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1 Introduction

Preparation

• Read Boxes 1, 2 and 3 in this packet.

• Study sections 22.3 and and 22.4 of the textbook.

In 1859, Charles Darwin published the first volume of his book, On the origin of species by
means of Natural Selection, or the preservation of favoured races in the struggle for life. That
and papers written by another English scientist, Alfred Russell Wallace, introduced the concept of
natural selection. This idea modernized biology; it allowed biologists to explain patterns that
previously made no sense. For example, without natural selection it’s hard to understand why
there are so many flawed designs and vestigial traits in essentially all organisms. Natural selection
explains why Australia’s native mammals are almost all marsupial, whereas mammals on other
continents are mostly placental. It explains why all vertebrates have the same basic pattern of
bones in their forelimbs even though forelimb adaptations range from climbing trees (primates), to
sprinting (cats and dogs), flight (bats) and maneuvering in water (whales and dolphins). It explains
why fossils fit into anatomically transitional sequences, why early fossil whale-like mammals had
hooves, why athletes often have knee and back problems, why humans, but not other mammals,
are so prone to problems at birth, why humans develop tails and gills early in development. And
on and on.

Natural selection is also central to medicine. It explains why tuberculosis become resistant to
antibiotics and why HIV disease has such a long plateau phase. It explains how cancer arises,
why cancer treatment fails, and even suggests new treatments. In fact, look closely at any living
system and you’ll find natural selection at its core. Observations like these led one of the leading
biologists of the 20th century, Theodosius Dobzhansky, to title one of his papers, “Nothing in
biology makes sense except in the light of evolution.”

Unfortunately, the American people are well behind the rest of the developed world in their
understanding of evolution. That’s really too bad because evolution and natural selection make
the world much more understandable and also more beautiful. And, contrary to the situation
portrayed in popular culture, biologists overwhelmingly accept that species evolve and that natural
selection is a major force causing evolution.1

1Also, contrary to what is commonly portrayed in popular culture, there is no necessary conflict between
evolution and religion. The major antagonism between “Darwinism” and religion in the U.S. started in the 1920s
when a very influential and outspoken Presbyterian minister, William Jennings Bryan, blamed “Darwinism” for
the atrocities committed by the German army in the First World War. For more details, see Karen Armstrong’s
excellent book, The Battle for God.
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Box 1: Summary of Darwin’s Argument

In The Origin of Species, Darwin focused on 2 main points: first, new species arise from
previously existing ones, a process called organic evolution ; and second, the mechanism
by which new species arise is natural selection. In fact, the second point is the crux of the
book. Even prior to Darwin’s book, other biologists, most notably J.-B. Lamarck, suggested
that species evolve. But Darwin and Wallace were first to suggest a plausible mechanism
causing these changes. That mechanism is natural selection.
Darwin’s basic argument for the existence and importance of natural selection is very simple
and therefore extremely powerful. Ernst Mayr, who would have been the first to tell you that
he was one of the most influential evolutionary theorists of the 20th Century, summarized
Darwin’s argument in the following way. We start with 5 observations.

1. Observation 1: Species tend to over-reproduce; that is, each individual of every
known species tends to produce more than enough offspring to replace themselves. For
example, a single palo verde tree produces thousands of viable seeds in its lifetime; a
single pair of merganser ducks will have on average 12 ducklings every year for 2 to 5
years; human females on average have more than 2 surviving offspring in their lives,
which is why our population is growing so fast.

2. Observation 2: Human beings notwithstanding, most populations are limited in
size. They may fluctuate, but rarely do they grow without apparent bounds like the
human population is at the moment.

3. Observation 3: Resources are limited.

4. Observation 4: Individuals vary. For example, look at the people around you at
any given time. They are all different. The same is true for just about every species
we’ve ever seen—every individual is unique in both its appearance and physiology.

5. Observation 5: This variation tends to be heritable. Again, this is obvious. If two
blue-eyed people have a brown-eyed child, someone will undoubtedly remark how odd
that is.

The first 3 observations lead us to the following statement:

Conclusion 1: There is a struggle for existence among individuals living in a popula-
tion. The struggle is so contentious that most offspring born in a given year die before they
can reproduce. That’s why populations are limited even though species over-reproduce.

From the last 2 observations we have the following:

Conclusion 2: Some individuals are more likely to survive and reproduce in the struggle
for existence (Conclusion 1) because of inherited advantages. So, successful individuals will
tend to pass advantageous traits to their offspring, who are therefore also likely to do well in
the struggle.
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Finally, we can make the following:

Conclusion 3: Success of certain variants at the expense of others will lead to a gradual
change in the characteristics found in a population over time. Characteristics yielding a
better-adapted individual will accumulate in the population, whereas less adapted traits will
tend to decline and disappear.

Darwin himself clarifies this point with the following observation:

It may be said that natural selection is daily and hourly scrutinising, throughout
the world, every variation, even the slightest; rejecting that which is bad, pre-
serving and adding up all that is good; silently and insensibly working, whenever
and wherever opportunity offers, at the improvement of each organic being in
relation to its organic and inorganic conditions of life.

Since natural selection is so relentless and has access to so much time, literally millions or
billions of years, it can cause enormous changes in a population.

Each step in this chain of argument makes perfect sense and is essentially obvious. Anyone
who can look around outside can make each of these observations for him- or herself. The
conclusions follow so easily that one could say they are also obvious. That’s one reason
why biologists as a group are so unified in their belief of evolution via natural selection.
The other reason is that we’ve seen evolution and natural selection time and time again in
Nature.

Despite the elegance of Darwin’s argument, people sometimes have difficulty with one con-
cept in particular. Note that nowhere in the argument above did we suggest that an individ-
ual organism evolved. A single individual cannot evolve. Nothing was ever born one species
and died another. The concept of evolution applies to populations, not individuals. Evolu-
tion is the change over time of characteristics found in a population, not characteristics of
a given individual.

2 Simulation of Natural Selection

This lab begins with a fun little simulation that clarifies the mechanisms of natural selection.
You (and anyone willing to work with you) are predators that feed on a variety of “species” of
prey. There are 4 different prey species that you will feed on with a particular type of “beak,” as
explained below.

2.1 Materials

You will need the following items:

1. At least a 1 foot × 1 foot clear space on a table or the floor. A 12 × 16 inch baking pan is
perfect.

2. A timer. A phone app is the most commonly used, but a kitchen or egg timer works as well.
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3. A coffee mug, cup or small bowl. This will be your stomach.

4. A fork. This is your beak. A dessert fork works best.

5. Thirty of each of the following, representing variations in the prey, with another 30 or 40 in
reserve:

(a) Toothpicks.

(b) Mini-marshmallows.

(c) Jelly beans.

(d) Rice grains.

It is important for the simulation to use mini-marshmallows and rice grains. For the others,
you can substitute something similar (M&Ms or dry pinto beans for jelly beans; paper clips
or even rubber bands for toothpicks.)

2.2 Procedure

2.2.1 Preparation

1. Mix all of the prey items together in a bowl. Make sure they are well mixed.

2. Orient yourself so that you have access to the clear area on the table or floor. Make sure
you have your fork.

3. Set the timer to 45 seconds.

2.2.2 Feeding

1. Dump all the prey out on the table or floor and quickly start the timer. You have 45 seconds
to “eat” as much prey as you can, with the following rules:

(a) Your stomach (cup or bowl) can never touch the table or floor. It must always be held
upright.

(b) With one exception, you may only touch the prey with your beak. You can use no
other part of your body to feed. Exception: If you stabbed your prey, you may use
your stomach to scrape it off your beak and into your stomach.

(c) If feeding on a table, your stomach must always stay above it. You may not sweep prey
off the side of the table and into your stomach.

2. When the timer goes off, you must stop your feeding.
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2.2.3 Data gathering and reset

Open the spreadsheet and note that it contains 3 tables:

• Table 1: Shows the number of each type of prey captured. The highlighted portions are for
you to fill in, as explained below.

• Table 2: Shows the number of each type of prey that survived your attack.This table is
calculated for you. (Ignore the fact that it’s filled in—the numbers will change as you enter
your data.)

• Table 3 (the most important one): Shows how many prey will end up in the next
generation.This is also calculated for you.

Perform the following steps to complete the simulation:

1. Count up the number of prey of each type you captured and record those numbers in the
line labeled, “1.” Leave lines for later feeding bouts blank.

2. Note that the numbers in the tables below have changed. Table 2, feeding bout 1 now shows
how many prey survived the attack.

3. Imagine that the prey have reproduced. They refill the environment to its carrying capacity
of 120 animals. But—and here’s the critical part—when prey reproduce, the species better
able to evade your attack reproduce more than the others. Therefore, in the next feeding
bout you (almost certainly) will not have 30 of each, but more than 30 of some and less of
others. Table 3 calculates this number for you.

4. Now, repopulate the prey using the calculations in Table 3—that is, remove or add enough
of each to match the correct number required by Table 3. Carefully study the example in
Fig. 1 before continuing.

5. Mix all the prey in the feeding area again.

6. Reset your timer to 45 seconds.

7. Repeat the feeding and data gathering procedures for feeding bout 2.

8. Continue resetting and repeating the feeding 2 more times for a total of 4 feeding bouts (and
5 generations of prey—see Table 3).

9. Once you have filled in Table 1 of the spreadsheet, proceed to section 2.3.

10. Note: Due to rounding error, Table 3 may have you add 1 prey that went extinct during
feeding. Just follow whatever Table 3 says.

Rev: Summer 2020 5 Nagy



Figure 1: An example of the first 2 rounds of the simulation. (A) In the first round, the student
ate 10 toothpicks, 22 marshmallows, 15 jelly beans and 0 rice grains. Table 2 tells her how many
were left over. Table 3 says that, after the prey reproduces, in the next generation (generation 1)
there will be 33 toothpicks, 13 marshmallows, 25 jelly beans and 49 rice grains. (She can ignore
the lines for generations 2 through 4.) So, to reset for feeding bout 2, she has to add 13 toothpicks
to the 20 that survived, add 5 marshmallows to the 8 that survived, add 10 jelly beans to the 15
that survived and add 19 rice grains to the 30 that survived. She places all these in the feeding
area and mixes them up. She’s now ready for feeding bout 2.
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2.3 Analysis

Graphing Exercise 1: Predator Evolution

Construct a figure that shows how the prey population evolved during the simulation. Use
a scatter plot since the independent variable is continuous (time). Your figure must conform
to the professional standard as described in the graphing guidelines handout given earlier in
the semester and available on the course webpage under “Readings.” Upload your graph,
complete with caption, via Canvas.

1. In the space provided in Canvas, summarize what conclusions can be drawn this graph (its
“punchline,” as described in BioSkill 2 of the textbook). Be thorough.

2. In the proper location in Canvas, write a short paragraph explaining how the concept of
adaptation applies to the results of the simulation in section 2.2.

3 Phylogenetics

Study Box 2 before continuing with the next project.

When you have finished, go to the the following website:

https://evolution.berkeley.edu/evolibrary/article/evograms_07

Here you will find a more detailed version of the phylogeny (or evogram) in Box 2. Use that
evogram and the background information above to answer the following questions. Place your
responses in Canvas.

1. According to the evogram on the webpage listed above, how long ago did the CLCA exist?

2. What trait(s) is (are) indicated as synapomorphic to all species on the chart besides chimps
and bonobos?

3. Name one derived trait other than change in brain size that distinguishes the genus Homo
from all other species on the chart.
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Box 2: Common Descent and Phylogenetics

Evolutionary theory predicts that all species share a common ancestor. For example, the
common ancestor of human beings (scientific name, Homo sapiens) and chimpanzees (Pan
troglodytes) lived between 5 and 10 million years ago, based on fossil and genetic evidence.
What was this common ancestor, and how would we distinguish it in the fossil record?

We can predict some of our common ancestor’s traits by looking at traits both humans and
chimps currently share. For example, humans and chimps have the same dental formula—
2/2, 1/1, 2/2, 3/3 (2 incisors, 1 canine, 2 premolars and 3 molars on each side of both upper
and lower jaws). Humans and chimps apparently inherited this dental formula from our
common ancestor without modification; therefore, the common ancestor probably had this
same dental formula. Traits shared among species and their common ancestors are called
synapomorphic traits. On the other hand, traits unique to one of the two species—
bipedalism or upright walking in humans, for example—are unlikely to be shared by the
common ancestor. Such unique traits are called derived.

Consider, for example, the fossil species Ardipithecus ramidus (above, left; also called
“Ardi”). This ape walked upright—pelvis and pelvic muscle attachments allow the knee
to swing underneath the body as in humans, unlike all other apes; and the hand and wrist
are too fragile to support knuckle walking and lack other adaptive traits required for travel
on four limbs. However, its arms are much longer than a human’s relative to its height,
and its relative brain size is much smaller than modern humans’. And its big toe can be
positioned either straight ahead, like a human’s, or out to the side, like a chimp’s. So Ardi
looks kind of like a combination of a human and a chimp, having characteristics of both
(Suwa et al., 2009; White et al., 2009). Is Ardi our common ancestor with the chimpanzees?

Synapomorphic characters help us answer that question. Ardi has many traits in common
with us and chimps—the same dental formula, for example (above right). However, she has
one obvious derived trait characteristic of humans—Ardi was a competent upright walker.
Therefore, by the logic above, she is unlikely to be our common ancestor with chimps.
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Given that Ardi has a derived trait in common with humans, she is likely to be one of our
ancestors (or closely related to it), but to have evolved after the common ancestor between
chimps and humans (called the CLCA; see above figure). So, what is that common ancestor,
and from what did it evolve? We explore that in thie following exercise.

4 Evolution of human salivary amylase

In this exercise, we will analyze a study of natural selection operating in humans. The research is
summarized in Box 3. Study that information and then answer the questions that follow.

Box 3: Evolution of human salivary amylase

Background: In prehistory, people obtained food primarily by hunting and gathering. Very
little of the available food contained starch. Then, about 10,000 we began cultivating food
crops. Suddenlly, starch-rich foods became available. One might therefore expect natural
selection to begin favoring efficient starch digestion.

Starch (amylose) is a polysaccharide of glucose monomers. Its digestion begins in the mouth.
Here, α-amylase from salivary glands hydrolyzes covalent bonds between glucose units (Fig.
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Figure 2: Steps in starch digestion. Digestion of starch begins in the mouth. Here, salivary α-amylase attacks
α-glycosidic linkages, breaking the starch down into disaccharides called maltose. Starch that makes it to the small
intestine is broken down to maltose by α-amylase from the pancreas. Maltose is then cleaved into two glucose
molecules by maltase. Glucose is finally absorbed through the wall of the small intestine into the bloodstream.

2), producing maltose, a glucose-glucose disaccharide. Maltose is further broken down into
glucose in the small intestine by the enzyme maltase.

In humans, salivary α-amylase is produced by the AMY1 gene on chromosome 1. Genetic
studies have shown that people can have anywhere from two to 15 copies of the AMY1
gene on each chromosome 1, suggesting that the gene has been duplicated during human
evolution.

Research question: Did natural selection favor gene duplication of AMY1 in human
history?

Hypothesis: Perry et al. (2007) hypothesized that, in areas where starch-rich foods are
staples, individuals with multiple copies of the AMY1 gene have an advantage over those
with only a few. If this hypothesis is correct, then we expect people descended from an-
cestors who ate lots of starch to have more copies of the AMY1 gene than people living in
populations lacking starch-rich foods.

Study design: Perry et al. (2007) analyzed DNA collected from two groups of people. The
first group consisted of populations with historically high-protein, low-starch diets, such as
hunter-gatherers living in the rainforests or near the Arctic Circle. The other group consisted
of populations from agricultural societies and hunter-gatherers living in arid environments,
which traditionally eat high-starch foods. The researchers measured the number of copies
AMY1 in individuals from these different populations.
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Results: The following 2 figures summarize the results:

• (Left): A scatter plot relating the amount of salivary amylase (AMY1 protein) to
the number of copies of the AMY1 gene in 25 people studied by Perry et al. (2007).
The line is a regression line; it represents the “best fit” to the data, assuming the
relationship between dependent and independent variables is linear.

• (Right): A bar plot comparing the mean number of AMY1 gene copies in 2
populations—one with a high-starch diet and one with a low-starch diet. Error bars
represent standard errors of the means, and the asterisk shows the results of the statis-
tical test. (See BioSkill 3, starting on page 24 of your textbook, for help interpreting
the graph.)

1. Refer to the left-hand figure in Box 3 to answer the questions below.

(a) What is the independent variable in that figure?

(b) What is the dependent variable in that figure?

(c) What is that figure’s “punchline?” Write your answer in the space provided in Canvas.

2. Refer to the right-hand figure of Box 3. In the space below, explain what we can conclude
from this figure. Be sure to interpret the statistical result thoroughly.
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