladybugs. Plot the number
28 of spots on Ladybug 1 on the graph.
26 4. Count and record the spots for ladybugs
24 2,3,4,and 5. Graph the number of spots
22 for these ladybugs. Share data with five
20 other classmates. Record and graph the
" number of spots for 25 more ladybugs.
% 16 5. Look at your graph. What number of
E\ 14 spots occurs most often? This value is
~§ - called the ode. Record the mode.
= 10 6. Add the total number of spots for all 30
& = ladybugs. Divide the total by 30 to
@ p calculate the average, or mean, number
4 of spots per ladybug.
2 7. Compare the mode to the mean. Which
2 1 value better describes the number of spots
{1 2 3 4 5 6 7 8 9 10 on most ladybugs? On your Journal Page,
@ Ladybugs explain why you chose the value you did.

WVesﬁgate one or more of these activities, using the materials,

a. Write three word problems about ladybugs. Trade word problems
with a classmate and solve the problems.

b. Find the range of your data. This is the difference between the
highest and lowest number of spots. Describe how your graph helps
you to find this value.

¢. Think of another ladybug feature to observe and compare. Describe
how you could gather data to set up your comparisons.
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56 Lizard Lodgings

In this activity | Students set up a habitat for anoles.

Objective  To identify the environmental needs of a kind of small lizard.

Mateﬁals‘ . For each student:

For each team or center: For the class:
- 1 Activity Page *1 anole *crickets
1 Journal Page 1 container, 6-L, with lid *ice cubes

, *2-3 crickets
& = *1 lamp, with 25-watt bulb (optional)
- - '/ petri dish
2 seeds, bean or pea, any variety
seeds, grass, or “sod

‘ — *1 twig
“teacher supplied

*wild bird seed

paper, construction, black
* potting soil

2 spray bottles
*tape, masking
*water

Advance Preparation®”

See the Living Materials section at the front of this
Teacher's Guide for information on obtaining and
caring for anoles.

Background Information

Background Information for Activities 57 and 58 and
general information on anoles in the Living Materials
section also apply to this activity.

The anole is a small lizard native to the southeastern
United States. It is sometimes called a chameleon,
however, it is a member of the iguana family and not
a true chameleon. It shares with true chameleons the
ability to change color. Anoles are active during the
day, and can move quite quickly, especially when
warm. Caution your students to prevent the animal’s
escape, but also to handle it carefully.

Anoles are diurnal (active during the day) and favor

shrubs, grasses, vertical fence posts, vines, and similar
places. Anoles are easy to spot at night because mois-
ture on the skin gives the animal a light yellow sheen.

Teaching Suggestions

1. This activity can be done in teams of four or five
students, if you have several anoles, or as a class-
room center if you are purchasing only one or two.

2. Give each team of students materials for Try This:
1 anole, one 6-liter container with lid, sod or grass
seeds, wild bird seeds, 2 bean or pea seeds, 1 petri
dish, 2-3 crickets, 1 lamp with 25-watt bulb
(optional), 1-2 twigs, water. Make additional
imaterials available for the class to share and for
use in Explore!

3. Have students cover the bottom of the container
with potting soil about 5 centimeters deep. If you
have sod, have them place this before planting
seeds in the rest of the container.
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Provide a few twigs for each habitat. Students

should prop these against the side of the container
to make perches for the anole. Remind students to
spray both the sod and the planted soil thoroughly.

. Give students half of a petri dish to use as a food

dish. Give them 2-3 crickets as food.

. Before giving students the anoles, caution them

that these lizards can escape easily and quickly.
They should snap the lid in place immediately
after putting the anole in the habitat.

Remind students to wash their hands after
handling an anole.

Provide a warm, lighted place such as a window
sill for the habitats. A 25-watt incandescent bulb
in a desk lamp may be used for part of each day.
Remind your students to draw a picture of the
habitat on their Journal Pages, and to describe
what the anole does in its new environment.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

5

Are you familiar with any other kinds of lizard?
How is the anole like other lizards? What is
different about it?

. Why is the anole sometimes hard to see? How do

you think this helps the anole in the wild?

. What does the anole do when you put an ice cube

near it What does it do when you give it a choice
of sunlight or shade? What do these behaviors
suggest about its preferences in its natural setting?

Results 7ry This: The anole should adjust quickly to the
new habitat, especially if the temperature is kept warm
enough to aid digestion. It may eat only occasionally.
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Activity 56 J87ET0| Lodgings Team Partners/Centers

Rl NN ileYo) VWhat do anoles need in a habitat?
i Get Ready BT anole, one 6-liter container with lid, potting soil, sod or grass seeds,

wild bird seeds, 2 bean or pea seeds, half a petri dish, 2-3 crickets, 1 ruler,
1 light with bulb (optional), 1 twig, 1 spray bottle (shared), and water.

Record the Focus Question at the top of your Journal Page.

muféty Note: Handle anoles gently. Wash your hands after handling anoles.

1. Put potting soil into the container. Make it about 5 centimeters deep.

2.If you have some grass sod, place it on one side of the container.

3.Plant some seeds in the soil. Include grass seeds, wild bird seeds, and
a couple of bean or pea seeds. Cover with a thin layer of potting soil.

4.Putin a few twigs for the anole to sit on.

5.Use the water sprayer to wet both the sod and the soil.

> photocopy for classroom use.

6. Use the top of a petri dish as a food dish.
Place two or three crickets in the dish.

7. Quickly place the anole in the habitat.
Snap the lid in place. If the lid does not
snap on tightly, tape it with masking tape.

8. Place the habitat on a sunny window sill.
Ifit is cloudy, shine a warm lamp on the

habitat for part of each day.

9. Spray the habitat daily. Anoles need water
to drink and to stay damp.

10. Study the anole in the habitat. Observe, describe, and illustrate what
it does and how it looks.

WVestigate one or more of these activities, using the materials.

a. Observe the anole three times a day, at the same times, for a weck.
Does it do the same things at the same times of day, or does it do
different things?
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b. Guess whether your anole will move toward or away from an ice
cube. Place an ice cube in the habitat near, but not on, the anole.
Observe the anole for a half hour. Describe what it does.

c. Guess whether your anole will move into or away from sunlight. Cover
half of one long side of the habitat with dark paper. Set the habitat in
sunlight. Watch the anole for a half hour. Describe what it does.
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57 Looking at Lizards

In this activiiy_ . Students observe the physical features of anoles.

- ‘Objectivés " To observe and describe the physical features of a lizard.
;2 5 | o - -
To relate the anole’s physical features to their functions.

~ Materials  For each student:
- 1 Activity Page
1 Journal Page
*teacher supplied

For each team of two or center:
*1 anole and habitat™

1 magnifier
*1 ruler

Advance Preparation™

Refer to the Living Materials section at the front of
this Teacher’s Guide for information on obtaining
and maintaining anoles in the classroom.

Background Information
Background Information for Activities 56 and 58 also
applies to this activity.

Because the anole is cold-blooded, it must control its
body temperature by moving from sunshine to shade
on hot days, or from shade to sunshine on cool days.
Color is one indication of whether the lizard is at a
comfortable temperature. A bright green color usually
indicates a warm lizard, while grayish-brown indi-
cates too cool a temperature. A brown anole starts to
turn back to green while warming. Turning brown to
green can take five minutes, but turning green to
brown can take only seconds. Color-bearing cells
called chromatophores make color changes possible in
the anole. Color changes also occur in response to
light or to a disturbance, such as capture.

The anole must shed its skin often because it
frequently outgrows it. The anole’s tail is round and
stores fat and water needed for winter hibernation.
The tail, which is covered with a dense layer of scales,
is used for balance during movement.

Teaching Suggestions

1. This activity can be done in small groups, as team
partners, Or in centers at which students take
turns, depending on the number of anoles.

9. Give each team of students materials for Try This:
1 green anole and habitat, 1 magnifier, 1 flashlight,
and 1 ruler. Make additional materials available for
the class to share and for students to use for Explore!

3. Assist students as necessary as they follow the
instructions on the Activity Page for observing the
anole’s physical features.

4. Help your students locate the ear holes, which are
about 1 centimeter behind each eye. The small
nasal openings lie about 1 centimeter in front of
each eye.
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5. You may wish to demonstrate how to capture the
lizard in its container. Approaching from slightly
in front of the lizard helps, as the lizard jumps
forward more readily than backward. Hold it
securely in a curled hand. It should be able to
squirm but not get away. Do not attempt to
capture or hold the lizard by the tail, as the tail
may come off if you do so.

6. Remind students to make the body and tail
measurements and to record observations of the
scales, colors, and legs as directed on the Activity
Page.

7. After students have returned the lizard to its
habitat, remind them to wash their hands, then
observe it for at least five minutes. They should
note how it uses each of its features as it moves
around the habitat.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. How does the anole move? How do its body shape,
legs, feet, and tail help it to move in this way?

2. Do you think an anole would be found swimming
in a pond? If not, where do you think it would be
found? Explain, based on your observations.

3. How many different colors did you sce on the
anole? Did you see all of these colors at once, or
did they change? Did anything in particular
happen right before the anole changed color (such
as capture or a temperature change)?

4. How do you think the anole’s features help it to
find and capture food?

Results 7ry This: The head is wedge-shaped. Body length
ranges from 10-20 centimeters long. Males have a pink
throat flap called a dew/ap. Females are slightly shorter and
maller than males. The nasal opening is about 1 centimeter
in front of the eye; the ear hole 1 centimeter behind. The legs
have five toes with curved claws and adhesive pads; the rear
legs are longer. The tail is usually longer than the body.
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L@\ Y¥A Looking at Lizards Team Partners/Centers

What physical features does the anole have?
i (CCNNEON You need 1 anole and habitat, 1 magnifier, 1 flashlight, and 1 ruler.

Record the Focus Question at the top of your Journal Page.

erty Note: Handle anoles gently. Wash your hands after handling anoles.

1. Observe the anole in its habitat. Notice the shape of the head.
Notice the shape, color, and movement of the eyes.

2.Find the ear holes and the nose openings. Observe the mouth. Look
for the teeth and tongue if the anole opens its mouth.

3. Sketch the head and label the features on your Journal Page.

4. Record the colors of the anole. Shine a flashlight on its skin. What
colors do you see using the flashlight?

5. Lift the lid of the habitat partway. Catch the anole. Hold it gently but
firmly around the middle. Curl your fingers in front of the front legs.

photocopy

6. Measure the body with your ruler. Then
measure the tail.

\ 7. Use the magnifier to observe the scales.

. Compare scales on the head, back, belly, and
tail. Feel the scales. Notice their shape and
ear hole color. Look for any patterns the scales make.

nose openings

Z front leg 8. Describe and illustrate the body colors and
E scales.
Ei 9. Study the legs and feet. Where on the body do the legs attach?
z Count the toes. Look for the claws. Feel for the sticky pads on the
g foot. Sketch and describe the legs on your Journal Page.
¢ 10. Return the anole to its habitat. Close the lid. Wash your hands.

11. Watch the anole for 5 minutes. On your Journal Page, describe how

the anole uses its eyes, legs, feet, mouth, and tail.
Investigate one or more of these activities, using the materials.
a. Observe the anole’s color in the habitat. Then capture it. Does it stay
the same color when captured, or does it change color?
b. Spray water on the inside of the habitat. Watch the anole’s mouth as
—~

it drinks the drops.

c. Observe the sticky pads on the anole’s toes while they are against the
plastic walls of the habitat. Draw the pads.
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58 Leaping Lizards

' In this actiVity " Students observe the anole interacting with its environment.

Objectives  To observe and describe how an anole interacts with its environment.
= Torclate animal behaviors to the needs they fulfill through those behaviors.
Materials  For each student: For each team of two or center: For the class:
1 Activity Page *1 anole in habitat™ 2 spray bottles
*teacher supplied 1 Journal Page *3 crickets *water

Advance Preparation™

See the Living Materials section at the front of this
Teacher’s Guide for information on obtaining and
caring for anoles in the classroom.

Background Information
Background Information for Activities 56 and 57 also
applies to this activity.

The anole is a small member of the iguana family. It
is carnivorous and a predator. Its prey includes flies,
beetles, moths, crickets, cockroaches, spiders, and
small crabs. The anole has three advantages over its
prey: keen senses, climbing and crawling ability, and
lightning reflexes. The teeth curve back to hold and
crush prey. The adhesive pads on the anole’s fect help
the animal climb. The animal’s rapid movement is
important for catching insects and avoiding animals
that prey on it.

The eyes have separate views of the surroundings.
They may have some slight degree of overlap in the

front, but the side and rear vision are acute. The anole

can probably see insects and other anoles from
distances of more than 25 feet. However, it often
ignores insects if disinterested, even allowing them to
crawl onto its head. Even while asleep, the anole’s
hearing and sense of smell are alert.

Teaching Suggestions

1. You may wish to do this activity with small groups
of students, with team partners, or ata classroom
center, depending on the number of anoles and
habitats. If you have just one center, it helps to
spread student groups out over a few days, so the
anole will be hungry for a cricket for each group.

2. Give each team of students materials for Try This:
1 anole and habitat, 2 or 3 crickets, 1 spray bottle
(shared). Make additional materials available for
the class to share and for students to use for
Explore!

3. Instruct students to spray some water on the
plants and on the clear sides of the habitat. Let
them observe the anole’s reactions. Suggest they
watch its mouth.
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. Ask students to spray the anole with water (if it

has not gotten wet already). Have them observe
and record what the anole does.

. Encourage students to pick up the anole and

watch how it moves while they try to catch it. As
they hold it, have them watch its reactions and
look for color changes. (Students can lift one

finger at a time to see the anole’s body as they
hold it.)

. After your students put the crickets in, they

should note how the anole moves its eyes, head,
body, and tail as it responds to the cricket, and any
color changes.

. Remind students to describe and illustrate all of

their observations on the Journal Page. Encourage
them to try the Explore! activities.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1.

Do you think the anole sees with one eye or both
eyes? List evidence for your answer, based on your
observations.

. Some predators find their prey primarily by smell,

others by touch, sight, or hearing. Which sense do
you think the anole uses most? What evidence do
you have for this?

. How does the anole move as it gets closer to its

prey? Why do you think it moves in this way?

. Does the anole change color all at once, or do some

sections change before others? Which sections?

Results 7ry This: The anole licks water drops. It scoots
away from water spray. ‘When picked up, it may turn brown
or mottled (although a brown anole may turn green from the
warmth of the hand). Tt may open its mouth wide, shut its
eyes, squirm, and attempt to escape. It may stalk and eat the
cricket, or it may be so disinterested that it allows the cricket
to climb on it. Explorel: A male anole in good health will
perform a fighting display at its reflection. Two male anoles
will display and may fight if put together.
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Activity 58 Leaping Lizards Team Partners/Centers

RV INONESio How docs the anole interact with its environment?
Get INCEINR You need 1 anole and habitat, 2 or 3 crickets, and 1 spray bottle of water

(shared).
Record the Focus Question at the top of your Journal Page.

mfety Note: Handle anoles gently. Wash your hands after handling anoles.

1. Spray some water on the plants and walls of the habitat.

2. Observe the anole. What does it do with the water drops?

3. Spray the anole with the water. What does it do? Record your
observations of the anole and water on your Journal Page.

4. Pick up the anole. How does it move when you try to catch it?

5.Hold the anole firmly in your curled fingers. How does it react? Does
the upper body change color? Does it open its mouth or squirm? What

does it do with its eyes? Return the anole. Record your observations.

copy for classroom use.

6. Place the crickets in the habitat. Replace the lid. Watch the anole’s
reactions for 5~10 minutes. Observe what it does with its eyes, body,
legs, tail, and mouth. Watch how it moves toward a cricket, if it does.
Note what it does with the cricket.

© 1997 Delta Education, Inc. Permission granted to purchas

7. Describe and draw all of your observations on your Journal Page.

mmnvestigate one or more of these activities, using the materials.

a. Changes in temperature can make the anole change color. Think of an
experiment to observe what color the anole turns at cool and at warm
temperatures. Get your teacher’s okay before doing your experiment.

b. Hold a mirror up to the side of the habitat. How does the anole
respond?

¢. Guess how an anole will react to another anole. Test your idea.
Separate the anoles if they bob their heads at each other, as they may fight.
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42 just Going through a Stage

| In this activity " Students observe the larval and pupal stages of mealworm metamorphosis.

Objectives  To observe and describe the stages of one type of insect metamorphosis.
: - To compare the stages in insect development with stages in human development.

: Materials  For each student:
1 Activity Page

For each team of two:
1 magnifier or bug box

- 1 Journal Page *1 mealworm farm™
*teacher supplied *5 mealworms
Advance Preparation™* boxes to observe their mealworms. Remind

Two Weeks Before Establish mealworm farms, as
described in Activity 40, and allow two to four weeks
for larvae to begin pupating.

Background Information
Background Information on Activities 40, 41, 43, and
44 also applies to this activity.

Mealworms are the larval form of darkling beetles.
These insects take about two months to go through
five larval molts before pupating. Cool temperatures
delay the cycle. Warm conditions (80—85°F) accel-
erate development. Larvae grow to about 30 millime-
ters before the last molt. The shed skins can be found
amid the bran in the mealworm farm although, like
many insects, the larvae sometimes eat the skins.

The final larval molt results in the pupa. Pupation is a
dormant stage in which the insect does not eat or
move, although it does twitch if touched, especially if
held by either the head or tail.

A few mealworm larvae may die at this stage, either
from a direct lack of moisture, or because they were
attacked by other larvae seeking moisture. They may
also die from attacks by other insects, moldy food, or
excessively high temperatures. Dead larvae turn dark
brown or black and are stiff and still, even when
touched.

Teaching Suggestions

1. Give each team of students materials for Try This:
1 magnifier or bug box and 1 mealworm farm
with 5 mealworms. Make any additional materials
available for the class to share and for students to
use for Explore!

2. Ask students to examine the mealworm farm that
they made in Activity 40. They should first record
any changes they notice on their own.

3. Next, each student should draw a larger-than-life
picture of one mealworm larva. A picture the
width of a hand is not unreasonable, in order to
show details. Students may use magnifiers or bug
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students to label their drawings.

4. Have students search the bran for shed skins. Tell
students to use the magnifier or bug box to
examine a shed skin. Ask them to draw another
large illustration, this one of the skin, and to
describe what it looks like.

5. Instruct students to look for changes in all the
mealworm larvae. These might include a larva that
has died and turned brown or black, larvae that
have pupated, or even the presence of an adult
beetle in place of a larva.

6. Ask students to compare the pupa illustrated on
the Activity Page to their larvae. Have them note
if any have pupated.

7. Show students how to make a chart on the Journal
Page to record the status of the larvae from day to
day.

8. Remind students to observe their mealworm farms
daily for two or more weeks and record what
happens to each mealworm.

9. Have students record if a larva dies and turns
black and stiff, when a larva changes into a pupa,
and the date when the adult beetle emerged.

Think It Over
After students have tried the Explore! activitics, chal-
lenge them with these discussion questions.

1. Why do you think the skins look chewed?

2. Do you have any black or dark brown mealworms?
What happened to them? How can you tell?

3. What do you think is happening inside the pupa?
What evidence supports your answer?

4. What do you think the pupa eats? Explain.

Results 7ry This: Larval development, pupation, and beetle
emergence will depend on the care of the mealworm larvae
and the temperature. Warm environments speed up the cycle,
cooler ones slow it down. Students should have no difficulty
seeing larval or pupal features using either the larger 4-power
or smaller 8-power lens, or the bug boxes.
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59 Dinomania

Mesozoic.

In this activity =~ Students sequence the arrival of example life forms in the geologic eras know:

1 as Paleozoic and

Ob]ectives " To construct a time line showing when some life forms first appeared in the fossil record.

To relate the length of time elapsed to the appearance of new life forms in the fossil record.

Materials  For each student:

{ = 1 Activity Page
— = 1 Journal Page

| “teacher supplied  *1 ruler

For each team of two:
* markers, colored pencils, or crayons
*2 pe paper, poster, 11 x 17 in. or larger
*1 pe paper, shelf, 12 X 48 in. or longer

For the class:
*books, reference
* clay, modeling, or
play clay

Background Information

Keep in mind two guidelines while working with the
Geologic Time Scale. First, remember that the more
recent the time period being considered, the more
detail that is available about it, in the form of fossils
and rocks. As a result, it is casy to come away with
the impression that more animals and plants have
evolved in the past 65 million years than evolved
before that time, when in fact we simply have more
information about more recent animals and plants
than about more ancient ones.

Second, there is almost always some disagreement
among different sources about specific dates when
new types of animals and plants appeared. Such dates
are subject to revision as new fossils are discovered, as
different methods of testing the age of those fossils
are used, and as different scientists interpret the
meaning of the fossils and dates. However, such
differences are largely unimportant to the student or
non-specialist who wants to study the appearance of
animals and plants in the fossil record.

Million
Era Period Years Ago
Precambrian 4.5 billion—570 million
Paleozoic Cambrian 570-505
Ordovician 505-440
Silurian 440-410
Devonian 410-360
Mississippian 360320
Pennsylvanian 320-285
Permian 285-245
Mesozoic Triassic 245-210
Jurassic 210-145
Cretaceous 145-65
Cenozoic Tertiary 65-2
Quaternary 2-present

This activity offers a basic introduction to the
Geologic Time Scale, with emphasis on the Paleozoic
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Era, leading up to the dinosaurs, and the Mesozoic
Era, the age of dinosaurs. Little detail is provided for
the Cenozoic Era, as the focus of the activity is on
the appearance of lizards and dinosaurs. Although the
name dinosaur means terrible lizard, dinosaurs were
not lizards, and current theories do not necessarily
classify dinosaurs with modern reptiles.

A note about dates: Discussing the length of a
geologic period or era requires giving two dates.
Because both dates are measured from the present
date, the earlier date has the greater number attached
to it. For example, the Jurassic Period began 210
million years ago. It ended 145 million years ago.
Thus, the Jurassic Period lasted from 210-145
million years ago. Students may think of such a date
as being “backwards.” It may help to show them a
aumber line with values both greater and less than
zero, or to remind them of BC and AD dates, if they
are familiar with ancient history.

Tt is generally agreed that Earth is about 4.5 billion
years old and that bacteria appeared somewhere
between 4.2 billion and 3.5 billion years ago.
Cyanobacteria (formerly known as blue-green algac)
evolved and started dispersing oxygen into the atmos-
phere about 3.5 billion years ago. Before this time,
there was little if any oxygen gas in the atmosphere.

The fossil record shows jellyfish, solitary corals, and
worms appearing by 1.1 billion years ago. Sponges
appeared about 900 million years ago. The period
from 570 to 505 million years ago is called the
Cambrian Period. Fossils from this time provide
evidence of trilobites, (a shelled sea-floor animal
common at the time but long extinct), and some
mollusks. The Ordovician Period, from 505 to 440
million years ago, saw the evolution of jawless fish
and the first vertebrates. The Silurian Period, from
about 440 to 410 million years ago, saw the develop-
ment of coral reefs and the advent of jawed fish, scor-
pions, and land-based plants.
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In the Devonian Period from about 410 to 360 million
years ago, fishes became plentiful. On land, the first
forests, insects, and amphibians developed.
Crustaceans, fish, and amphibians were plentiful in
the Mississippian Period from 360-320 million years
ago. The Pennsylvanian Period, 320285 million years
ago, ushered in the first reptiles, among them croco-
diles, lizards, tortoises and turtles. Giant insects were
plentiful and forests of ferns existed. These would
later become a source of fossil fuels.

The first sced plants—trees that bore cones with
seeds, rather than spores—occurred in the Permian
Period, from 285 to 245 million years ago.
Amphibians and reptiles were plentiful and modern
insects also appeared during the Permian Period.

The first of the three dinosaur periods is the 7riassic,
lasting from about 245 to 210 million years ago. The
first dinosaurs and the first mammals appeared.
Insects were plentiful and trees were common,
although familiar flowering plants, such as maples,
oaks, and even grass, had not yet evolved.

The second dinosaur period, the Jurassic (210-145
million years ago), ushered in the giant dinosaurs,
including the meat-eating Allosaurus and the giant
plant eaters, Apatosaurus (formerly Brontosaurus) and
Diplodocus.

The last dinosaur period, the Cretaceous (145 to 65
million years ago), was the time of the horned
dinosaur Triceratops and the towering Tyrannosaurus
Rex. Flowering plants appeared and birds were
numerous.

Sometime about 65 million years ago a great extinc-
tion occurred, wiping out the dinosaurs as well as
most other species. This mass extinction marks the
end of the Cretaceous and the beginning of the
Tertiary Period. This event was the third such mass
extinction in Earth’s history. The previous two
occurred about 440 million years ago (the end of the
Ordovician Period) and 245 million years ago (the
end of the Permian Period). The current leading
theory suggests that an asteroid, comet, or meteor
impact led to the mass extinction at the end of the
Cretaceous. Another theory suggests massive volcanic
activity as the cause. Both theories maintain that
excessive dust in the atmosphere reduced the amount
of solar energy reaching Earth for a number of years,
causing a shortage of food in the form of green
plants.

Teaching Suggestions

1. Give each team of students materials for Try This:
2 large poster papers, 1 long piece of shelf paper,
2 rulers, and markers, colored pencils, or crayons.
Make additional materials available for the class to
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share and for students to use for the Explore!
activities.

2. Encourage your students to study the time line.
This is a good opportunity to encourage them to
ask questions of themselves as they look at it, in
order to notice more information than if they
simply read it.

3. Instruct students to create a long, illustrated time
line showing when life forms first appeared.
Provide references that students can use to find
more life forms to add to their time lines.

4. Ask your students to choose one of the time
periods on the chart and create a large, colorful
poster showing a variety of plants and animals
from that period.

5. Suggest that students make their own quizzes
called “Which came first?” based on the time line.
Have them trade quizzes and answer the questions.

6. Remind students to make a picture showing their
favorite dinosaurs and label those which came from
the Jurassic Period (210—145 million years ago).

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. Were the dinosaurs the only animals to go extinct
65 million years ago?

2. Was 65 million years ago the only time that many
life forms went extinct at once? When were the
other times?

3. When did your favorite dinosaurs live? Were all of
your favorite dinosaurs alive at the same time? If
not, which came first?

4. How do you think scientists have learned about
times that occurred long before there were people?
What kinds of things do you think they use for

evidence?

Results 7ry This: In response to the Focus Question, lizards
preceded dinosaurs. Many of the most famous dinosaurs date
to the Cretaceous Period (145—65 million years ago); not all
dinosaurs were alive at the same time.
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Activity 59 plilduEilE Team Partners
Which came first, dinosaurs or lizards?

(@GMEEWA You need 2 poster-size pieces of paper, 1 long piece of shelf paper, 1 ruler, and \J

markers, colored pencils, or crayons.

Record the Focus Question at the top of your Journal Page.

m. Study the Life on Earth time line shown.

2.0On your shelf paper, make a long time line. Show when different life
forms first appeared. Illustrate your time line with drawings of some
life forms.

3. Use books and encyclopedias to find life forms to add to the time
line. Draw the life forms in their correct places. Label them.

4. Choose one of the time periods on the chart. Create a large, colorful
poster showing animals and plants from that period.

5. Write a quiz called “Which came first?” based on the chart. Trade
tests with a classmate and answer the questions.

6. Make another poster, this one showing some of your favorite
dinosaurs. Label which ones came from the Triassic Period (245 to
210 million years ago), the Jurassic Period (210—145 million years

4,
]
ago), and the Cretaceous Period (145 to 65 million years ago). i
=
erstigate one or more of these activities, using the materials. 2
a.As a class, arrange the time period posters in the correct order on a g
bulletin board. Use reference books to settle any disagreements about g
the order. g
=
b. Use research books to find out what trilobites were. Draw several E
examples. g

c. Create a model of one of the extinct animals from the time line. Use

modeling clay or play clay.
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Activity 59

Years Ago
4.5 billion
3.5 billion
1.1 billion
570-505 million

505-440 million

440 million

440-410 million

410-360 million

360-320 million

320-285 million

285-245 million

245 million
245-210 million
210-145 million
145-65 million

65 million

65 million to
present day
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Life on Earth

Formation of Earth: no life

First life appears in water: bacteria

Single corals, jellyfish, worms live in the sea

Trilobites and other animals with shells
appear

Jawless fish and first animals with
backbones appear; coral and mollusks
common

Many life forms become extinct

First coral reefs, jawed fish, scorpions, and
plants that grow on land

Many fish, including sharks and armored
fish; first forests, insects, and amphibians

Crustaceans, fish, and amphibians plentiful

First reptiles, including lizards, crocodiles,
tortoises, turtles; also giant insects, ferns and
other spore plants

Many reptiles and amphibians; first seed
plants; modern insects appear

Many life forms become extinct
First dinosaurs and first mammals
Giant dinosaurs, first birds, small mammals

Horned and armored dinosaurs common;
first flowering plants

Dinosaurs and many other life forms
become extinct

Development of flowering plants, mammals,
birds, and humans
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eIl MO ilo)gl [Tow do mealworms change?

(CEWRCET\NE You need 1 magnifier and 1 mealworm farm with 5 mealworms.

Record the Focus Question at the top of your Journal Page.

WSRNISS Note: Always wash your hands after handling mealworms.

1. Examine your mealworm farm. How have the mealworms changed
since you set up the farm? On your Journal Page, describe the changes.

2. Draw a large picture of a mealworm. Show details. Label the mouth,
head, segments, legs, and antennae. Describe what it looks like in words.

3. Look through the bran or oatmeal for shed skins. Use the magnifier
to look at a shed skin. Draw a large picture of it. Label it.

4.Find each mealworm. Have any turned brown or black? Look at the
pupa illustration. Have any larvae Gl Rl
changed into pupae? How many?
Are there any adult beetles?
Record your observations.

5. Make a chart for recording
data. List today’s date.

6. Observe your mealworm gg 0 pupa
farm daily. Keep at it for \

two to three weeks. Record

what happens to the
mealworms. If a larva turns
black and dies, record this.

Replace the raw vegetable or fruit mealworm larva
rind whenever it dries out. If anything molds, remove it right away.

7.Record when a larva changes into a pupa. Record the date when the
adult beetle has come out of the pupa. Note the color of the beetle.
Note changes in color for three more days.

IDOER [nvestigate one or more of these activities, using the materials.

a. Gently touch a pupa. Use a finger or blunt pencil. What evidence do
you have that the pupa is alive?

b. Do mealworms turn into beetles sooner if it’s warmer or if it’s cooler?
Write your guess. Design an experiment to test it. Join with
classmates so you have more than one farm to work with.

c. What else might affect how long mealworms are pupae, other than
temperature? Design an experiment to test your ideas.
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43 pupa Power

In this activity

Students study the features and reactions of the mealworm pupa.

| Objectives  To compare and describe the similarities and differences between mealworm larvae and pupae.
Materials  For each student: For each team of two: For the class:
1 Activity Page 1 bug box or magnifier flashlights
1 Journal Page *1 mealworm farm™
*teacher supplied *1 pupa™

6. Encourage students to describe also how the
pupa reacts when touched gently, and its reaction
when you pick it up by the pointed tail.

Show students how to cup their hands together

to make a warm, dark place to enclose the speci-

mens. Ask them to hold first the larva, then the
pupa, in their cupped hands for a few minutes
each. Have them describe how each reacts to
being in their hands.

8. Show students how to blow hot air at the larva
and pupa. (This is similar to fogging eyeglasses
before polishing them.) Remind students to
describe how the larva and pupa react.

9. Encourage students to record all observations and

descriptions on their Journal Pages.

Show students how to isolate a pupa in a bug

box. They should leave the bug box in a safe

place where they can observe it daily until it
emerges as a beetle. Students should describe and
illustrate the changes that occur after the beetle
hatches out. They may wish to return the beetles
to their farms when they have hatched.

Think It Over

After students have tried the Explore! activities, chal-

Advance Preparation**

Two Weeks Before Establish mealworm farms, as
described in Activity 40, and allow two to four weeks
for larvae to begin pupating. Plan to do this activity %
when most farms contain at least one pupa.

Background Information
Background Information on Activities 40, 41, 42, and
44 also applies to this activity.

After two to four weeks, student mealworm farms will
likely contain both larvae and pupae. The pupae are
shorter and wider than the larvae and are curved. |
Pupae average about 20 millimeters in length. There |
are two pairs of bristle-like structures protruding from

the side of each pupa segments. The legs become

visible inside the cuticle when the pupa is agitated.

The pupa does not seem as sensitive to touch as the

larva, except when held at the head or tail.

10.

Teaching Suggestions
1. Give each team of students materials for 7ry
This: 1 mealworm farm, 1 magnifier, 1 bug box.
Make additional materials available for the class
to share and for students to use for the Explore!

uestions.
2 ?&sk your students to find a mealworm pupa in lenge them with these discussion questions.
their farms. If they find only larvae, have them 1. How do you think the mealworm pupa is
borrow a pupa from another team that has more protected from predators in nature?
than one. 2. What other insects do you know of that have a

3. Tell students to examine the pupa carefully with pupa stage? How is the pupa stage of those insects
a magnifier. This is a good opportunity to usc the like the mealworm pupa? How is it different?
eight-power lens on the magnifier; neither larvae 3. Is the pupa stage like any period in human devel-
nor pupae move much unless they are touched. opment? Give reasons for your answers.

Thus, students are better able to focus in at the
high 3
P I‘g e POW‘;‘ e T dusdiioll ek Results Try This: The larvac are longer and a darker

. Instruct students to draw a large, detailed sketc tannish-brown, and the segments are easier to distinguish,
of the pupa on the Journal Page. Large sketches than on the pupae. Larvae prefer dark to light. Both Jarvae
help students focus on details they might other- and pupae become active and twitch a great deal if touched
wise ignore. They also make good bulletin board or held by either the head or the tail. Explore!: Mealworms
displays go through their cycle faster under warm conditions. Larvae

Y 5 " react to bright light by wiggling and squirming, especially

5. Remind students to describe on their Journal after a period of time in the dark. The pupa shows little reac-
Pages how the mealworm larva and pupa are tion to the light.
alike and how they are different.
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LXe V1322 Pupa Power Team Partners

What does a mealworm pupa look like? How does it react to changes in

its environment?

(©SRNETN You need 1 mealworm farm, 1 magnifier, and 1 bug box.

Record the Focus Questions at the top of your Journal Page.

RIS Note: Arways wash your hands after handlin g all stages of mealworms.

1.Find a mealworm pupa in your farm or borrow one from another team.

2. Study the pupa with a magnifier. What does it look like?
3. Draw a large sketch of the pupa on your Journal Page.

4. Describe how the mealworm larva and pupa are
alike. Then describe how they are different.

5. Gently touch the pupa. Describe how it

reacts.

6. Pick the pupa up by its pointed tail.
Describe how it reacts.

7.Find a mealworm larva. Cup your hands
to make a warm, dark place. Hold it in
your cupped hands. What does it do?

8. Now hold the pupa in your cupped hands. What does it do?

9.Blow a stream of hot air at the larva. Then blow hot air at the pupa.
What does each do?

10. Record all of your observations and descriptions on your Journal Page.

11. Place a pupa in a bug box. Observe it daily. How many days does it
take to hatch as a beetle?

erstigate one or more of these activities, using the materials.

a.Will a pupa hatch sooner in light or in darkness? Design an
experiment to find out.

b.Put alarva and a pupa in a dark place for a few minutes. Shine a
flashlight on them suddenly. How does the larva react to light? How
does the pupa react? Think of a reason for this difference.

c. Look outdoors for another insect pupa. Trees, plants, and sides of
buildings are good places to look. How is the mealworm pupa like the
other pupa? How is it different? Do they take the same length of time
to hatch as adult insects?
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44 Beetle Basics

In this‘activity{ . Students observe adult mealworm beetles.

OMéCtiVe ' To observe, illustrate, and describe the features of the adult beetle.

For the class:
magnifiers

Materials  For each student:
1 Activity Page 1 bug box
1 Journal Page *1 mealworm beetle™
*teacher supplied *1 ruler

For each team of two:

Advance Preparation™

Four Weeks Before Establish mealworm farms, as
described in Activity 40, and allow four to six weeks
for the larvae to pupate and emerge as adult beetles.

Background Information
Background Information for Activities 40, 41, 42, and
43 also applies to this activity.

The pupa stage for mealworms lasts 10—14 days, after
which the pupa molts and the adult darkling beetle
emerges. It is off-white at first but progresses to
reddish-brown and finally to a deep black over a
period of two to three days. Beetles can live as long as
four weeks. They eat the same foods as the larvae.
Adult beetles have wings but they do not fly, nor do
they jump. They do walk rather rapidly but cannot

climb tall, smooth sides of plastic or glass.

Mealworm beetles are about 13-16 millimeters long.
Like all beetles, the mealworm beetle has two pairs of
wings. The outer wings, called the elytra, are hard,
rounded features with thin, lengthwise grooves. These
elytra cover thin underwings. The legs are attached to
the thorax. The head, the two thorax sections, and
abdomen are clearly distinguishable.

The beetles like to hide if they have places to do so.
Beetles often become quite agitated, active, and flap
their wings in preparation for mating. The mealworm
beetle usually mates and lays its eggs within the first
5-10 days after emerging from the pupa.

Teaching Suggestions

1. Give each team of students materials for Try This:
1 mealworm beetle, 1 bug box, 1 ruler. Make addi-
tional materials available for the class to share and
for students to use for Explore!

2. Instruct your students to place their mealworm
beetle in the bug box. You may wish to provide
magnifiers as well as the bug boxes.

3. Invite students to start their study of the head by
finding the antennae and the mouth.

4. Encourage your students to sketch two or three
views of the beetle’s head on their Journal Pages.
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Explain that each angle shows some features
better than others.

5. Ask students to locate the thorax, describe its shape,
and draw two views, making note of the legs.

6. When students observe the beetle’s abdomen,
demonstrate how to open the bug box and use a
pencil or finger to gently lift these outer wing
covers and observe the underwings.

7. Remind students to sketch views of the abdomen
as seen from above and underneath.

8. Suggest that students use millimeters as the unit
for measuring cach of the physical features listed
on the Activity Page. The scale on the bug box
can be used for measuring.

9. Remind students to observe and describe how
beetles act in the mealworm farm.

Think It Over
After students have tried the Explore! activities, chal-
lenge them with these discussion questions.

1. How is the beetle’s behavior different from the
larva’s? Does its behavior make it easier or harder
to see?

2. What other insects have you seen that look like
the mealworm beetles in some way?

3. Do you think these beetles can fly? Think about
its lifestyle. Is flying important to its survival?
Support your answers with your observations.

4. What predators do you think might eat mealworm
beetles? How do you think mealworm beetles are
protected from some predators?

Results Try This: The beetles tends to be active. This can
make them difficult subjects to study. Students should be able
to observe the features if the bectles are contained in the
boxes. Explore!: Beetles tend to be active in warm, dark
places, such as cupped hands.
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ACﬁVity :%/% Beetle Basics Team Partners

IZIAVIHOUie]al What do adult mealworm beetles look like and how do they act?
(©CNNEWNA You need 1 mealworm beetle, 1 bug box, and 1 ruler.

Record the Focus Question at the top of your Journal Page.

1. Place your beetle in the bug box. Find the three body parts: head,
thorax, and abdomen.

2.Look at the head. Find the antennae and the mouth. On your Journal
Page, draw the head three times: from
the top, the side, and the bottom. antennae

3.Find the middle section, the thorax.
Describe its shape.

4. Count the legs. What shape are they?
Where are they attached?

5. Draw the thorax and legs two times.
In one drawing, show the thorax from
below. In the other, show it from
above and show which ways the legs
point.

6. Look at the beetle’s abdomen.
Describe the e/ytra, the dark upper
wings that cover the abdomen. Use a
pencil or finger to gently lift the

: y thorax
upper wings. Look at the wings abdomen

underneath.

7.Draw the abdomen twice: once from above and once from below.

8. Measure the length of the beetle. Measure the length of its head, thorax,
abdomen, and legs. Record the measurements on your Journal Page.

9. Observe and describe how beetles act in the mealworm farm.

IO Investigate one or more of these activities, using the materials.

a.Find a pupa that is starting to hatch. Put it in a farm apart from other
beetles. Look at it twice a day for two days. Describe how it changes
color in that time.

b. Cup your hands to make a warm, dark place. Hold the beetle in your
hands. How does it react?

¢. Design an experiment to find out if beetles prefer brightly lit areas or
dark, covered places.
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