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Assignment: Week 4 & 5

Evidence of Evolution

The work in this packet is due 5/15/2020. If working online, you may turn in work digitally before the
deadline. I encourage you to turn work in as you complete it. If completing paper packets, attach all work
to packet before turning packet in on May 15, You can also take a picture of paper packet work and
email images to me (make sure to write your name in ink on each page). Make sure to have the proper
heading on each page to ensure that I receive all of your work. I have broken the work down into daily
tasks to help you manage your time.

WKk4:Day 1-2 (turn in by 5/15/20):

The basic idea of natural selection is that a population of organisms can change over the generations if

individual having certain heritable traits leave more offspring than other individuals. The result of natural

selection is evolutionary adaptation, a population’s increase in the frequency of traits that are suited to the

environment. In modern terms, we would say that the genetic makeup of the population has changed over time,

and that is one way to define evolution. Evolution leaves observable signs. There are five lines of evidence that

support evolution: the fossil record, biogeography, comparative anatomy, comparative embryology, and

molecular biology. [Campbell, N.A., Reece, J.B., and Simon, E. (2007). How populations evolve. Essential

biology with physiology, 2™ edition. (p. 245). San Francisco, CA: Pearson, Benjamin Cummings]

1. Review the different lines of evidence used to support the theory of evolution: Read pgs. 250-253 in your
textbook. Take notes as needed.

2. Write 1-2 thoughtful paragraphs about what you now understand about a) how the five lines of evidence
support the theory of evolution, b) what still confuses you, and ¢) what new questions you have.

Wk4: Days 3-4 (turn in by 5/15/20)
Complete the Evidence of Evolution Worksheet (See Assignments online or attached to the back if completing
paper packet).

Wk4: Days 5 (turn in by 5/15/20)

1. Review Darwin’s theory of natural selection: Read pgs. 253-255 in your textbook. Take notes as needed.

2. Write a 1-2 paragraph reflection explaining a) what you learned from the evidence of evolution worksheet
and b) the connections you made with what you learned about Darwin’s theory of natural selection and how
mutations play an important role in natural selection.

Evidence of Evolution

When Charles Darwin first proposed the idea that all new species descend from an ancestor, he performed an
exhaustive amount of research to provide as much evidence as possible. Today, the major pieces of evidence for this
theory can be broken down into the fossil record, embryology, comparative anatomy, and molecular biology.

This is a series of skulls and front leg fossils of organisms believed to be ancestors of the modern-day horse.

(modern horse)
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Equus Pilohippus Merychippus Mesohippus Eohippus

(Dawn Horse)

Source: http://www.iq.poquoson.org
3. Give two similarities between each of the skulls that might lead to the conclusion that these are all related

species.

4. What is the biggest change in skull anatomy that occurred from the dawn horse to the modern horse?

5. What is the biggest change in leg anatomy that occurred from the dawn horse to the modern horse?




Organisms that are closely related may also have physical similarities before they are even born! Take a look at
the six different embryos below:

Source: http://www.starlarvae.org

Hypothesize which embryo is from each of the following organisms:

Species

Embryo

Your thinking.

Human

Chicken

Rabbit

Tortoise

Salamander

Fish

It is OK if you find this challenging. Please don’t try and google answer.
Instead, just briefly explain the thinking behind your hypothesis.

These are older, more developed embryos from the same organisms.

Hypothesize which embryo is from each of the following organisms:

Species

Embryo

Your thinking.

Human

Chicken

Rabbit

Tortoise

Salamander

Fish

It is OK if you find this challenging. Please don’t try and google answer.

Instead, just briefly explain the thinking behind your hypothesis.

These are embryos at their most advanced stage, shortly before birth.

Fish Salamander Tortoise Chick Rabbit Human

Describe how the embryos changed for each of these organisms from their earliest to latest stages.

Species Anatomical Changes From Early to Late Stages

Human

Chicken

Rabbit

Tortoise

Salamander

Fish

1. Look again at the six embryos in their earliest stages. Describe the patterns you see. What physical
similarities exist between each of the embryos?

2. Does this suggest an evolutionary relationship? Explain how.these embryos can be used as evidence of a
common ancestor between each of these six organisms.



For each animal, indicate what type of movement each limb is responsible for.

Shown below are images of the skeletal structure of the front limbs of 6 animals: human, crocodile, whale, cat, . . .
bird, and bat. Each animal has a similar set of bones shown by shading. Animal Primary Functions

Human Using tools, picking up and holding objects

Whale

Cat

-—humerus

Bat

Bird

Crocodile

Compare the skeletal structure of each limb to the human arm. Relate the differences you see in form to
the differences in function.

Animal Comparison to Human Arm in Form Comparison to Human Arm in Function

Whale Whale has a much shorter and thicker humerus, The whale fin needs to be longer to help in
radius, and ulna. Much longer metacarpals. movement through water. Thumbs are not
Thumb has been shortened to a stub. necessary as the fins are not used for grasping.

Cat

Bat

Bird

Crocodile




Compare the anatomy of the butterfly and bird wing below.

butterfly wing

1. What is the function of each of these structures?

2. How are they different in form? Give specific differences.

Compare the overall body structure of the cave fish and the minnow below.

cave fish

1. What is the biggest, most obvious difference between the body structure of these two fish?

2. Assume the two fish came from the same original ancestor. Why might the cave fish have evolved without
eyesight?

3. What kind of sensory adaptation would you hypothesize the cave fish has to allow it to navigate in a cave,
including catching and eating food?

You have now studied three different types of anatomical structures.

e Homologous structures show individual variations on a common anatomical theme. These are seen in
organisms that are closely related.

1. Give an example of a homologous structure from this activity:

e Analogous structures have very different anatomies but similar functions. These are seen in organisms
that are not necessarily closely related but live in similar environments and have similar adaptations.

2. Give an example of an analogous structure from this activity:

o Vestigial structures are anatomical remnants that were important in the organism’s ancestors but are no
longer used in the same way.

3. Give an example of a vestigial structure from this activity:

4. Below are some vestigial structures found in humans. For each, hypothesize what its function may have
been.

Structure Possible function?

Wisdom teeth

Appendix

Muscles for moving the ear

Body hair

Little toe

Tailbone

5. How are vestigial structures an example of evidence of evolution?



Cytochrome c is a protein found in mitochondria. It is used in the study of evolutionary relationships because
most animals have this protein. Cytochrome ¢ is made of 104 amino acids joined together.

Below is a list of the amino acids in part of a cytochrome protein molecule for 9 different animals. Any
sequences exactly the same for all animals have been skipped.

For each non-human animal, take a highlighter and mark any amino acids that are different than the human
sequence. When you finish, record how many differences you found in the table on the next page.

42 | 43 | 44|46 | 47 | 49 50 53 | 54 | 55 | 56 | 57
Human Q A PlY| S T A K N K G |
Chicken Q A E|F S T D K N K G |
Horse Q A P|F | S T D K N K G |
Tuna Q A E | F S T D K S K G |
Frog Q A A | F S T D K N K G |
Shark Q A Q| F S T D K S K G |
Turtle Q A E | F S T E K N K G |
Monkey Q A PlY S T A K N K G |
Rabbit Q A V| F S T D K N K G |
58 | 60 | 61 | 62|63 | 64 | 65 66 | 100 | 101 | 102 | 103 | 104

Human | G E D|T L M E K A T N E
Chicken T G E D|T L M E D A T S K
Horse T K E E|T L M E K A T N E
Tuna V N N E| T L R E K A T S -
Frog T G E E|T L M E S A C S K
Shark T Q Q E| T L R | K T A A S
Turtle T G E E|T L M E D A T S K
Monkey T G E D| T L M E K A T N E
Rabbit T G E D|T L M E K A T N E

Animal | Number of Amino Acid Animal | Number of Amino Acid

Differences Compared to Differences Compared to
Human Cytochrome C Human Cytochrome C

Horse Shark

Chicken Turtle

Tuna Monkey

Frog Rabbit

1. Based on the Cytochrome C data, which organism is most closely related to humans?

2. Do any of the organisms have the same number of differences from human Cytochrome C? In situations like
this, how would you decide which is more closely related to humans?

1. Charles Darwin published his book On the Origin of Species in 1859. Of the different types of evidence that
you have examined, which do you think he relied upon the most, and why?

2. Review “Theories in Science” p 18. [ video option too: Evolution #1: Isn't evolution just a theory?
https://www.youtube.com/watch?v=XsZV90wOzOk ] Given the amount of research and evidence available on
evolution, why is it still classified as a theory? Be sure to explain how a scientific theory fits into the big
picture of the process of science (if necessary review p13-18).




WK 5: Natural Selection in Action

Additional Learning Opportunities when bored watch something fun, interesting and
educational:

e PBS Triumph of Life - The Four Billion Year War https://youtu.be/kVwB908J4W0O

o Radiolab: Dinopocalypse! https://youtu.be/ZYoqtBEzuiQ

o Greatest Discoveries with Bill Nye: Evolution, video https://youtu.be/BViBSIcmKHU

e PBS Eons play lists https:/www.youtube.com/channel/UCzR-rom72PHN9Zg7RMLIEbA/playlists

The fundamentals below: The work in Week 5 provides additional learning opportunities to
further your understanding of natural selection and evolution. Should you continue studies in
the life sciences, it will be expected that you exposure to these concepts.

Charles Darwin
developed a theory
of evolution to explain
the unity and diversity
_of life, based on the Soie Mice
idea of shared common mice are reproduce,
ancestors (Khan eaten by giving next
. birds generation
Academy, n.d.). His
theory was based on
the mechanism
of natural selection,
which explains how
populations can evolve

Natural selection acting on mice population over time.

— —
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in suCh a Way that they A population of mice has Tan mice are more visible Because black mice had
R moved into a new area to predatory birds than a higher chance of leaving
becpme ,better SUIted to where the rocks are very black mice. Thus, tan mice offspring than tan mice,
their environments over dark. Due to natural are eaten at higher frequency the next generation contains
time. genetic variation, some than black mice. Only the a higher fraction of black
mice are black, while surviving mice reach mice than the previous
others are tan. reproductive age and leave generation.

offspring.
The light-colored mice are more easily seen by predators and are therefore preyed upon more. Dark
mice are better adapted to their environment and better able to survive and reproduce.

Individuals have variations within their heritable traits. Some variations make an individual better
suited to survive and reproduce in their environment.

If this continues over generations, these favorable adaptations (the heritable features that aid survival
and reproduction) will become more and more common in the population.

The population will not only evolve (change in its genetic makeup and inherited traits) but will evolve
in such a way that it becomes adapted, or better-suited, to its environment.

Adaptations are physical traits that help organisms survive longer than those without it. They have
more offspring that are born with this same adaptation, paving the way for natural selection. A
beneficial or neutral adaptation can quickly become harmful when the environments change. The
environment greatly affects an organism’s ability to survive, and even a small change can be harmful
to some organisms.

Some examples:

e The panda’s "thumb" is actually an enlarged bone of the wrist. Panda’s eat bamboo. It is difficult to
handle and break the hard stalks, so an enlarged wrist bone helps to grasp the bamboo. In
another environment where the food source is not plants, an extra ‘finger’ would have little benefit,
perhaps even be cumbersome. The hands of pandas have been beneficial only because of their

need for a better grip on bamboo.

e The Kokapo is a flightless bird of New Zealand. There were no ground predators of birds. As a
result, the many ground dwelling birds lost the ability to fly making their wings small and useless.
Eventually, mankind brought cats and weasels. The Kokapo was easy prey and is now nearly
extinct. The inability to fly quickly caught up to them when the environment changed, showing how
adaptation of bad wings was harmful in a different environment.

e The penguin has evolved into flightless birds. Cumbersome and ineffective on land, they are
masters of the water. In Antarctica, the sea is the best place to get food. It has gradually lost its
ability to fly, got insulating blubber, and gained mutated legs that are great for swimming but
terrible for walking. If not for this environment, it would be very vulnerable and helpless.

Activity:
1. Choose two of the island environments from the four described below.
2. Design a squirrel for each island that has adapted to that island’s specific environmental
conditions. Include at least 5 adaptations.
3. Draw each squirrel with its adaptations in its island environment.
4. Include labels of the adaptations and why they are beneficial to the squirrel.

Island Environments:
ISLAND 1 ISLAND 2
+ Fairly flat, few hills, ground is soft dirt
* Small bushes and shrubs grow in the center
* No animal life on land; water is full of fish
+ Surrounded by a coral reef; keeps out
predators

+ Sandy beach with no algal growth
* Fresh water is available

+ Rocky shoreline with many tide pools along the beach

* Wave action is somewhat sheltered by rock outcrops.

*+ Tide pools contain barnacles, oysters, sea urchins & crabs

* Algae grows thick along rocky shoreline

* Algae is thing in the tide pools where the animals feed

+ The current is strong along rocky outcrops where the algae grows best
* Fresh water is available

ISLAND 3 ISLAND 4

+  Desert-like +  Extinct volcano, with plant life changing with altitude moving up the

+ A few species of cactus live on bare rocks volcano

+  Alarge cactus-eating tortoise lives here * Grasses grow at the base.

v Avery large bird nest on the rocks. + Further up the slope the grasses give way to low shrubs

*  They protect their eggs from the sun by * Half way up, the island becomes quite lush; tropical plants and trees

standing over the nests with outspread dominate the landscape

wings + At high altitude, there is freguent rain showers
+  The nests are found on the windy side of + A raptor {meat-eating) bird preys upon the smaller birds.
the island which is somewhat cooled by *+ Other birds fish the waters about one mile offshore

offshore breezes.

+ Both nestin trees

Show & Tell:

If possible, share your drawings with a family member and compare and contrast your squirrels from
the different islands. Explain how natural selection resulted in the traits of your different squirrel
populations.

Family Extension option (is your family running out of things to talk about or games to play? Do you have younger
siblings &/or cousins that need entertaining in person or virtually while the adults are working?): Because Mutations
and genetic recombination from meiosis and random fertilization create the genetic variation which
natural selection acts on, scientists have found unique island organisms that have evolved different
traits due to the struggle of existence in isolation. Choose a 3" Island and have everyone separately
brainstorm up adaptations for the squirrel population. This could lead to fun art projects. Repeat with
the last island if people enjoyed the activity.




