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Objective

Grade
9-12

Students will learn how to build a cladogram by comparing
the common traits found among different animals found
in the Galápagos Islands. Students will also compare their
cladogram to an online tree of life and learn how to define
clades.

NGSS Standards
HS-LS4-1
21st Century Skills
Critical thinking, problem
solving
Materials
Access to D&D Virtual
Reality Exhibit, worksheets
Estimated time
2-3 hours
Difficulty
Medium
Vocabulary
Cladistics, cladogram,
clade, amniotic, bilateral
symmetry, common
ancestors,
Author
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Program Coordinator
Chloe Doucette
Director of Education
Museum of Idaho

Activities
1. Scavenger Hunt. Students visit the museum and/or
access the Darwin and Dinosaurs Virtual Reality Exhibit.
They explore the exhibit and interact especially with the
touchscreen experience on the Galápagos Islands and
complete the Scavenger Hunt.
2. Building a cladogram. In this teacher-led exercise,
students analyze the Galápagos animals and organize them
by building a cladogram based on their physical traits.
3. Clades & Common Ancestors. In this exercise students
access the Tree of Life interactive in the exhibit and identify
the clades and common ancestors for the Galápagos animals
previously identified.
Assessment
There are three quizzes, one for each activity, each worth 20
points. Students can add their names and class and hand in
the quizzes. Answer keys are provided.
Lesson plan based on Darwin & Dinosaurs Exhibit
More lesson plans at darwindinosaurs.com
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Activity 1: Scavenger Hunt Answer Key
No.

Question

Answer

Pts.

1

Is a whale shark a whale or a
shark?

Shark.

2

2

Which of the eleven animals is a
mammal?

Sea lion.

2

3

What makes the marine lizard so
unusual?

Dive, snort salt, turn red.

2

4

Which animals are reptiles?

Tortoise, marine lizard, and
green turtle.

2

5

Which bird has a trait that
evolved to attract a mate?

Blue-footed Booby.

2

6

What must the Sally Lightfoot
crab do in order to breathe on
land?

Carry water to keep gills wet.

2

7

Which animal was not there
when Darwin visited the islands
in 1835?

The Fowler's snouted tree
frog.

2

8

Which animal can survive over a
year without food or water?

Tortoise.

2

9

Which of the eleven animals do
you think is most distantly related
to the others? Give reasons for
your choice.

[student's choice, score
based on reasons.]

2

10

Pick an additional piece of
information about one of the
animals (not mentioned above)
you find most interesting.

[student's choice, automatic
score of 2]

2

20
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Activity 2: Build a Cladogram Exercise Guide
AngelTortoise fish

Trait
Calcified bones
Vertebral column
Amniotic sac
Mammary glands
Bilateral symmetry
Lungs

Sally
Lightfoot
Crab

Whale
Shark

Tree
Frog Total
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Sea
Lion
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Lightfoot
Crab

Whale
Shark

3

Angel
fish

6

2

Tree
Frog

1

4
5
2
1
6
3

4

Tortoise

Sea Lion

Mammary glands
Amniotic sac
Lungs
Bones
Vertebral column
Bilateral symmetry

TIP: Have students work in
small groups and check to make
sure they get the chart right
before they attempt to create
the cladogram.
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Activity 2: Build a Cladogram Answer Key
Go to the Tree of Life (ToL) interactive in the exhibit. Turn on the advanced search tracer mode by
clicking on the branching icon seen in the top right corner. Enter Galápagos Sea Lion and confirm
when it displays the official name. The Tree will zoom into to the sea lion entry (screend 1 and 2).

No.

Question

Answer

Pts.

1

What do the circles represent on
the cladogram?

Most recent common
ancestor.

2

2

What do the squares represent?

Traits.

2

3

What does the amniotic sac allow
animals to do?

Lay eggs on land and
develop embyos in a moist
environment

2

4

What traits do the two fishes
share (angelfish and shark)?

Bilateral symmetry, vertebral
column

2

5

What traits do the tortoise and
frog share?

Bilateral symmetry, vertebral
column, bones.

2

6

What animal has lungs but not an
amniotic sac?

Tree frog.

2

7

Between what two animals would Between tortoise and seal
you place birds?
lion.

2

8

Why did you put birds where you
did?

Lays eggs (has amniotic sac)
but no mammary glands.

2

9

This statement is incorrect:
"The cladogram shows sea lions
evolved from tortoises." Write a
new version that is correct.

The cladogram shows that
seal lions and tortoises share
a recent common ancestor.

2

10

What type of evidence did we use c. Comparative anatomy
to build the cladogram?

2
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Activity 3: Clades Exercise Guide
In this exercise, students use the Tree of Life interactive in the exhibit to examine
the relationhips between the Galápagos animals. By tracing common ancestors,
students identify the clades they belong to and how long ago (mya) the most recent
ancestor existed.
Students can access the One Zoom interactive directly—there is no need to go
through the D&D Virtual Reality Exhibit or visit the museum.

Tree
Frog
340 mya

Angel
fish

430 mya

Whale
Shark

460 mya

560 mya

Date

Sally
Lightfoot
Crab

320 mya

TIP: Have students work in small groups and check to make sure they are accesing
the One Zoom interactive correctly.

Tortoise

Sea Lion

Amniotes
Tetrapods

Bony vetebrates
Jawed vertebrates

Nephrozoa

Correct Clades and Dates.

Clade

Lesson Plan

Life Sciences

High School
Teacher-6

Cladistics - How Life Forms are Related
Activity 3: Clades Answer Key
No.

Question

Answer

Pts.

1

What is a clade?

2

What evidence did scientists use
to construct the Tree of Life?

d. All of the above.

2

3

Does the Tree of Life support the
cladogram in Activity 2?

Yes, because the dates follow
the same sequence.

2

4

What animal is in the Jawed
vertebrates clade but not in the
Bony vertebrates?

Whale shark.

2

5

What animal is in the Bony
vertebrates clade but not in the
Tetrapods clade?

Anglefish.

2

6

Name an animal not on the
cladogram in Nephrozoa but not
Jawed vertebrates?

Insects, worms, starfish.

2

7

What clade includes humans and
sea lions (use Tree of Life)

Boreoeutheria.

2

8

Which of the following pairs are
most closely related (use Tree of
Life).

c. Finch and tortoise.

2

9

Can a clade nest within a clade?

Yes.

2

10

True or false: Birds are a clade
within reptiles?

True.

2

2
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NAME
URL

CLASS
my.matterport.com/show/?m=fv3NZ9XP6Zd

Activity 1: Scavenger Hunt
In 1835 Charles Darwin famously visited the Galápagos Islands when he served
as a naturalist on HMS Beagle. For this activity we will study some of the animals
found on and near these islands. Go to the Galápagos Exploration Table in the
Darwin & Dinosaurs museum exhibit. Information about nine different animals
can be found under Birds, Reptiles and Marine Life.
Two additional Galápagos inhabitants are described below, for a total of 11
animals to consider while answering the “scavenger hunt” questions on the other
side of this worksheet.

A common fish in the waters off the
Galápagos Islands is the King Angelfish.
They eat sponges and plankton. They have
a strong spike under their cheek they use
to defend themselves. They are popular
choices for saltwater aquariums because
of thier bright colors.
There were no frogs on the Galapagos
Islands when Darwin visited them in the
mid-1800s, but there are now. Fowler's
Snouted Tree Frog probably originated in
South America and only arrived in the late
1990s. Biologists are worried about their
impact on the islands' ecosystems and
have tried to eradicate them.
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Scavenger Hunt
No.

Question

Answer

Pts.

1

Is a whale shark a whale or a
shark?

2

2

Which of the eleven animals is a
mammal?

2

3

What makes the marine lizard so
unusual?

2

4

Which animals are reptiles?

2

5

Which bird has a trait that
evolved to attract a mate?

2

6

What must the Sally Lightfoot
crab do in order to breathe on
land?

2

7

Which animal was not there
when Darwin visited the islands
in 1835?

2

8

Which animal can survive over a
year without food or water?

2

9

Which of the eleven animals do
you think is most distantly related
to the others? Give reasons for
your choice.

2

10

Pick an additional piece of
information about one of the
animals (not mentioned above)
you find most interesting.

2
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Activity 2: Building a Cladogram
Use the information below to fill out the table. Determine which animals
have each of the six traits listed. If they have the trait, put a checkmark in the
corresponding box. Use the information from the table to build the cladogram
(evolutionary tree).
The squares represent the traits. The first square on the lower left should labeled
with the trait that all organisms share. The names of the organisms are written at
the tops of the arrows. The left most organism will only have one trait.
1. Amniotic sac. The amniotic sac is a membrane that surrounds the
embryo. Perhaps you have heard of a pregnant woman’s “water breaking”
before she goes into labor and gives birth. This is referring to the rupture
of the amniotic sac and the leakage of amniotic fluid. Fish and amphibians
who lay their eggs in water do not require an amniotic sac to keep the
embryo in a liquid environment. Most other creatures who do not lay
their eggs in the water make use of the amniotic sac during embryological
development, including reptiles, birds and mammals
2. Bones. True bones contain calcium carbonate, but skeletons can also be
made of cartilage which is softer and more flexible. Jawless fish such as the
hagfish as well as sharks and rays contain skeletons made of cartilage and
not calcified bone. Most other vertebrates (animals containing a vertebral
column or “backbone”) contain true bones.
3. Mammary Glands. Mammary glands are a defining characteristic of all
mammals and is how this group got its name. These glands produce milk
to feed young offspring. The mammary glands are in the breasts of humans
and in the udders of cows, goats and dear. Kangaroos and other marsupials
contain mammary gland inside their pouches. The mammary glands of
many mammals such dogs and cats are called dugs.
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4. Bilateral symmetry. Most animals
display bilateral symmetry. This is when
a single imaginary plane divides the
body into left and right sides that are
mirror images of each other. Animals not
displaying this type of symmetry include
sponges, which are asymmetrical and
jellyfish which display radial symmetry.
5. Lungs. We know that our lungs are
necessary to obtain oxygen from the
air and expel carbon dioxide. Most
amphibians have lungs, although some
will breathe with gills when young
(tadpoles) and a rare few amphibians can
breathe through their skin.
All reptiles, mammals and birds have lungs. Some land animals, such
insects, use tracheal tubes to obtain oxygen. Nearly all fish breathe with
gills and not lungs, although the aptly named lungfish do have lungs and
can live partially on land. Crabs also breathe with gills, and land dwelling
crabs have specially adapted gill folds.
6. Vetebral column. The vertebral column is often simply called a
backbone. The spinal cord is housed within the vertebral column. The
column forms from several stacked vertebrae which are separated by
disks. Vertebrae are made of bone, but in some fish they are made of
cartilage.
All fishes, including jawless fish and cartilaginous fish such as sharks
and rays have a vertebral Column. Vertebrae are also found in all
amphibians, birds and mammals.
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Activity 2: Building a Cladogram Worksheet

Trait

AngelTortoise fish

Sea
Lion

Whale
Shark

Sally
Lightfoot
Crab

Tree
Frog Total

Calcified bones
Vertebral column
Amniotic sac
Mammary glands
Bilateral symmetry
Lungs
Total

Animals

Traits
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NAME

CLASS

URL

my.matterport.com/show/?m=fv3NZ9XP6Zd

No.

Question

1

What do the circles represent on
the cladogram?

2

2

What do the squares represent?

2

3

What does the amniotic sac allow
animals to do?

2

4

What traits do the two fishes
share (angelfish and shark)?

2

5

What traits do the tortoise and
frog share?

2

6

What animal has lungs but not an
amniotic sac?

2

7

Between what two animals would
you place birds?

2

8

Why did you put birds where you
did?

2

9

This statement is incorrect:
"The cladogram shows sea lions
evolved from tortoises." Write a
new version that is correct.

2

10

What type of evidence did we use a. DNA sequences
to build the cladogram?
b. Fossils
c. Comparative anatomy
d. All of the above

2

Answer

Pts.

20

Clades

Life Sciences

High School
Student-7

Cladistics - How Life Forms are Related
Activity 3: Clades & Common Ancestors
A clade is a group of related organisms. A clade consists of a common ancestor
and all of its decendants. The common ancestor will nearly always be an ancient,
extinct organism. Grouping organisms into clades offers more insight and better
illustrates evolutionary relationships than traditional taxonomic groups such as
Phyla, Class, Order, etc.
One Zoom has created a tree of life that depicts the relationships between two
million species. It represents the collective workk of thousands of scientists who
have applied multiple techniques to determine relationships among diverse forms
of life. One method involves comparing the similarity of DNA sequences. For
example, mutations happen over time and differences in DNA can act as a sort
of 'genetic clock' that helps determine how closely or distantly two life forms are
related.

1

Biologists also take cues from the fossil record. The first fossils that contain
vertebrae were found in rocks that date between 430 and 500 million years ago,
supporting molecualr analysis. Similar to activity 2, scientists also compare species
and infer relatedness by shared traits.
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Tree of Life
Go to the Tree of Life (ToL) interactive in the exhibit. Turn on the advanced search tracer mode by
clicking on the branching icon seen in the top right corner. Enter Galápagos Sea Lion and confirm
when it displays the official name. The Tree will zoom into to the sea lion entry (screend 1 and 2).

2

3
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Next, type in Galápago Tortoise in the second box (and confirm). ToL will then zoom out to where
the two share a common ancestor, in this case the clade Amniotes. Enter Amniotes in the chart
below along with 320 mya. Repeat entering the other animals in descending order in the second
box and note the clade and the date. Note: You will need to choose a different tree frog (you won’t
find the Fowlers Snouted Tree frog—just type in "tree frog" and pick any one).

4

Whale
Shark

Angel
fish

Tree
Frog

Tortoise

Date

Sally
Lightfoot
Crab

Clade

Sea Lion
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NAME

CLASS

URL

my.matterport.com/show/?m=fv3NZ9XP6Zd

No.

Question

1

What is a clade?

2

What evidence did scientists use
to construct the Tree of Life?

3

Does the Tree of Life support the
cladogram in Activity 2?

2

4

What animal is in the Jawed
vertebrates clade but not in the
Bony vertebrates?

2

5

What animal is in the Bony
vertebrates clade but not in the
Tetrapods clade?

2

6

Name an animal not on the
cladogram in Nephrozoa but not
Jawed vertebrates?

2

7

What clade includes humans and
sea lions (use Tree of Life)

2

8

Which of the following pairs are
most closely related (use Tree of
Life).

9

Can a clade nest withinn a clade?

2

10

True or false: Birds are a clade
within reptiles?

2

Answer

Pts.
2

a. DNA sequences
b. Fossils
c. Comparative anatomy
d. All of the above

a. Iguana and tortoise
b. Finch and iguana
c. Finch and tortoise

2

2

20

