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1.1 Scientific Ways of Thinking
• Describe the role of a scientist.
• Describe what is meant by "thinking like a scientist."

What was that noise?
If you let your emotions rule your thinking, you might think a thumping noise was a ghost. If you think like a
scientist, however, you ask questions and make observations. You’d observe the shutters are loose and blowing in
the wind.
Scientific Ways of Thinking

Modern science is a way of understanding the physical world, based on observable evidence, reasoning, and repeated
testing. That means scientists explain the world based on their own observations. If they develop new ideas about
the way the world works, they set up a way to test these new ideas.
Thinking Like a Scientist

How can you think like a scientist? Thinking like a scientist is based on asking and answering questions. Though
you may not know it, you do this all day long. Scientists ask questions, and then make detailed observations to try
to ask more specific questions and develop a hypothesis. They may design and perform an experiment to try to
answer their question. From the results of their experiment, scientists draw conclusions.
• Scientists ask questions: The key to being a great scientist is to ask questions. Imagine you are a scientist in
the African Congo. While in the field, you observe one group of healthy chimpanzees on the north side of the
jungle. On the other side of the jungle, you find a group of chimpanzees that are mysteriously dying. What
questions might you ask? A good scientist might ask the following two questions:
2
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1. "What differs between the two environments where the chimpanzees live?"
2. "Are there differences in behavior between the two groups of chimpanzees?"

• Scientists make detailed observations: To observe means to watch and study attentively. A person untrained
in the sciences may only observe, "The chimps on one side of the jungle are dying, while chimps on the other
side of the jungle are healthy." A scientist, however, will make more detailed observations. Can you think of
ways to make this observation more detailed? What about the number of chimps? Are they male or female?
Young or old? What do they eat? A good scientist may observe, "While all seven adult females and three adult
males on the north side of the jungle are healthy and show normal behavior, four female and five male chimps
under the age of five on the south side have died." Detailed observations can ultimately help scientists design
their experiments and answer their questions. From these observations, a scientist will develop a hypothesis
to explain the observations. A hypothesis is the scientist’s proposed explanation for his observations. The
scientist’s hypothesis may be that "Young chimps on the south side die due to a lack of nutrients in their diet."

FIGURE 1.1
An adult and infant chimpanzee (Pan
troglodytes).

• Scientists find answers using tests: When scientists want to answer a question, they search for evidence
using experiments. An experiment is a test to see if their explanation is right or wrong. Evidence is made up
of the observations a scientist makes during an experiment. To study the cause of death in the chimpanzees,
scientists may give the chimps nutrients in the form of nuts, berries, and vitamins to see if they are dying from
a lack of food. This test is the experiment. If fewer chimps die, then the experiment shows that the chimps
may have died from not having enough food. This is the evidence.
• Scientists question the answers: Good scientists are skeptical. Scientists never use only one piece of evidence
to form a conclusion. For example, the chimpanzees in the experiment may have died from a lack of food,
but can you think of another explanation for their death? They may have died from a virus, or from another
less obvious cause. More experiments need to be completed before scientists can be sure. Good scientists
constantly question their own conclusions. They also find other scientists to confirm or disagree with their
evidence.
3
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Vocabulary

• Experiment: a test or procedure that is designed to answer a question.
• Evidence: the observations a scientist makes during an experiment.
• Hypothesis: a statement that tries to explain the observation that the experiment was designed to answer. It
is usually stated in an "If...then..." statement. It can also be considered a cause and effect relationship.
• Observe: to watch and study attentively.
Summary

• Modern science is a way of understanding the physical world, based on observable evidence, reasoning, and
repeated testing.
• To think like a scientist, you must ask questions, make detailed observations, develop a hypothesis, find
answers using tests, and question your answers.
Explore More

Use the resource below to answer the questions that follow.
• Understanding Science at http://undsci.berkeley.edu/article/scienceflowchart
1. Once an experiment has been conducted and the results analyzed, what 4 possible responses are there when
interpreting the data?
2. How does "peer review" fit into the scientific process? Why is it so important?
3. In the flowchart, what 5 processes are involved in "Exploration and Discovery"? Do you think any one of
these processes is more important than the others? Explain your reasoning.
Review

1.
2.
3.
4.

4

What is modern science?
How do you think scientifically?
What does it mean "to observe"?
What is a hypothesis?
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1.2 Scientific Investigation
•
•
•
•

Define and describe the scientific method.
Summarize the characteristics of a scientific hypothesis.
Develop a scientific hypothesis.
Explain the importance of communicating results.

How do scientists obtain new knowledge?
All the information in textbooks had to come from somewhere. In the sciences, new information about the natural
world is a result of scientific investigations. These investigations are shaped by the scientific method.

Scientific Method

The scientific method is a process used to investigate the unknown ( Figure below). It is the general process of a
scientific investigation. This process uses evidence and testing. Scientists use the scientific method so they can find
information. A common method allows all scientists to answer questions in a similar way. Scientists who use this
method can reproduce another scientist’s experiments.
Almost all versions of the scientific method include the following steps, although some scientists do use slight
variations.
1.
2.
3.
4.
5.
6.

Ask a question based on observations you have made.
Find out what is already known about your observation ( background research).
Form a hypothesis.
Test the hypothesis.
Analyze your results and draw conclusions.
Communicate your results.

5
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FIGURE 1.2
Steps of a Scientific Investigation. Typically, these are the steps found.

Ask Questions Based Upon Observations

Imagine that you are a scientist. While collecting water samples at a local pond, you notice a frog with five legs
instead of four ( Figure below). As you start to look around, you discover that many of the frogs have extra limbs,
extra eyes, or no eyes. One frog even has limbs coming out of its mouth. These are your observations, or things
you notice about an environment using your five senses.
The next step is to ask a question about the frogs. You may ask, "Why are so many frogs deformed?" Or, "Is
there something in their environment causing these defects, like water pollution?" Yet, you do not know if this large
number of deformities is "normal" for frogs. What if many of the frogs found in ponds and lakes all over the world
have similar deformities? Before you look for causes, you need to find out if the number and kind of deformities is
unusual. So besides finding out why the frogs are deformed, you should also ask: "Is the percentage of deformed
frogs in this pond greater than the percentage of deformed frogs in other places?"

Research Existing Knowledge About the Topic

No matter what you observe, you need to find out what is already known about your questions. For example, is
anyone else doing research on deformed frogs? If yes, what did they find out? Do you think that you should repeat
their research to see if it can be duplicated? During your research, you might learn something that convinces you to
change or refine your question. From this, you will construct your hypothesis.

Construct a Hypothesis

A hypothesis is a proposed explanation that tries to explain an observation. A good hypothesis allows you to make
more predictions. For example, you might hypothesize that a pesticide from a nearby farm is running into the pond
and causing frogs to have extra legs. If that’s true, then you can predict that the water in a pond of non-deformed
6
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FIGURE 1.3
A pond with frogs.

frogs will have lower levels of that pesticide. That’s a prediction you can test by measuring pesticide levels in two
sets of ponds, those with deformed frogs and those with nothing but healthy frogs. Every hypothesis needs to be
written in a way that it can:
1.
2.
3.
4.

Be tested using evidence.
Be proven wrong.
Provide measurable results.
Provide yes or no answers.

For example, do you think the following hypothesis meets the four criteria above? Let’s see. Hypothesis: "The
number of deformed frogs in five ponds that are polluted with chemical X is higher than the number of deformed
frogs in five ponds without chemical X." Of course, next you will have to test your hypothesis.
Test Your Hypothesis

To test the hypothesis, an experiment will be done. You would count the healthy and deformed frogs and measure
the amount of chemical X in all of the ponds. The hypothesis will be either true or false. Doing an experiment will
test most hypotheses. The experiment may generate evidence in support of the hypothesis. The experiment may
also generate evidence proving the hypothesis false. Once you collect your data, it will need to be analyzed.
Analyze Data and Draw a Conclusion

If a hypothesis and experiment are well designed, the experiment will produce results that you can measure, collect,
and analyze. The analysis should tell you if the hypothesis is true or false. Refer to the table for the experimental
results ( Table 1.1).

TABLE 1.1: Deformed Frog Data
Polluted Pond

Number of Deformed
Frogs

Non-Polluted Pond

Number of Deformed
Frogs
7
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TABLE 1.1: (continued)
Polluted Pond
1
2
3
4
5
Average:

Number of Deformed
Frogs
20
23
25
26
21
23

Non-Polluted Pond
1
2
3
4
5
Average:

Number of Deformed
Frogs
23
25
30
16
20
22.8

Your results show that pesticide levels in the two sets of ponds are different, but the average number of deformed
frogs is almost the same. Your results demonstrate that your hypothesis is false. The situation may be more
complicated than you thought. This gives you new information that will help you decide what to do next. Even
if the results supported your hypothesis, you would probably ask a new question to try to better understand what is
happening to the frogs and why.

Drawing Conclusions and Communicating Results

If a hypothesis and experiment are well designed, the results will indicate whether your hypothesis is true or false. If
a hypothesis is true, scientists will often continue testing the hypothesis in new ways to learn more. If a hypothesis
is false, the results may be used to come up with and test a new hypothesis. A scientist will then communicate
the results to the scientific community. This will allow others to review the information and extend the studies.
The scientific community can also use the information for related studies. Scientists communicate their results in a
number of ways. For example, they may talk to small groups of scientists and give talks at large scientific meetings.
They will also write articles for scientific journals. Their findings may also be communicated to journalists.
Once you have finished the entire experiment, including all the trials and data collection, you need a statement
or conclusion to offer up your opinions and sum up the results. If you conclude that frogs are deformed due to a
pesticide not previously measured, you would publish an article and give talks about your research. Your conclusion
could eventually help find solutions to this problem.

Discovering the Scientific Method

A summery video of the scientific method, using the identification of DNA structure as an example, is shown in this
video by MIT students: https://www.youtube.com/watch?v=5eDNgeEUtMg .

Vocabulary

Conclusion: a statement that offers an opinion or summary of the results of an experiment.
Experiment : a test or procedure that is designed to answer a question.
Evidence: the observations a scientist makes during an experiment.
Hypothesis: a statement that tries to explain the observation that the experiment was designed to answer.
It is usually stated in an "If...then..." statement. It can also be considered a cause and effect relationship.
• Observation: things you notice about an environment using your five senses.
• Scientific method: a process used to investigate the unknown.

•
•
•
•

8
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Summary

• To study new problems, scientists use the scientific method; this includes making observations, forming a
hypothesis, designing an experiment, and drawing conclusions.
Explore More

Use the resource below to answer the questions that follow.
• Control Variables at http://www.youtube.com/watch?v=hjCvIbYoi-w (7:05)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57464

1.
2.
3.
4.

What is the difference between a dependent and an independent variable?
How many dependent variables do you want in an experiment?
What are control variables?
Why are control variables important?

Review

1. What steps are usually included in the scientific method?
2. What are the features of a good hypothesis?
3. Why is it important for a scientist to communicate the results and conclusions of a study?

9
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1.3 Experimental Design

FIGURE 1.4

So how do you complete an experiment?

We’ve looked at Scientific Ways of Thinking and Scientific Investigations so we have a general idea as to how to
conduct an experiment. Now let’s take a closer look at some specifics.
Experimental Design

There are key components that need to be taken into consideration when you are designing an experiment. They
include:
1.
2.
3.
4.
5.
6.
7.
8.
9.

The Problem as stated in the Title of the Experiment
Hypothesis
Variables: Independent (IV) Dependent (DV)
Constants
Control
Repeated Trials
Observations and Data
Graphs: Visual Representation of Data
Conclusion

Let’s look a little closer at each of the above components.
The Problem as stated as the Title of the Experiment

Every experiment starts with a questioning of a problem. "Why are Chimps dying in a certain part of Africa?" The
title of the experiment not only needs to tell what the experiment is about but also what the scientist is manipulating
10
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and the data that will be collected. Although the title is first, it will be easier to write once you’ve determined the
independent variable (IV) and the dependent variable (DV). There is a format that titles adhere to so that people
reading it will have a good idea as to what the experiment is about. This format is:
The Effect of (the Independent Variable -IV) on the (Dependent Variable - DV)
The title also acts a purpose for the experiment. Notice that the title adheres to English standards. Each word that
is more than three letters is capitalized. The first word is capitalized, too, regardless of how long it is.

Hypothesis

The hypothesis is a suggested reason for why something that has been observed happens. Another way to explain
a hypothesis is that it is an educated guess about why things are happening. It is important to note that it is not
important whether the hypothesis is "right" or "wrong". You are not looking for results that support the hypothesis.
Instead, the hypothesis helps us to understand the experiment and all the results that we obtain. In order for a
hypothesis to work in a scientific experiment, it must be something that can be tested. Most hypothesis are written
as an "If...then..." statement.
If the (Independent Variable - IV) changes, then the (Dependent Variable - DV) will (increase or decrease or
something else that you can test).

FIGURE 1.5
A hypothesis is a possible explanation for
an observation made.

Variables

Variables are any factor, trait, or condition that can exist in differing amounts or types. Variables are used to test a
scientific question or hypothesis. Science experiments have two main types of variables: independent and dependent
variables. They go hand in hand to determine a truth for the experiment. Another way to look at the independent
and dependent variable is cause and effect. The experiment is designed so that changes in one item cause something
else to change in a predictable way.
11
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Independent Variable

The independent variable (IV) is the variable that I, the investigator, change. A good experiment only has one IV.
This is so the scientist can be sure that the one IV is the only thing that caused the change that has been observed.
As the IV is changed the scientist needs to observe what happens. The IV is the cause that affects the DV.

Dependent Variable

The dependent variable (DV) is the variable that changes because of the independent variable. It is what is
measured. Another way to say this is that the DV is the data collected. It is what the experimenter measures. This
is what the scientist is observing. The DV is the effect that was caused by the IV.

FIGURE 1.6
The independent variable is the one that
I the Investigator change. The dependent
variable is the data that is collected.

Constants

The constants are the things that stay the same for the experiment. This is to ensure that the only change seen is
caused by the IV. The constant is sometimes referred to as the controlled variable. For example, let’s say we are
testing which diet supplement will cause the most weight loss. Things that you want to keep the same include: the
same amount of supplement used at the same time, the same amount and intensity of exercise, the same amount and
type of food eaten with the supplement, the same amount of sleep each participant got, etc. The ONLY thing that
should be different is the actual IV, in this case, the type of supplement.

Control

The control is what the investigator compares the data obtained from each experimental level. Many times there is
not a true control especially in life science. In this case, the investigator can chose one condition as the control. In
most of these cases, the control would be what is the usual in a natural situation.
12
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FIGURE 1.7
What is a constant?

FIGURE 1.8
Shown above is a series of conditions to
test how each substance affects a lemon
over time. But how do we know which
change is the one we are looking for?
We compare it to the control which is a
lemon by itself. Now we can tell how each
substance (salt, sugar, vinegar, rosemary,
and water) affect the lemon.

Repeated Trials

You complete an experiment once. How do you know the result is correct? What if you made a mistake and didn’t
notice it? What if that once in a lifetime event occurs? This is where repeated trials comes in. Completing an
experiment once is completing one trial. Repeated trials occur when the experiment is repeated multiple times.
The more times a trial is completed the more accurate the results are. A good experiment usually includes 3 - 5
trials.

Observation and Data

So where do we put all the observations and data we have collected? Before you begin your trials, you will want to
make sure you have a place to put your data and/or observations. This is the place you put all of your raw data, data
that hasn’t been analyzed yet. Any data collected can also be considered an observation.
13
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FIGURE 1.9
Egads...at least we have trials from earlier...

FIGURE 1.10
This is an example of a data chart. Be
sure to include the conditions and a place
for each trial.

Graphs: Visual Representation of Data

Graphs and charts are important because they communicate data in a visual way. It can make relationships easier to
notice than when the data is in its original form. A well done graph or chart can increase interest in your experiment.
There are different types of graphs which are used for different reasons. The two most used in science are:
Bar Graph: This is used when you are comparing two different categories to each other or to compare information
collected by counting or calculating.

FIGURE 1.11
This bar graph is colorful and draws the
eye to the data presented. By looking at
data visually, it is easier to see relationships between the conditions tested. It
is easy to see the comparison between
different types of fertilizers.

14
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Line Graph: This is used to show change over time.

FIGURE 1.12
This line graph shows what happens over
time. Again the use of color adds impact
to your results.

Look at the two graphs above. What do you notice about them? What do they have? Each graph needs to have
certain information so that others know what they are looking at. This is what is needed:
• Title: The scientific format for the title is "The Effect of the IV on the DV". Use capital letters to start the
first word and every other word that 4 letters or more.
• The x and y-axis both need titles. The x-axis (the horizontal one that goes across the page from left to right)
is title with the IV. The y-axis (the vertical one that goes from the top of the page to the bottom) is labeled
with the DV.
• Every space (interval) on the x-axis should represent the same amount and every interval on the y-axis should
represent the same amount.
• Use a ruler so that lines are straight when you are creating graphs are hand created.
Conclusion

We started with an observation that led to a question. We conducted an experiment to try to find an answer. We
repeated the experiment 3 - 5 times to have more accurate results. We took our raw results and made the proper
graph for our information. Now it is time to write the conclusion. It should be clear, concise and stick to the point.
To write an effective conclusion, follow these steps:
•
•
•
•

State the purpose of your experiment. Your title will help with this.
State the hypothesis using the same "If...then..." statement you used earlier in the experiment.
State whether the hypothesis was was supported by the data or not supported (refuted) by the data.
Explain how the results either supported the hypothesis or did not support they hypothesis. Look at your
data and include actual data in this discussion. For example, "As the time increased from 2 seconds to 4
seconds, the amount of ATP increased from 16 molecules to 48 molecules. This show that the molecules
of ATP increase with more time just as the hypothesis stated." Or "As time increased from 2 seconds to 4
seconds, the amount of ATP increased from 16 molecules to 48 molecules. This shows that the molecules of
ATP increase with more time. This is the opposite of what was written in the hypothesis."
• Explain sources of error that could have given you an incorrect result. Examples could be things like being
unfamiliar with the equipment used, the stop watch not stopping when you pressed it, or becoming tired and
unable to continue running at the same intensity throughout the experiment.
15

1.3. Experimental Design

www.ck12.org

• Finally, state the conclusion of the experiment. "I conclude that as time is increased, then the number of
molecules of ATP produced with increase as well."

FIGURE 1.13
The conclusion is a written paragraph to
explain what you have found.

Vocabulary

• Bar Graph: This graph is used to compare different categories or data collected by counting or calculation.
• Conclusion: a statement that offers an opinion or summary of the results of an experiment.
• Constant: These are the things that need to remain the same in order to make sure any changes noted came
from the IV and only the IV.
• Control: This is what the data is compared to. In many cases in life science, this is the normal life condition.
• Dependent Variable: This is the variable that changes because of the IV. It is the data that is collected.
• Hypothesis: a statement that tries to explain the observation that the experiment was designed to answer. It
is usually stated in an "If...then..." statement. It can also be considered a cause and effect relationship.
• Independent Variable: This is the variable that I the investigator change.
• Line Graph: a graph that is used to show change over time
• Repeated Trials: completing the experiment between 3 and 5 times to increase accuracy.
• Variable: any factor, trait or condition that can exist in differing amounts or types.

Summary

• Experimental Design deals with how one goes about answering a question in science by conducting an
experiment.
• There are multiple steps involved in this process: titling the experiment, creating a hypothesis, determining
the variables (both IV and DV), determining constants, finding a control to compare data back to, repeating
trials, making observations and collecting data, determining the type of graph to use, and finally writing the
conclusion.
16

www.ck12.org

Chapter 1. Scientific Investigation, Safety and Microscopes

Practice

Use the resource below to answer the questions that follow.
• Experimental Design in Science: Definition Method at https://www.youtube.com/watch?v=7q8acfBx5to
(4:20)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/149804

1.
2.
3.
4.

What is the scientific method?
What are the 3 rules of a science experiment?
What’s a theory?
What’s a law?

Review

1.
2.
3.
4.

What is important about a title and how is it supposed to be written?
Explain what a hypothesis is. Are you supposed to change it if you find its wrong after the experiment?
Explain what the two primary variables are and how they interact.
Why would you use a visual representation of your data? What types of visual representations can you use?

17
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1.4 Safety in the Life Sciences
• Recognize the types of hazards that a scientist faces.
• Describe laboratory safety guidelines that minimize potential risks.

What does this sign mean?
If a substance is corrosive, it can eat through objects. Many scientists have to work with chemicals that are corrosive
or otherwise dangerous. That’s one reason that following safety precautions in the laboratory or field is very
important.
Safety in the Life Sciences

There can be some very serious safety risks in scientific research. If researchers are not careful, they could poison
themselves or contract a deadly illness. The kinds of risks that scientists face depend on the kind of research they
perform. For example, a scientist working with bacteria in a laboratory faces different risks than a scientist studying
the behavior of lions in Africa, but both scientists must still follow safety guidelines. Safety practices must be
followed when working with the hazardous things such as parasites, radiation and radioactive materials, toxins, and
wild animals. Also, carcinogens, which are chemical that cause cancer, and pathogens, which are disease-causing
virus, bacteria or fungi are extremely hazardous and extreme care must be used when working with these items as
18
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well. For example, scientists studying dangerous organisms such as Yersinia pestis, the cause of bubonic plague, use
special equipment that helps keep the organism from escaping the lab.
A biohazard is any biological material that could make someone sick, including disease-causing organisms. Therefore, a used needle is a biohazard because it could harbor blood contaminated with a disease-causing organism.
Bacteria grown in a laboratory are also biohazards if they could potentially cause disease.

FIGURE 1.14
Science laboratory safety and chemical
hazard signs.

Laboratory Safety

If you perform an experiment in your classroom, your teacher will explain how to be safe. Professional scientists
follow safety rules as well, especially for the study of dangerous organisms like the bacteria that cause bubonic
plague ( Figure 1.15).
Sharp objects, chemicals, heat, and electricity are all used at times in laboratories. Below is a list of safety guidelines
that you should follow when in the laboratory:
•
•
•
•
•
•
•

No horse play or running around in the lab.
Be sure to obey all safety guidelines given in lab instructions and by your teacher.
Follow directions carefully.
Tie back long hair.
Wear closed toe shoes with flat heels and shirts with no hanging sleeves, hoods, or drawstrings.
Use gloves, goggles, or safety aprons when instructed to do so.
Broken glass should only be cleaned up with a dust pan and broom. Never touch broken glass with your bare
hands.
• Never eat or drink anything in the science lab. Table tops and counters could have dangerous substances on
them.
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• Be sure to completely clean materials like test tubes and beakers. Leftover substances could interact with other
substances in future experiments.
• If you are using flames or heat plates, be careful when you reach. Be sure your arms and hair are kept far away
from heat.
• Alert your teacher immediately if anything out of the ordinary occurs. An accident report may be required if
someone is hurt. Also, the teacher must know if any materials are damaged or discarded.

FIGURE 1.15
Scientists studying dangerous organisms
such as Yersinia pestis, the cause of
bubonic plague, use special equipment
that helps keep the organism from escaping the lab.

Field Research Safety

Scientists who work outdoors, called field scientists, are also required to follow safety regulations. These safety
regulations are designed to prevent harm to themselves, other humans, animals, and the environment. If scientists
work outside the country, they are required to learn about and follow the laws and restrictions of the country in which
they are doing research. For example, entomologists following monarch butterfly ( Figure 1.16) migrations between
the United States and Mexico must follow regulations in both countries. Before biologists can study protected
wildlife or plant species, they must apply for permission to do so. This is important to protect these fragile species.
For example, if scientists collect rare butterflies, they must first get a permit. They must also be careful to not disturb
the habitat.
Vocabulary

•
•
•
•
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carcinogen: Chemical that can cause cancer.
field scientist: Scientist that works outdoors.
pathogen: Disease causing agent, such as a bacterium, virus, fungus, or protozoan.
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FIGURE 1.16
A monarch butterfly.

Summary

• There are serious risks in scientific research, including carcinogens, biohazards, and toxins.
• You need to carefully follow all safety rules while working in the laboratory.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• FSU Chemistry Lab Safety at http://www.youtube.com/watch?v=hv9imJzZWrY (6:51)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57465

1. Is applying cosmetics in a lab allowed?
2. What should you do if there is an accident?
3. How should you dispose of waste?
Explore More II

• Science Lab Safety Rules at http://www.youtube.com/watch?v=yclOrqEv7kw (2:24)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57466

1. List five lab safety rules covered in the video.
2. What kind of clothing should you wear in a science lab?
3. What should you wear in a science lab that you would not wear usually outside a science lab?
Review

1. What is a biohazard?
2. List three hazards found in scientific research.
3. List three safety guidelines that you should follow in the laboratory.
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1.5 Microscopes
• Describe how microscopes are used in the life sciences.

How can we see the details of cells as small as bacteria?
With the naked eye, bacteria just look like a slimy smear on a petri dish. How can we study them in more detail?
The invention of the microscope has allowed us to see bacteria, cells, and other things too small to be seen with the
naked eye.

The Microscope

Microscopes, tools that you will use in your class this year, are some of the most important tools in biology ( Figure
1.17). A microscope is a tool used to make things that are too small to be seen by the human eye look bigger.
Microscopy is the study of small objects using microscopes. Look at your fingertips. Before microscopes were
invented in 1595, the smallest things you could see on yourself were the tiny lines in your skin. But what else is
hidden in your skin?

Invention of the Microscope

Over four hundred years ago, two Dutch spectacle makers, Zaccharias Janssen and his son Hans, were experimenting with several lenses in a tube. They discovered that nearby objects appeared greatly enlarged, or magnified. This
was the forerunner of the compound microscope and of the telescope.
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FIGURE 1.17
Basic light microscopes opened up a new
world to curious people.

FIGURE 1.18

In 1665, Robert Hooke, an English natural scientist, used a microscope to zoom in on a piece of cork—the stuff that
makes up the stoppers in wine bottles, which is made from tree bark. Inside of cork, he discovered tiny structures,
which he called cells. It turns out that cells are the smallest structural unit of living organisms. This finding eventually
led to the development of the theory that all living things are made up of cells. Without microscopes, this theory
would not have been developed.
24
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FIGURE 1.19

Later, the father of microscopy, Dutch scientist Antoine van Leeuwenhoek taught himself to make one of the
first microscopes. In one of his early experiments, van Leeuwenhoek took a sample of scum from his own teeth
and used his microscope to discover bacteria, the smallest living organism on the planet. Using microscopes, van
Leeuwenhoek also discovered one-celled protists.

FIGURE 1.20
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Types of Microscopes

Some modern microscopes use light, as Hooke’s and van Leeuwenhoek’s did. Others may use electron beams or
sound waves. Researchers now use these four types of microscopes:
1. Light microscopes allow biologists to see small details of a specimen. Most of the microscopes used in
schools and laboratories are light microscopes. Light microscopes use lenses, typically made of glass or
plastic, to focus light either into the eye, a camera, or some other light detector. The most powerful light
microscopes can make images up to 2,000 times larger.
2. Transmission electron microscopes (TEM) focus a beam of electrons through an object and can make an
image up to two million times bigger, with a very clear image.
3. Scanning electron microscopes (SEM) ( Figure 1.21) allow scientists to find the shape and surface texture
of extremely small objects, including a paperclip, a bedbug, or even an atom. These microscopes slide a beam
of electrons across the surface of a specimen, producing detailed maps of the surface of objects.

Vocabulary

cell: The basic unit of life.
light microscope: Tool that uses lenses to focus light in order to make things appear larger.
magnify: Making objects appear larger than they are.
microscope: Tool used to make things that are too small to be seen by the human eye look bigger.
scanning electron microscope (SEM): Tool that sends a beam of electrons across the surface of a specimen,
producing detailed maps of the shapes of objects.
• transmission electron microscope (TEM): Tool that focuses a beam of electrons through an object, magnifying it.
•
•
•
•
•
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FIGURE 1.21
A scanning electron microscope.

Summary

• A microscope is a tool used to make things that are too small to be seen by the naked eye look bigger.
• Types of microscopes include light microscopes, transmission electron microscopes (TEM), scanning electron
microscopes (SEM), and scanning acoustic microscopes.
Explore More

Use the resources below to answer the questions that follow.
• Using a microscope at http://www.youtube.com/watch?v=bGBgABLEV4g (4:01)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57471

1. How should you carry a compound optical microscope?
2. What procedure should you use when seeking to use the most powerful optical lenses?
• Structure and Function of the Electron Microscope at http://www.youtube.com/watch?v=fToTFjwUc5M
(1:49)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57473
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1. How does an electron microscope differ from a light microscope? List all the differences you can think of.
2. What kind of electron microscope is described in this video?
3. How should you carry an electron microscope?
• Scanning Electron Microscope at http://www.youtube.com/watch?v=lrXMIghANbg (5:04)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57474

1. How is the electron beam focused?
2. What part of a specimen does a scanning electron microscope look at?
3. Why is it important that a specimen for an electron microscope be placed in a vacuum? Why is this step
unnecessary for a light microscope?
Review

1. What is the purpose of a microscope?
2. What were the findings of Hooke and van Leeuwenhoek?
3. What are the differences between a light microscope and a scanning electron microscope?
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2.1 The Characteristics of Life
•
•
•
•
•

Define what it means to be living.
Know the five characteristics of living organisms.
Describe the five characteristics shared by all living organisms.
Identify the role of the five characteristics shared by all living organisms.
Summarize in detail the role of each characteristic in life.

Introduction

FIGURE 2.1

What does it mean to be alive?
Scientifically, there is an actual definition of living. Living organisms must have certain characteristics. If they do
not have these characteristics, are they living? This butterfly, like all other insects, animals, plants, and every other
living organism, shares common characteristics with all life. What exactly does it mean to be alive? This chapter will
answer this question. These concepts will serve as an introduction to life science, discussing the basics of studying
the life sciences and addressing the question, "What is a living organism?"
Basic Needs of living organisms

As a reminder, there are five basic needs of all living organisms. They are food, water, air, shelter and space. Every
living creature must have all or some of these needs met every single day to sustain life and continue living.
The Characteristics of Life

How do you define a living thing? What do mushrooms, daisies, cats, and bacteria have in common? All of these
are living things, or organisms. It might seem hard to think of similarities among such different organisms, but they
actually have many properties in common. Living organisms are similar to each other because all organisms evolved
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from the same common ancestor that lived billions of years ago. The study of all the different qualities that make up
life is called Biology.
All living organisms:
1.
2.
3.
4.
5.

Need energy to carry out life processes.
Are composed of one or more cells with DNA.
Respond to stimuli in their environment.
Develop, grow and reproduce.
Maintain a stable internal environment.

Living Things Need Resources and Energy

Why do you eat everyday? To get energy. Energy is the ability to do work. Without energy, you could not do any
"work." Though not doing any "work" may sound nice, the "work" fueled by energy includes everyday activities,
such as walking, writing, and thinking. But you are not the only one who needs energy. In order to grow and
reproduce and carry out the other process of life, all living organisms need energy. But where does this energy come
from?
The source of energy differs for each type of living thing. In your body, the source of energy is the food you
eat. All the chemical activities that an organism performs during it’s daily life, including energy production, is
it’s metabolism. Here is how animals, plants, and fungi obtain their energy:
• All animals must eat in order to obtain energy. Animals also eat to obtain building materials. They produce
energy through Cellular Respiration, a process of converting oxygen and glucose (food) into carbon dioxide
and energy.
• Plants don’t eat. Instead, they use energy from the sun to make their "food" through the process of Photosynthesis.
• Mushrooms and other fungi obtain energy from other organisms. That’s why you often see fungi growing on
a fallen tree; the rotting tree is their source of energy ( Figure 2.2).
Since plants harvest energy from the sun and other organisms get their energy from plants, nearly all the energy of
living things initially comes from the sun.

FIGURE 2.2
Orange bracket fungi on a rotting log in the Oak Openings Preserve in
Ohio. Fungi obtain energy from breaking down dead organisms, such as
this rotting log.

Living Things Are Made of Cells with DNA

If you zoom in very close on a leaf of a plant, or on the skin on your hand, or a drop of blood, you will find cells,
you will find cells ( Figure 2.3). Cells are the smallest structural and functional unit of living organisms. Most cells
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are so small that they are usually visible only through a microscope. Some organisms, like bacteria, plankton that
live in the ocean, or the Paramecium shown in Figure 2.4 are made of just one cell. Other organisms have millions,
billions, or trillions of cells.
All cells share at least some structures. The nucleus is clearly visible in the blood cells ( Figure 2.3). The nucleus
can be described as the "information center," containing the instructions ( DNA) for making all the proteins in a
cell, as well as how much of each protein to make. The nucleus is also the main distinguishing feature between the
two general categories of cell. Although the cells of different organisms are built differently, they all have certain
general functions. Every cell must get energy from food, be able to grow and divide, and respond to its environment.
More about cell structure and function will be discussed in additional concepts.

FIGURE 2.3
These cells show the characteristic nucleus. A few smaller cells are also visible. This image has been magnified 1000
times its real size.

FIGURE 2.4
This Paramecium is a single-celled organism.
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Living Organisms Respond to Stimuli in their Environment

All living organisms are able to react to something important or interesting in their external environment. For
example, living organisms constantly respond to various forms of stimuli in their environment. They respond
to changes in light, heat, sound, and chemical and mechanical contact. Organisms have means for receiving
information, such as eyes, ears, taste buds, or other structures.

Living Things Develop, Grow and Reproduce

In the process of carrying out the activities of life, organisms start to develop and grow bigger. Some necessary
activities like digestion, the process of breaking down food so it can be used, and excretion, the process of removing
waste products, are critical to the development, health and well being of the organism.
All living things reproduce to make the next generation. Organisms that do not reproduce will go extinct. As a
result, there are no species that do not reproduce ( Figure 2.5). Some organisms reproduce asexually ( asexual
reproduction), especially single-celled organisms, and make identical copies of themselves. Other organisms
reproduce sexually ( sexual reproduction), combining genetic information from two parents to make genetically
unique offspring.

FIGURE 2.5
Like all living things, cats reproduce to
make a new generation of cats.

Living Things Maintain Stable Internal Conditions

When you are cold, what does your body do to keep warm? You shiver to warm up your body. When you are too
warm, you sweat to release heat. When any living organism gets thrown off balance, its body or cells help it return
to normal. In other words, living organisms have the ability to keep a stable internal environment. Maintaining
a balance inside the body or cells of organisms is known as homeostasis. Like us, many animals have evolved
behaviors that control their internal temperature. A lizard may stretch out on a sunny rock to increase its internal
temperature, and a bird may fluff its feathers to stay warm ( Figure 2.6).
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FIGURE 2.6
A bird fluffs its feathers to stay warm and
to maintain homeostasis.

Vocabulary

• Asexual Reproduction: the ability of plants and single-celled organisms to make identical copies of themselves without another organism present.
• Biology: the study of all the different qualities that make up life.
• Cellular Respiration: a process of converting oxygen and glucose (food) into carbon dioxide and energy.
• Digestion: the process of breaking down food so it can be used.
• Excretion: the process of removing waste from the organism.
• Homeostasis: maintaining a balance inside the body or cells of organisms.
• Metabolism: all the chemical activities that an organism performs during it’s daily life.
• Organism: a type of living thing.
• Reproduce: process where organisms produce offspring to make the next generation.
• Sexual Reproduction: combining genetic information from two parents to make genetically unique offspring.
Summary

• Living things are called organisms.
• All living organisms need energy to carry out life processes, are composed of one or more cells, respond to
their environment, grow, reproduce, and maintain a stable internal environment.
Explore More

Use the resource below to answer the questions that follow.
• Characteristics of Life at http://www.youtube.com/watch?v=gJd65_Xrxs4 (3:15)
1.
2.
3.
4.

What are cell products? Do you think they should be included in characteristics of life? Why or why not?
Are all responses to the environment immediately obvious? Be specific and explain your reasoning.
Explain the concept of homeostasis. Give an example.
At what level does life evolve?

Review

1. Is a crystal alive? Why or why not?
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2. What is a cell?
3. What is homeostasis?
4. What are the two forms of reproduction? Describe the examples in your response.
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2.2 Levels of Organization of Life
Cellular levels of organization

Cells and organelles are made of biochemical molecules. These include nucleic acids and proteins. Molecules, in
turn, are made of atoms. Figure below shows these different levels of organization in living things.

FIGURE 2.7

Cells

A cell is the smallest functional unit of life. All living cells have certain things in common. All cells can perform the
same basic functions. For example, all cells can use energy, respond to their environment, and reproduce. However,
cells may also have special functions. Multicellular organisms such as you have many different types of specialized
cells. Each specialized cell has a particular job. Cells with special functions generally have a shape that suits them
for that job.
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Figure 2.8 shows four examples of specialized cells. Each type of cell in the figure has a different function. It also
has a shape that helps it perform that function.
• The function of a nerve cell is to carry messages to other cells. It has many long “arms” that extend outward
from the cell. The "arms" let the cell pass messages to many other cells at once.
• The function of a red blood cell is to carry oxygen to other cells. A red blood cell is small and smooth. This
helps it slip through small blood vessels. A red blood cell is also shaped like a fattened disc. This gives it a lot
of surface area for transferring oxygen.
• The function of a sperm cell is to swim through fluid to an egg cell. A sperm cell has a long tail that helps it
swim.
• The function of a pollen cell is to pollinate flowers. The pollen cells in the figure have tiny spikes that help
them stick to insects such as bees. The bees then carry the pollen cells to other flowers for pollination.

FIGURE 2.8
Examples of specialized cells include (a)
nerve cells, (b) red blood cells, (c) sperm
cells, and (d) pollen cells

• Specialized cells may be organized into tissues. A tissue is a group of cells of the same kind that performs the
same function. For example, muscle cells are organized into muscle tissue. The function of muscle tissue is
to contract in order to move the body or its parts.
• Tissues may be organized into organs. An organ is a structure composed of two or more types of tissue that
work together to do a specific task. For example, the heart is an organ. It consists of muscle, nerve, and other
types of tissues. Its task is to pump blood.
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• Organs may be organized into organ systems. An organ system is a group of organs that work together to
do the same job. For example, the heart is part of the cardiovascular system. This system also includes blood
vessels and blood. The job of the cardiovascular system is to transport substances in blood to and from cells
throughout the body.
• Organ systems are organized into the organism. The different organ systems work together to carry out all the
life functions of the individual. For example, cardiovascular and respiratory systems work together to provide
the individual with oxygen and rid it of carbon dioxide.

FIGURE 2.9

As you can see in Figure above , living things also have levels of organization higher than the cell. These higher
levels are found only in multicellular organisms with specialized cells
• A group of organisms belonging to the same species living in the same area at the same time is called a
population. For example, all the rock fish living together in a specific area in the pacific ocean are called a
population.
• Various populations found in the same area that interact are called a community. For example, all the living
organisms in a specific area in the pacific ocean such as a population of rock fish, population of sea grass,
population of jelly fish and a population of red rock crabs are a community.
• A community of biotic or living factors (plants, animals, microbes) interacting with the abiotic or non-living
factors (soil, sun, rocks, wind) or its environment is called an ecosystem. So to our pacific ocean community
listed above add the water, rocks, sand and you have an ecosystem.
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• The next level is called a biome. This is a major community of plants and animals with similar life forms
and environmental conditions. It includes various communities. Biomes exist on both land and in the water.
Examples of biomes include the rainforest, desert, alpine, deciduous forest, freshwater (ponds, lakes) and salt
water (oceans, estuaries).
• The final level of organization on Earth is the biosphere. This includes all the biomes. These are all areas
where life can be found on the earth (ecosphere), above the earth (atmosphere), in the water (hydrosphere)
and under the earth in the rock and soil (lithosphere). In other words, a biosphere is everywhere life can exist.

FIGURE 2.10
The Biosphere

Vocabulary

•
•
•
•
•
•
•
•
•
•

Biome: a major community of plants and animals with similar life forms and environmental conditions
Biosphere: all areas where life can be found on the earth
Cell: the smallest functional unit of life
Community: all the living organisms in a specific area
Ecosystem: A community of biotic or living factors interacting with the abiotic or non-living factors or its
environment
Organ: a structure composed of two or more types of tissue that work together to do a specific task
Organ System: a group of organs that work together to do the same job
Organism: a living thing that can function on its own
Population: A group of organisms belonging to the same species living in the same area at the same time
Tissue: a group of cells of the same kind that performs the same function

Lesson Summary

• Cells may be specialized for different functions. They generally have a shape that suits their function.
• In multicellular organisms, specialized cells may be organized into tissues. Tissues may be organized into
organs, and organs may be organized into organ systems. Organ systems work together to carry out all the
functions of the whole organism.
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• Organisms can be organized. A group of the same organism is called a population. Several different populations found in the same area that interact are called a community. All the living (biotic) and non-living (abiotic)
things found in the same location is called an ecosystem. A large area which shares the same environmental
conditions is called a biome. All the biomes on earth, all the places on earth where life can be found is called
a biosphere.
Lesson Review Questions

• Use examples to show how cell shape relates to cell function.
• Apply the levels of organization of an organism to a human being. List the levels of organization in order from
the atom to the biosphere, and give an example at each level.
Explore More

This brief video covers up to the organism level. After watching, please answer the questions that follow.
• Levels of Organization at https://www.youtube.com/watch?v=ZRFykdf4kDc (2:29)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/148791

1.
2.
3.
4.

What do a group of specialized cells form?
What do a group of tissues form?
What do a group of organs make?
What makes up a human?

Explore Even More

This video covers from the most basic part of an organism all the way through the ecosystem.
• Biological Levels of Organization at https://www.youtube.com/watch?v=28ueTHq_fLw (4:40)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/148795

1. What is a population?
2. What is a community?
3. What is an ecosystem?
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3.1 Cell Theory

FIGURE 3.1

Introduction

Cells are the building blocks of life. This is clear from the photo in Figure 3.2. It shows stacks upon stacks of cells
in an onion plant. Cells are also the basic functional units of living things. They are the smallest units that can carry
out the biochemical reactions of life. No matter how different living organisms may be from one another, they all
consist of cells. Moreover, all cells have the same basic parts and processes. Knowing about cells and how they
function is necessary to understanding life itself.

FIGURE 3.2

Discovery of Cells and the Cell Theory

Cells were first discovered in the mid-1600s. The cell theory came about some 200 years later. You can see a
re-enactment of some of the discoveries that led to the cell theory in this video:
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http://www.youtube.com/watch?v=dscY_2QQbKU
Early Observations of Cells

British scientist Robert Hooke first discovered cells in 1665. He was one of the earliest scientists to study living
things under a microscope. He saw that cork was divided into many tiny compartments, like little rooms. (Do the
cells in Figure 3.2 look like little rooms to you too?) Hooke called these "cells" which is the Latin word for "little
room". Cork comes from the inner bark of trees, so what Hooke observed were dead plant cells.
In the late 1600s, Dutch scientist Anton van Leeuwenhoek made more powerful microscopes. He used them to
observe cells of other organisms besides plants. For example, he saw human blood cells and bacterial cells. Over
the next century, microscopes were improved and more cells were observed.
Development of the Cell Theory

By the early 1800s, scientists had seen cells in many different types of organisms. Every organism that was examined
was found to consist of cells. From all these observations, German scientists Theodor Schwann and Matthias
Schleiden drew two major conclusions about cells. They concluded that:
• cells are alive.
• all living things are made of cells.
Around 1850, a German doctor named Rudolf Virchow was observing living cells under a microscope. As he was
watching, one of the cells happened to divide. Figure 3.3 shows a cell dividing, like the cell observed by Virchow.
This was an “aha” moment for Virchow. He realized that living cells produce new cells by dividing. This was
evidence that cells arise from other cells.

FIGURE 3.3
The cell in the middle of this clump of cells
is dividing. It will produce two identical
daughter cells.

The work of Schwann, Schleiden, and Virchow led to the cell theory. This is one of the most important theories in
life science. The cell theory can be summed up as follows:
• All organisms consist of one or more cells.
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• Cells are alive and the site of all life processes.
• All cells come from pre-existing cells.
Vocabulary

• Cell Theory: one of the most important theories in life science that explains where cells
Lesson Summary

• The cell theory states that all organisms consist of one or more cells; cells are alive and the site of all life
processes; and all cells come from pre-existing cells.
Explore More

This video shows how the cell theory came about.
• Cell Theory at https://www.youtube.com/watch?v=dscY_2QQbKU (3:32)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/148799

Lesson Review Questions

• Identify discoveries that led to the cell theory.
• How does the cell theory affect the study of life?
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3.2 Prokaryotic and Eukaryotic Cells

FIGURE 3.4

All cells have certain parts in common. These parts include the cell membrane, cytoplasm, DNA and ribosomes.
Another common trait is that they are microscopic.
• The cell membrane is a thin coat of phospholipids that surrounds the cell. It’s like the “skin” of the cell.
It forms a physical boundary between the contents of the cell and the environment outside the cell. It also
controls what enters and leaves the cell. The cell membrane is sometimes called the plasma membrane.
• Cytoplasm is the material inside the cell membrane. It is a clear jelly like substance that provides support for
the other structures of the cell.
• DNA is a nucleic acid found in cells. It contains genetic instructions that cells need to make proteins.
• Ribosomes are structures in the cytoplasm where proteins are made. It does not have a membrane that
surrounds it.
• Though not a part so to speak, all cells are microscopic.
These five components are found in all cells. They are found in the cells of organisms as different as unicellular
bacteria and multicellular humans.

Prokaryotic and Eukaryotic Cells

Besides the four parts listed above, many cells also have a nucleus. The nucleus of a cell is a structure enclosed by a
membrane that contains the cell’s DNA. Cells are classified in two major groups based on whether or not they have
a nucleus. The two groups are prokaryotic cells and eukaryotic cells.
Prokaryotic cells are single cells that lack a nucleus. The DNA in prokaryotic cells is circular and found in the
cytoplasm, rather than enclosed within a nuclear membrane. All the organisms in the Eubacteria and Archaeabacteria
Domains have prokaryotic cells. No other organisms have this type of cell. The most common prokaryotic cell is
a bacteria. Organisms with prokaryotic cells are called prokaryotes. They are all single-celled organisms, or
unicellular. They were the first type of organisms on the planet. They are still the most numerous organisms today.
You can see a model of a prokaryotic cell in Figure below . The cell in the figure is a bacterium. Notice how it
contains a cell membrane, cytoplasm, ribosomes, and several other structures. However, the cell lacks a nucleus.
The cell’s DNA is circular. It coils up in a mass called a nucleoid that floats in the cytoplasm.
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FIGURE 3.5

Eukaryotic cells are cells that contain a nucleus which means their linear DNA is found inside the nuclear membrane. They are larger than prokaryotic cells. They are also more complex. Living things with eukaryotic cells are
called eukaryotes. All of them belong to the Eukarya Domain. This domain includes protists, fungi, plants, and
animals. Many protists consist of a single cell. However, most eukaryotes have more than one cell, or multicellular.
You can see a model of a eukaryotic cell in Figure below . The cell in the figure is an animal cell.

FIGURE 3.6

The nucleus is an example of an organelle. An organelle is any structure inside a cell that is enclosed by a
membrane. Eukaryotic cells may contain many different organelles. Each does a special job. For example, the
mitochondrion is an organelle that provides energy to the cell. You can see a mitochondrion and several other
organelles in the animal cell in Figure above . Organelles allow eukaryotic cells to carry out more functions than
prokaryotic cells can.
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FIGURE 3.7
These are three different examples of unicellular organisms that exist today.

Why Cells Are So Small

Cells with different functions often vary in shape. They may also vary in size. However, all cells are very small.
Even the largest organisms have microscopic cells. Cells are so small that their diameter is measured in micrometers.
A micrometer is just one-millionth of a meter. Use the sliding scale at the following link to see how small cells and
cell parts are compared with other objects.
http://learn.genetics.utah.edu/content/cells/scale/
Why are cells so small? The answer has to do with the surface area and volume of cells.
• To carry out life processes, a cell must be able to pass substances into and out of the cell. For example, it must
be able to pass nutrients into the cell and waste products out of the cell. Anything that enters or leaves a cell
has to go through the cell membrane on the surface of the cell.
• A bigger cell needs more nutrients and creates more wastes. As the size of a cell increases, its volume increases
more quickly that its surface area. If the volume of a cell becomes too great, it won’t have enough surface area
to transfer all of its nutrients and wastes.
Vocabulary

• Cell Membrane: a thin coat of phospholipids that surrounds the cell, forms a physcial boundary between the
inside and the outside of the cell
• Cytoplasm: a clear jelly like substance that provides support for the other structures of the cell
• DNA: nucleic acids that store an organism’s genetic code
• Eukaryotic Cell: usually a multicellular, though can be unicellular, that has a nucleus
• Nucleus: a place in the cell that is surrounded by a membrane and contains the chromosomes
• Multicellular: organism made of two or more cells
• Organelle: any structure inside a cell that is enclosed by a membrane
• Prokaryotic Cell: a unicellular cell that does not contain a nucleus
• Ribosomes: the only non-membrane covered organelle, it is found in all cells
• Unicellular: organisms that are made up of only one cell
Lesson Summary

• All cells have a cell membrane, cytoplasm, DNA, and ribosomes.
• Cells are either prokaryotic cells, which lack a nucleus, or eukaryotic cells, which have a nucleus.
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Explore More

This video is a fun way to learn about the similarities and differences between prokaryotic and eukaryotic cells.
• Prokaryotes and Eukaryotes at https://www.youtube.com/watch?v=ruBAHiij4EA (5:42)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/148797

Lesson Review Questions

• What are the four basic parts found in all cells?
• Compare and contrast prokaryotic and eukaryotic cells.
• Explain why cells are so small.
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3.3 Cell Membrane
• Describe the roles of the plasma membrane and cytosol.
• Explain the concept of semipermeability.
• Summarize how the plasma membrane separates the cytosol from the outside environment.

Who guards your cells?
Not everything can make it into your cells. Your cells have a plasma membrane that surrounds the cell helps to guard
them from unwanted intruders.
The Plasma Membrane

If the outside environment of a cell is water-based, and the inside of the cell is also mostly water, something has
to make sure the cell stays intact in this environment. What would happen if a cell dissolved in water, like sugar
does? Obviously, the cell could not survive in such an environment. So something must protect the cell and allow
it to survive in its water-based environment. All cells have a barrier around them that separates them from the
environment and from other cells. This barrier is called the plasma membrane, or cell membrane.
The Plasma Membrane

The plasma membrane ( Figure 3.8) is made of a double layer of special lipids, known as phospholipids. The
phospholipid is a lipid molecule with a hydrophilic ("water-loving") head and two hydrophobic ("water-hating")
tails. Because of the hydrophilic and hydrophobic nature of the phospholipid, the molecule must be arranged in a
specific pattern as only certain parts of the molecule can physically be in contact with water. Remember that there is
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water outside the cell, and the cytoplasm inside the cell is mostly water as well. So the phospholipids are arranged
in a double layer (a bilayer) to keep the cell separate from its environment. Lipids do not mix with water (recall that
oil is a lipid), so the phospholipid bilayer of the cell membrane acts as a barrier, keeping water out of the cell, and
keeping the cytoplasm inside the cell. The cell membrane allows the cell to stay structurally intact in its water-based
environment.
The function of the plasma membrane is to control what goes in and out of the cell. Some molecules can go through
the cell membrane to enter and leave the cell, but some cannot. The cell is therefore not completely permeable.
"Permeable" means that anything can cross a barrier. An open door is completely permeable to anything that wants
to enter or exit through the door. The plasma membrane is semipermeable. This means that some things can enter
the cell and some things cannot.
FIGURE 3.8
Plasma membranes are primarily made
up of phospholipids (orange).

The hy-

drophilic ("water-loving") head and two
hydrophobic ("water-hating") tails are
shown. The phospholipids form a bilayer
(two layers). The middle of the bilayer
is an area without water. There can be
water on either side of the bilayer. There
are many proteins throughout the membrane.

Vocabulary

• Cytoplasm: a clear jelly like substance that provides support for the other structures of the cell
• Plasma membrane: a barrier around the cell that separates them from the environment and from other cells
• Phospho lipid: a lipid molecule with a hydrophilic ("water-loving") head and two hydrophobic ("waterhating") tails
• Semipermeable: a membrane that allows some things to enter the cell and some things cannot

Summary

• The plasma membrane is formed by a phospholipid bilayer.
• The plasma membrane controls what moves inside and outside the cell.

Explore More

Use the resource below to answer the following questions.
• The Plasma Membrane at http://www.youtube.com/watch?v=moPJkCbKjBs (5:16)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57347

1.
2.
3.
4.
5.
6.

What makes up the "head" region of a phospholipid? Is it hydrophobic or hyrdrophilic?
What makes up the "tail" region of a phospholipid? Is it hydrophobic or hyrdrophilic?
What happens when you drop a phospholipid in water?
How are phospholipids arranged in a plasma membrane?
What is a glycoprotein? What is one of the uses of glycoproteins?
What is "Brownian movement"? How is this movement related to the cell membrane?

Review

1.
2.
3.
4.
5.

What is the plasma membrane?
Describe a phospholipid.
What are the components of the cytosol?
What is meant by the description of the plasma membrane as “semipermeable”?
What is the difference between the cytosol and the cytoplasm?
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3.4 Cell Nucleus
• Describe the features and function of the cell’s nucleus.
• Define chromosome.
• Explain the role of the nucleolus.

Where is your DNA?
You may know that a criminal can easily leave DNA at a crime scene. How? DNA is found in every cell of your
body. In each cell there is a nucleus, which is home to your DNA. So if a criminal has a cut, and blood is left at the
crime scene, or a hair falls out and is left behind, then DNA will also be left at the scene.

The Nucleus

The nucleus is only found in eukaryotic cells. It contains most of the genetic material, or the DNA ( Deoxy-ribonucleic acid) of the cell. This genetic material inside the nucleus is like a set of instructions. These instructions tell
the cell how to build protein molecules needed for the cell to function properly. The nucleus is surrounded by the
nuclear membrane, a double layer that controls what goes in and out of the nucleus. The nucleus also has holes
embedded in the nuclear membrane. These holes are nuclear pores, and they allow things to flow in and out of the
nucleus.

Chromosomes

Inside of the nucleus, you will find the chromosomes. Chromosomes are individual strands of DNA wrapped around
proteins. They contain genes, or small units of genetic material, that control many of the traits and characteristics
you are born with. Human cells have 46 chromosomes in each cell except the sperm and egg cells (23 each).
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Nucleolus

The nucleus of many cells also contains a central region called the nucleolus. The job of the nucleolus is to build
ribosomes. These ribosomes flow out the nuclear pores into the cytoplasm. Ribosomes are the organelles where
proteins are make in the cytoplasm. See the composition of the nucleus pictured below ( Figure 3.9).

FIGURE 3.9
In eukaryotic cells, the DNA is kept in
the nucleus. The nucleus is surrounded
by a double membrane called the nuclear
envelope. Within the nucleus is the nucleolus.

Vocabulary

•
•
•
•
•
•
•

Chromosomes: individual strands of DNA wrapped around proteins
DNA: nucleic acids that store an organism’s genetic code
Genes: small units of genetic material that control many of the traits and characteristics you are born with
Nucleolus: the job of the nucleolus is to build ribosomes
Nucleus: a place in the cell that is surrounded by a membrane and contains the chromosomes
Nuclear membrane: a double layer that controls what goes in and out of the nucleus
Ribosomes: the only non-membrane covered organelle, it is found in all cells

Summary

• The nucleus contains the genetic material of the cell.
• The genetic material of the cell is found in chromosomes, or DNA wrapped around proteins.
• The nucleolus, which makes ribosomes, is also inside the nucleus.
Explore More

Use the resources below to answer the following questions.
• Nucleus at http://www.youtube.com/watch?v=DMd3mr6rQ2o (2:25)
55

3.4. Cell Nucleus
1. What is chromatin? What molecules make up chromatin?
2. What is the nuclear membrane? What kind of membrane is this membrane?
3. What is the nucleolus? What molecules do you find there?
Review

1.
2.
3.
4.
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What is contained in the nucleus of a cell?
What is a chromosome? Where are chromosomes located?
How many chromosomes do humans have?
What is the function of the nucleolus?
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3.5 Cell Organelles in Plant and Animal Cells
•
•
•
•

List the main organelles found in an eukaryotic cell.
Define the role of a ribosome.
Describe the functions of the mitochondria, endoplasmic reticulum, and Golgi apparatus.
Explain the function of a vesicle, a vacuole, and a lysosome.

Do brain cells have the same internal structures as your other cells?
Yes. Although brain cells look quite different from your other cells, they have the same internal structures as other
cells. They need the same structures because they need to perform the same tasks, such as making proteins and
obtaining energy.
Organelles

Eukaryotic cells have many specific functions, so it can be said that a cell is like a factory. A factory has many
machines and people, and each has a specific role. Just like a factory, the cell is made up of many different parts.
Each part has a special role. The different parts of the cell are called organelles, which means "small organs." All
but one of the organelles listed below has a membrane surrounding it. Eukaryotic cells have many of the organelles
listed below - some found only in plant cells, others found only in animal cells, and many in both types of cells.
Prokaryotic cells are "simpler" than eukaryotic cells. Though prokaryotic cells still have many functions, they are
not as specialized as eukaryotic cells. In fact, the only organelle prokaryotic cells have is the one non-membrane
covered organelle, the ribosome.
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Below are the main organelles found in eukaryotic cells ( Figure below):
1. The cell wall both protects and supports the cell. It is made of non-living cellulose. The cell wall is only
found in plant cells.
2. The cell membrane controls what enters and leaves the cell. It also protects the cell. It is made of
phospholipids and is elastic and flexible. It is found in both plant and animal cells.
3. The cytoplasm is the jelly-like substance that surrounds the organelles. It contains the raw materials the cell
uses to make compounds or structures. It is found in both plant and animal cells.
4. The nucleus of a cell controls all the cell activities. It is called the brain of the cell. It contains the DNA
which is the genetic material used to build all of the proteins an organism needs. It is also the largest organelle
of the cell. It is found in both the plant and animal cells.
5. The chromosomes are the coiled strands of DNA inside the nucleus. Each organism has its own number of
chromosomes. There are 46 chromosomes in each human cell. Chromosomes are found in both plant and
animal cells.
6. The centrioles control the movement of the chromosomes during cell division. Centrioles are found in animal
cells only.
7. The ribosome is the only non-membrane covered organelle. They make proteins by joining together amino
acids. They are the smallest and most abundant organelle and is the only organelle found in prokayotic cells.
They are also found in both plant and animal cells.
8. The endoplasmic reticulum (ER) makes lipids, breaks down drugs, and acts as the internal delivery system
for the cell. It is a network of membranes that run throughout the cell. There are two types of ER: rough and
smooth. Rough ER is covered with ribosomes and smooth ER is not. ER is found in both plant and animal
cells.
9. The mitochondria breaks down food to release the energy that the cell can use, ATP (adenosine triphosphate),
through cellular respiration. For this reason they are called the powerhouse of the cell. It has two membranes,
an inner one that is folded over so it can make more energy and an outer one. It also has its own DNA. The
mitchondria is found in both plant and animal cells.
10. The chloroplast changes the sun’s energy into sugar (food), a form of chemical energy, through photosynthesis. It has green pigment called chlorophyll that absorbs sunlight. It also has 2 membranes and its own DNA.
Choloroplasts are only found in plant cells.
11. The Golgi Complex (Golgi Body, Golgi Apparatus) puts the finishing touches on proteins and lipids. It puts
them into vesicles to send to another part of the cell or out of the cell altogether. It is arranged as a stack of
membranes. The golgi is found in both plant and animal cells.
12. The vesicle is a sac of membranes that delivers materials throughout the cell. It is a piece of membrane that
breaks off the golgi complex or the ER. It is found in both the plant and animal cell.
13. The vacuole stores water as well as a variety of materials. Water in the plant supports the leaves. Small
vacuoles are found in the animal cell. Large vacuoles are found in the plant cell.
14. The lysosome digests materials or old worn-out organelles. It contains enzymes. These are only found in
animal cells.

Animal Cells vs Plant Cells

As you’ve no doubt noticed by now by reading the list of organelles and looking at the pictures above, there are
some organelles that are only found in the animal cell and other organelles that are only found in the plant cell as
well as some visual differences. Let’s take a look at these differences.
Animal Cells

Animal cells contain two organelles that plant cells do not have: centrioles and lysosomes. They also have a third
organelle, a vacuole, that is found in plant cells but differs in size and function. The centriole organelles are used to
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FIGURE 3.10
This is an animal cell. Notice the lysosome, centrioles, and small vacuoles.
These are only found in animal cells.

FIGURE 3.11
This is a plant cell. Notice the cell wall,
the chloroplasts, and the large vacuole.
These are only found in the plant cell.

move chromosomes around during mitosis and meiosis (cellular reproduction). The lysosome is a vesicle filled with
enzymes that are capable of breaking down all kinds of organic molecules like carbohydrates, lipids, proteins, and
nucleic acids. They function as the digestive system of the cell. They break down things taken in from outside the
cell, as well as old or worn out components inside the cell. The final difference is found in the size and function of
the vacuole. Although not all animal cells have a vacuole, those that do will have multiple vacuoles to help out with
endocytosis and exocytosis. These are processes that bring materials in and out of the cell. Finally, animal cells tend
to be spherical or irregularly shaped.
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Plant Cells

Plant cells contain two organelles that animals cells do not have: chloroplasts and a cell wall. They also have a third
organelle, a vacuole, that differs from an animal cell vacuole in function and size. Plant cells have a rigid support
structure on the outside of the cell membrane called a cell wall. The cell wall also provides protection. In addition,
plant cells are very important because they can make their own food by using the energy from sunlight and placing
it into chemical bonds in glucose. This process is called photosynthesis. The organelle used to capture sunlight and
turn it into food is the chloroplast. Finally, the vacuole in a plant cell is much larger than the ones found in animal
cells. Each plant cell has one large vacuole that usually takes up 30% to 80% of the cell. Typically the vacuole is
used for storage of either water of waste. Finally, plant cells tend to be rectangular in shape. The strong cell wall
may be a reason for this type of shape.
Vocabulary

centriole: control the movement of the chromosomes during cell division in an animal cell
cell wall: provides structure and support to plant cell
cell membrane: controls what enters and exits the cell, elastic and flexible
chlorophyll: the green pigment found in chloroplasts that traps the sunlight so photosynthesis can occur
chloroplast: the organelle that does photosynthesis
chromosome: coiled strands of DNA
cytoplasm: the jelly-like material found throughout the cell
endoplasmic reticulum: Organelle that is the site of lipid synthesis and protein modification.
Golgi apparatus: Organelle that processes and packages proteins.
lysosome: Organelle of the cell that breaks down and recycles old molecules.
mitochondrion (plural mitochondria): Organelle of the cell in which energy is generated.
nucleus: Cell structure that contains the genetic material, DNA.
organelle: Structure within the cell that has a specific role.
photosynthesis: The process of turning sunlight, water, and carbon dioxide into food (glucose) in the chloroplast of a plant cell
• ribosome: Organelle in which proteins are made (protein synthesis).
• vacuoles: A membrane-bound space within the cell used for storage.
• vesicle: Small membrane-enclosed sac; transports proteins around a cell or out of a cell.
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Summary

•
•
•
•
•
•

The nucleus stores the genetic information.
The vacuoles are needed for storage.
The lysosomes recycle waste.
The ribosomes produce proteins.
The rough ER is covered with ribosomes and makes proteins, while the smooth ER makes lipids.
The Golgi apparatus packages proteins.

Explore More

Use the resources below to answer the following questions.
• Organelles at http://www.youtube.com/watch?annotation_id=annotation_937748&feature=iv&src_vid=LP7x
Ar2FDFU&v=fKEaTt9heNM (6:25)
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1. What are the functions of the endoplasmic reticulum? What gives the rough endoplasmic reticulum its "rough"
appearance?
2. What are the most abundant organelles in a cell? Where do they occur? What is there function?
3. What is the appearance of the Golgi apparatus? What is the function of the Golgi apparatus?
4. What are lysosomes? What are their functions?
5. What is the function of mitochondria? Do all cells have the same number of mitochondria? How can this
situation be explained?
Explore Even More

• Cell Models at http://www.cellsalive.com/cells/cell_model.htm . Go to this site and click on "animal cell."
1. What are the primary types of protein filaments that make up the cytoskeleton?
2. What is the function of a peroxisome?
3. What is a secretory vesicle? Where are they made? What is their function?
Review

1.
2.
3.
4.

What is the purpose of the Golgi apparatus?
What is the purpose of the mitochondria?
How is the smooth ER different from the rough ER?
What is a lysosome?
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Unicellular organisms are made of only one cell. Multicellular organisms are made of many cells. Multicellular
organisms exhibit a hierarchy of cellular organization. They are complex in that there is a division of labor among the
levels of this hierarchy for carrying out necessary life processes. Cells perform numerous functions and processes
including cellular respiration, growth and division, and cellular transport. This unit will explore these processes and
their effects on cells.
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4.1 Photosynthesis
• Define photosynthesis.
• Distinguish between autotrophs and heterotrophs.
• Explain the importance of photosynthesis.

What can a tiny plant do that you cannot?
This tiny plant can use the energy of the sun to make its own food. You can’t make food by just sitting in the sun.
Plants are not the only organisms that can get energy from the sun, some protists (algae) and some bacteria can also
use the energy of the sun to make their own food.
What is Photosynthesis?

If a plant gets hungry, it cannot walk to a local restaurant and buy a slice of pizza. So, how does a plant get the
food it needs to survive? Plants are producers, which means they are able to make, or produce, their own food.
They also produce "food" for other organisms. Another name for a producer is autotroph. Auto- means "self" and
-troph means "nourishing". Autotrophs are the organisms that collect the energy from the sun and turn it into organic
compounds. The process a plant goes through to get its own food is called photosynthesis. Photosynthesis takes
place in the organelle of the plant cell known as the chloroplast. Chloroplasts are one of the main differences
between plant and animal cells. Animal cells do not have chloroplasts so they cannot photosynthesize. Inside the
chloroplast is a green pigment called chlorophyll. It is this pigment that traps the sunlight so that photosynthesis
can occur.
During photosynthesis, carbon dioxide and water combine with solar energy to create glucose, a carbohydrate
(C6 H12 O6 ) molecule that is the "food" source, and oxygen. The chemical formula for photosynthesis is:
C2 O + H2 O + Sunlight
Carbon Dioxide + Water + Sunlight
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→
C6 H12 O6 + O2
yields
Glucose + Oxygen
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An easy mnemonic to use to help you remember this formula is " COWS GO". This is what it means:
CO =carbon dioxide; W =water; S =sunlight; G =glucose; O =oxygen
The oxygen formed during photosynthesis, which is necessary for animal life, is essentially a waste product of the
photosynthesis process. Glucose is a sugar that acts as the "food" source for plants. Glucose itself cannot be used as
an energy source. It must be converted into a usable energy for cells. This usable energy is called ATP (Adenosine
triphosphate) and is a product of a process called cellular respiration. We will learn more about cellular respiration
in another section.
Actually, almost all organisms obtain their energy from photosynthetic organisms. For example, a deer eats grass
so the deer’s food is grass and grass gets its food from the sun in the process of photosynthesis. If a bird eats
a caterpillar, then the bird gets the energy that the caterpillar gets from the plants it eats. So the bird indirectly
gets energy that began with the glucose formed through photosynthesis. Therefore, the process of photosynthesis is
central to sustaining life on Earth. Only cells with chloroplasts—plant cells and algal (protist) cells—can perform
photosynthesis. Animal cells and fungal cells do not have chloroplasts and, therefore, cannot photosynthesize. That
is why these organisms, as well as the non-photosynthetic protists, rely on "eating" other organisms to obtain their
energy.
The Photosynthesis Song can be heard at http://www.youtube.com/watch?v=C1_uez5WX1o (1:52).

MEDIA
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Vocabulary

• ATP (adenosine triphosphate): Usable form of energy inside the cell.
• autotroph: Organism that produces complex organic compounds from simple inorganic molecules using a
source of energy such as sunlight. They are self-nourishing.
• cellular respiration: Process of breaking down glucose to obtain energy in the form of ATP.
• chlorophyll: the green pigment inside chloroplast that traps sunlight so that photosynthesis can occur
• chloroplast: Organelle that carries out photosynthesis in plants.
• glucose: Simple sugar with the chemical formula C6 H12 O6 ; a product of photosynthesis.
• photosynthesis: Process by which specific organisms (including all plants) use the sun’s energy to make their
own food from carbon dioxide and water; process that converts the energy of the sun, or solar energy, into
carbohydrates, a type of chemical energy.
• producer: Organism that produces food (glucose) for itself and other organisms.
Summary

• All the energy used by living things on Earth comes from the process of photosynthesis.
• During photosynthesis, carbon dioxide and water combine with solar energy to create glucose and oxygen.
Explore More

If you are the kind of student who constantly wants to know more, watch this video. It goes into the process of
photosynthesis in much more depth. Use the resource below to answer the following questions.
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• Photosynthesis at http://www.youtube.com/watch?v=hj_WKgnL6MI (5:04)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57359

1. Where does the energy for photosynthesis come from?
2. In photosynthesis, how does the movement of electrons along the electron transport chain affect hydrogen ions
(H+ )? How does this compare to what happens in the mitochondria during cellular respiration?
3. Do all organisms which carry out photosynthesis have chloroplasts? Explain your answer as fully as you can.
4. What is the function of mobile electron carriers? What is their relationship to the embedded protein complexes
in the membrane?
Review

1. How is the process of photosynthesis central to sustaining life on Earth?
2. What are the two products produced by photosynthesis?
3. What two raw materials are needed by plants in order to perform photosynthesis?
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4.2 Cellular Respiration
• Define cellular respiration.
• Summarize the significance of ATP.

Why do you need food?
The main reason you need to eat is to get energy. Food is your body’s only supply of energy. However, this energy
must be converted from the apple (or any other food you eat) into an energy source that your body can use. The
process of getting energy from your food is called cellular respiration.
What is Cellular Respiration?

How does the food you eat provide energy? When you need a quick boost of energy, you might reach for an apple
or a candy bar. But cells do not "eat" apples or candy bars; these foods need to be broken down so that cells can
use them. Through the process of cellular respiration, the energy in food is changed into energy that can be used
by the body’s cells. Initially, the sugars in the food you eat are digested into the simple sugar glucose. Recall that
glucose is the sugar produced by the plant during photosynthesis. Glucose is then passed to the organism that eats
the plant. This organism could be you, or it could be the organism that you eat. Either way, it is in the chemical
bonds of glucose molecules that holds the energy.
ATP

Specifically, during cellular respiration, glucose is converted into ATP ( Figure 4.1). ATP, or adenosine triphosphate,
is chemical energy the cell can use. It is the molecule that provides energy for your cells to perform work, such as
moving your muscles as you walk down the street. But cellular respiration is slightly more complicated than just
converting glucose into ATP. Cellular respiration can be described as the reverse or opposite of photosynthesis.
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During cellular respiration, glucose, in the presence of oxygen, is converted into carbon dioxide, water and ATP.
So the energy stored in glucose is converted into ATP. During cellular respiration, about 36-38 ATP molecules are
produced for every glucose molecule. Below is the formula for cellular respiration:
C6 H12 O6 + O2
→
CO2
+ H2 O + ATP
Glucose + Oxygen yields Carbon Dioxide + Water + ATP
An easy way to remember this formula is by the mnemonic " GO COW And Take Prisoners". Here is what that
means:
G = Glucose

O = Oxygen

CO = Carbon Dioxide W = Water And Take Prisoners = ATP

FIGURE 4.1
The structural formula for adenosine
triphosphate (ATP). During cellular respiration, energy from the chemical bonds of
the food you eat must be converted into
ATP.

Vocabulary

• ATP (adenosine triphosphate): Usable form of energy inside the cell.
• cellular respiration: Process of breaking down glucose to obtain energy in the form of ATP.
• glucose: Simple sugar with the chemical formula C6 H12 O6 ; a product of photosynthesis.

Summary

• Through the process of cellular respiration, the energy in food is converted into energy that can be used by the
body’s cells.
• During cellular respiration, glucose and oxygen are converted into carbon dioxide, water and ATP.

Explore More

Use the resource below to answer the questions that follow.
• Define Cellular Respiration at http://www.youtube.com/watch?v=Sr9rYgYS1Fc (1:02)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57352

1.
2.
3.
4.

What is cellular respiration?
Do plant cells respire?
What kinds of molecules are used for cellular respiration? Give specific examples.
What is the use of ATP? Give three examples of how ATP is used in the cell.

Review

1. What is the purpose of cellular respiration?
2. What is ATP?
3. How much usable energy is extracted from one glucose molecule?
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4.3 Connecting Cellular Respiration and Photosynthesis
• Name the products and reactants of photosynthesis and cellular respiration.
• Explain how cellular respiration and photosynthesis are connected.

How do trees help you breathe?
Recall that trees release oxygen as a byproduct of photosynthesis. And you need oxygen to breathe. Do you know
why? So your cells can perform cellular respiration. Remember that cellular respiration is how we get the cell’s
energy, ATP, in order to move and do work.
Connecting Cellular Respiration and Photosynthesis

Photosynthesis and cellular respiration are connected through an important relationship. This relationship enables
life to survive as we know it. The products of one process are the reactants of the other. Notice that the equation
for cellular respiration is the direct opposite of photosynthesis:
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• Cellular Respiration: C6 H12 O6 + 6O2 → 6CO2 + 6H2 O + ATP (energy source)
• Photosynthesis: 6CO2 + 6H2 O + sunlight (energy source) → C6 H12 O6 + 6O2

Photosynthesis makes the glucose and the oxygen that is used in cellular respiration to make ATP. Cellular respiration
makes the carbon dioxide and water that is needed to make glucose and oxygen in photosynthesis. While water is
broken down to form oxygen during photosynthesis, in cellular respiration oxygen is combined with hydrogen
to form water. While photosynthesis requires carbon dioxide and releases oxygen, cellular respiration requires
oxygen and releases carbon dioxide. It is the released oxygen that is used by us and most other organisms for
cellular respiration. We breathe in that oxygen, which is carried through our blood to all our cells and then to
the mitochondria, the organelle that completes the energy producing reaction. In our cells, oxygen allows cellular
respiration to proceed. Cellular respiration works best in the presence of oxygen. Without oxygen, much less ATP
would be produced.
While cellular respiration releases carbon dioxide into the environment, photosynthesis pulls carbon dioxide out
of the atmosphere. The exchange of carbon dioxide and oxygen during photosynthesis ( Figure 4.2) and cellular
respiration worldwide helps to keep atmospheric oxygen and carbon dioxide at stable levels.

FIGURE 4.2
Cellular respiration and photosynthesis
are direct opposite reactions. Some of the
ATP made in the mitochondria is used as
energy for work, and some is lost to the
environment as heat.

Vocabulary

• Product - The elements needed to perform a chemical reaction.
• Reactants - The elements produced by a chemical reaction.
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Summary

• The equation for cellular respiration is the direct opposite of photosynthesis.
• The exchange of carbon dioxide and oxygen thorough photosynthesis or cellular respiration worldwide helps
to keep atmospheric oxygen and carbon dioxide at stable levels.
Explore More

Use the resource below to answer the questions that follow.
• Photosynthesis and Respiration at http://www.youtube.com/watch?v=JEnjph9miK4 (3:46)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57361

1.
2.
3.
4.

What is needed for photosynthesis to occur? Be specific.
What is needed for cellular respiration to occur?
What is ATP?
Do autotrophs need to carry out cellular respiration? Why or why not?

Review

1. How are the equations for photosynthesis and cellular respiration related?
2. What keeps atmospheric oxygen and carbon dioxide at stable levels?
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4.4 Passive Transport: Diffusion, Facilitated
Diffusion & Osmosis
•
•
•
•

Describe a concentration gradient.
Define diffusion.
Distinguish between diffusion and osmosis.
Differentiate between hypertonic, hypotonic, and isotonic solutions.

What happens if you put a few drops of food coloring in water?
Over time, the molecules of color spread out through the rest of the water. When the molecules are evenly spread
throughout the space, the water will become an even color. This process of molecules moving from an area where
there are lots of the same molecules to an area where there are fewer of these same molecules is known as diffusion.
Passive Transport

Recall that the cell membrane is semipermeable. It does not allow everything to pass through. Some molecules can
pass easily through your cell membranes, while others have more difficulty. Some molecules even need an input of
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energy to help get them across the cell membrane. The movement of molecules across a membrane without the input
of energy is known as passive transport. When energy is needed, the movement is known as active transport.

Diffusion

One example of passive transport is diffusion, when molecules move from an area of high concentration (large
amount) to an area of low concentration (low amount). The amount of a substance in relation to the total volume
is the concentration. They will continue to move in this way until equilibrium is reached or when the particles
are equally disbursed throughout the area. In other words, there is no longer an area of high concentration or
low concentration. This is a natural process and does not require energy because molecules are always in motion.
Diffusion can occur across a semipermeable membrane, or a membrane that allows some things to cross such
as water and oxygen but not allow other things to cross such as sugar. In diffusion, molecules that are small and
uncharged like water and oxygen can freely diffuse across a cell membrane. They simply flow through the cell
membrane. Other larger or charged molecules that diffuse across a membrane may need assistance from a protein
doorway.
As stated, oxygen is a molecule that can freely diffuse across a cell membrane. For example, an oxygen molecule
can diffuse out of the air sacs in your lungs into your bloodstream because oxygen is more concentrated in your lungs
than in your blood. Oxygen moves from the high concentration in your lungs to the low concentration of oxygen in
your bloodstream.

FIGURE 4.3
The figure on top shows a high concentration of particles on the left and a low
concentration on the right. The particles
will move from left to right until they reach
equilibrium which is pictured on the bottom. In this case, the particles are evenly
spread across the area.

Facilitated Diffusion
As was stated in the previous section, a semipermeable membrane allows small particles like oxygen and water
to pass right through the cell membrane. Particles such as sugar and amino acids are too large to fit through the
semipermeable cell membrane and need to find a passage way through the membrane. In facilitated diffusion, a
protein doorway in the membrane allows these larger molecules to cross the membrane. Even though these larger
molecules move through a protein doorway, they still are moving from an area of higher concentration to lower
concentration so they are not using energy.
74

www.ck12.org

Chapter 4. Cell Process Overview

FIGURE 4.4
This is an example of facilitated diffusion.
On the left is a protein doorway that is
called a pore. The pore is large enough
to allow bigger molecules passageway
through the cell membrane. The one to
the right is a protein doorway that allows
one molecule to pass at a time.

Osmosis
The diffusion of water, and water only, across a membrane because of a difference in concentration is called osmosis.
Applications of Osmosis

How do marine animals keep their cells from shrinking? Marine animals live in salt water, which is an environment
where there is more salt in the water than in their cells. To prevent losing too much water from their bodies, these
animals intake large quantities of salt water and then secrete the excess salt. ( Figure below ).
Vocabulary

• Active Transport: The movement of molecules across a membrane which requires energy.
• Concentration: The amount of a substance in relation to the total volume
• Diffusion: The movement of molecules from an area of high concentration through a membrane to an area of
low concentration.
• Equilibrium: A situation where molecules are evenly distributed in an area.
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FIGURE 4.5
Osmosis causes fish cells to exchange
fresh water and salt by losing or gaining
water.

• Facilitated Diffusion: The movement of larger particles through a protein doorway from an area of high
concentration to low concentration.
• Osmosis: A special case of diffusion where water moves across a semi-permeable membrane.
• Passive Transport: The movement of molecules across a membrane without the input of energy
• Semi-permeable membrane: A membrane that allows certain things to cross and does not let other things to
cross.
Summary

• Diffusion is the movement of molecules from an area of high concentration to an area of low concentration.
• Osmosis is a special case of diffusion. When water crosses a semipermeable membrane from an area of high
concentration to an area of low concentration, this is called osmosis.
Explore More

Use the resource below to answer the following questions.
• Osmosis at http://www.youtube.com/watch?v=7-QJ-UUX0iY (5:07)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57351

1. What is osmosis?
2. How would a salt solution affect a cell? How could this affect cellular processes?
Review

1. Describe the process of diffusion.
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2. Define osmosis.
3. Why doesn’t diffusion or osmosis require energy to occur?
4. If a plant cell is placed in a solution and the cell shrivels up, what type of solution was it placed in? How do
you know?
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4.5 Introduction to Cell Division
• Define cell division.
• Explain why cells must divide.

Do cells get worn out?
Yes, just like this car, cells cannot last forever. Cells do eventually wear out. At that point, they need to be replaced.
This is one reason that your cells divide. New cells that result after cells divide are also used for growth and to repair
cuts.
Why Cells Divide

Imagine the first stages of life. In humans and other animals, a sperm fertilizes an egg, forming the first cell. But
humans are made up of trillions of cells, so where do the new cells come from? Remember that according to the cell
theory, all cells come from existing cells. From that first cell an entire new baby will develop. And each cell in that
baby will be genetically identical to that first cell, meaning that each cell will have exactly the same DNA.
How does a new life go from one cell to so many? The cell divides in half, creating two cells. The new cells continue
to divide and divide. One cell becomes two, then four, then eight, and so on ( Figure below). This continual process
of a cell dividing and creating two new cells is known as cell division. Cell division is part of a cycle of cellular
growth and division known as the cell cycle—cells must grow before they divide. The cell cycle describes the "life"
of a eukayrotic cell.
Most cell division produces genetically identical cells, meaning they have exactly the same DNA. The process of
mitosis ensures that each body cell has the same DNA. A special form of cell division, called meiosis, produces cells
with half as much DNA as the parent cell. These cells are called gametes or sex cells. Females produce eggs and
males produce sperm. These cells are used for reproduction. In prokaryotic organisms, cell division is how those
organisms reproduce and this is called binary fission.
Besides the development of a baby, there are many other reasons that cell division is necessary for life:
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FIGURE 4.6
Cells divide repeated to produce an embryo. The one-celled zygote (the first cell
of a new organism) divides into two new
cells. Those 2 cells divide into another 2
cells so that now you have 4 cells and so
forth. Through cell division the one cell
turns into an embryo, then a fetus, then a
baby and so forth. That one cell becomes
trillions of cells in a human.

1. To grow and develop, you must form new cells. Imagine how often your cells must divide during a growth
spurt. Growing just an inch requires countless cell divisions. Your body must produce new bone cells, new
skin cells, new cells in your blood vessels and so on.
2. Cell division is also necessary to repair damaged cells. Imagine you cut your finger. After the scab forms, it
will eventually disappear and new skin cells will grow to repair the wound. Where do these cells come from?
Some of your existing skin cells divide and produce new cells.
3. Your cells can also simply wear out. Over time you must replace old and worn-out cells. Cell division is
essential to this process.
Vocabulary

• binary fission: the process where prokaryotic cells divide in order to create two new life forms
• cell cycle: Phases that a cell goes through from one cell division to the next; describes the "life" of a eukaryotic
cell.
• cell division: Process in which a parent cell divides to form daughter cells.
• cell theory: Scientific theory that all living things are made up of cells, all life functions occur within cells,
and all cells come from already existing cells.
• meiosis: Cell division process that results in haploid gametes; contains two rounds of cell division. This
division occurs in the egg and the sperm.
• mitosis: Division of the nucleus in body cells.
Summary

• Cells must divide repeatedly for an embryo to develop or for you to grow.
• Cells also divide in order to replace damaged or worn-out cells.
Explore More

Use the resources below to answer the questions that follow.
Explore More

• Why Must A Cell Divide at http://plaza.ufl.edu/alallen/pgl/modules/rio/stingarees/module/why.html
1. What limits the size a cell can become? Be as specific as you can.
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2. If you double the size of a cube, how does this affect the surface to volume ratio?
Explore Even More

• Surface Area to Volume Ratios at http://www.youtube.com/watch?v=xuG4ZZ1GbzI (2:45)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57343

1. Does the rate at which materials diffuse into a cell vary with the size of the cell?
2. What does this mean for large cells?
Review

1. Define cell division.
2. How does an embryo develop from a fertilized egg?
3. List two reasons that cells must divide.
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4.6 Mitosis and Cytokinesis
•
•
•
•
•

Explain the importance of mitosis.
Explain chromosome structure.
Define sister chromatids.
List the phases of mitosis.
Summarize the phases of mitosis.

How is your DNA organized?
Your DNA is organized into chromosomes, the pink structures pictured above. Your DNA doesn’t always look so
pretty, though. It only winds tightly into chromosomes when the cell is getting ready to divide. If your DNA wasn’t
organized into chromosomes, your DNA would look like a mass of strings and would be difficult to divide up! But
this mass of strings is what allows DNA to do it’s everyday job of protein synthesis.

What is Mitosis?

As mentioned in an earlier unit, the genetic information of the cell, or DNA, is stored in the nucleus. Mitosis is the
process by which the DNA in a parent cell is copied so that two identical nuclei can be made. Although mitosis
ends when there are two identical nuclei created, the cell will continue to divide into two identical daughter cells
as the cytoplasm cleaves or separates during cytokinesis. When cell division is complete one parent cell will have
divided into two identical daughter cells. So why would a cell divide? One reason is for growth of a multicellular
organism. Another is to replace worn out or damaged cells. Say the word "mitosis". Do you hear a body part? Yes,
in fact, you hear about "my toes". Toes are body parts. Mitosis deals with the replication of DNA in body cells.
There is another type of cell that uses another process to replicate its DNA, but we will deal with that later.
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Chromosomes & Mitosis

Each organism has a unique number of chromosomes. A fruit fly has 8 chromosomes, an elephant has 56, wheat
has 42 and a black mulberry plant has 308. In human cells, our DNA is divided up into 23 homologous pairs of
chromosomes for a total of 46 chromosomes in each body cell. Homologous chromosomes are very similar, but
not identical. One set of 23 chromosomes comes from mom and the other set of 23 chromosomes comes from dad.
Take a look at chromosome 15 in the picture below. Each chromosome 15 has a gene that codes for eye color. One
of the homologous partners may code for blue eyes while the other of the homologous partners may code for brown
eyes. Although each of the homologous chromosomes code for eye color, they may not code for the same eye color.
This is what is what is meant by the chromosomes being similar but not identical. It is this similarity that allows
for diversity among individuals and why brothers and sisters (unless they are identical twins) don’t like exactly the
same.

FIGURE 4.7
This is a picture of the human karyotype
or the 23 homologous pairs of chromosomes. In this case, replication has already occurred. You can see the classic
"X" shape. The centromere holds the 2
identical sister chromatids together. The
homologous chromosomes are side by
side each with its own identical sister
chromatid.

When it’s time for mitosis, DNA will replicate and form a structure with two identical chromatids. The two
chromatids are held together by a protein called the centromere. The two chromatids with the centromere create
what looks like an "X" and is the classic shape for the chromosome. The centromere is also where spindle fibers
attach during mitosis. During mitosis, the spindle fibers will separate the two chromatids from each other. Once
separated, they will once again be known as chromosomes. See the picture below.
When it comes time for a cell to divide, the centrioles duplicate. These are organelles that hold down the spindle
fibers from each end, or pole, of the cell. During prophase, the centrioles move to opposite ends of the nucleus
and a thread-like structure begins to appear. Those threads then connect to the now apparent chromosomes. During
anaphase, the chromosomes are split and pulled towards each centriole. Once the entire cell begins to split in
telophase, the chromosomes begin to unravel and new nuclear envelopes begin to appear. The centrioles have done
their job. See picture below
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FIGURE 4.8
One of the partner homologous chromosomes with its identical copy. The two
identical chromatids are held together by
a protein called a centromere.

When

mitosis is done, the yellow chromosome
will be in one nucleus while the blue with
be in the other nucleus.

FIGURE 4.9
The spindle fibers form from the centrioles
at the polar ends of the cell.
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The Cell Cycle and the Four Phases of Mitosis

During mitosis, the two sister chromatids formed during interphase must be divided. This is a precise process that
has four individual phases to it. After the sister chromatids separate, each separate chromatid is now known as a
chromosome. Each resulting chromosome is made of DNA from just one chromatid. So each chromosome after this
separation is made of "1/2 of the X." (see the picture above) Through this process, each daughter cell receives one
identical copy of each chromosome. The four phases of mitosis are prophase, metaphase, anaphase and telophase.
Mitosis cannot occur without other parts of the cell cycle so interphase and cytokinesis have been included. See
figure below.

1. Interphase: This phase is not part of mitosis. Rather it is the time in the cell cycle where the cell grows
and goes about its process of living. However, at the end of interphase something very important happens
that is required for mitosis to begin. The chromosomes in the unwound state are replicated. The identical
sister chromatids are held together by the centromere. Also, the centriole which will help in moving the
chromosomes around is replicated.
2. Prophase: This is the first official phase of mitosis. The chromosomes "condense," or become so tightly
wound that you can see them under a microscope and they will look like the Human Karyotype picture above.
The nuclear membrane disappears. The centrioles move to opposite sides of the cell and spindle fibers form
and extend from these centrioles and attach to the centromeres of the chromatids to help them move.
3. Metaphase: The chromosomes line up in the middle, or the equator, of the cell. The chromosomes line up
in a row, one on top of the next. One way to remember this phase is metaphase begins with "M" and so does
middle.
4. Anaphase: The two chromatids of each chromosome are pull apart as the spindle fibers pull the chromatids,
resulting in two sets of identical chromosomes. The centromeres, no longer needed, disappear. One way to
remember this phase is anaphase begins with "A" and so does apart.
5. Telophase: The spindle fibers dissolve and the nuclear membrane form around each set of chromosomes on
either side of the cell. Mitosis is now complete because there are 2 nuclei with identical chromosomes as the
initial parent cell.
6. Cytokinesis: The literal translation for this word is "cell movement". The cytoplasm cleaves, or splits in two,
so that the 2 identical nuclei are now in their own separate cells.

FIGURE 4.10
Interphase plus the 4 official stages of mitosis - prophase, metaphase, anaphase
and telophase.

Cytokinesis where the

cytoplasm splits in two to form 2 separate cells is not shown.

In particular,

notice the yellow centrioles and how the
sister chromatids line up in middle during
metaphase so that the sister chromatids
can be pulled apart in anaphase.

There is a slight difference in cytokinesis between an animal cell and a plant cell. In an animal cell, the cytoplasm
pinches together and pulls apart while the cell membrane encloses each new cell. In a plant cell, a cell plate divides
the two new cells. The cell plate eventually begins a new cell wall.
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FIGURE 4.11
This is a representation of dividing plant
cells. Although most of the cells are in
interphase growing and going about their
normal activities, a few of the cells are
going through mitosis. Can you find and
identify the different phases present?

Vocabulary

•
•
•
•
•
•
•
•
•

•
•
•
•
•
•

anaphase: Third phase of mitosis in which chromatids separate and move to opposite sides of the cell.
centromere: A protein that joins together two chromatids.
centrioles: The pair of organelles that hold down the spindle fibers during mitosis and mieosis.
chromatids: Two identical copies of a chromosome.
chromosome: Structure made of DNA and proteins that contains the genetic material of a cell.
cytokinesis: Division of the cytoplasm.
daughter cells: The cells created by mitosis that are genetically identical to the parent cell.
homologous chromosomes: These are similar, but not identical chromosomes. For each pair, one comes from
mom and the other from dad.
interphase: Phase of the cell cycle where growth and everyday cell function occurs. Towards the end of
this phase, the unwound chromosomes, known as chromatin, replicate becoming identical chromatids held
together by the centromere.
metaphase: Second phase of mitosis in which the chromosomes are aligned in the center of the cell.
mitosis: Division of the nucleus.
parent cell: The original cell that begins the Mitosis process
prophase: Initial phase of mitosis in which chromosomes condense, the nuclear membrane dissolves and the
spindle fibers begin to form.
spindle fibers: Structure that helps separate the chromatids during mitosis; also separates homologous chromosomes during meiosis.
telophase: Final phase of mitosis in which a nuclear membrane forms around each of the two sets of
chromosomes.

Summary

• The DNA in the nucleus wraps around proteins to form chromosomes.
• During mitosis, the newly duplicated chromosomes are divided into two nuclei.
• Mitosis occurs in four phases; prophase, metaphase, anaphase, and telophase.
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Explore More

Use the resource below to answer the questions that follow.
• Mitosis by NDSU VCell Productions at http://www.youtube.com/watch?v=C6hn3sA0ip0 (6:10)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57346

1. When does the "classic" chromosome structure of DNA appear during mitosis?
2. What problems do you think might arise if the chromosomes did not align during metaphase?
3. When do the nuclear envelopes reform? What problems might arise if a cell started forming the nuclear
envelopes earlier?
4. In what stage do cells spend most of their "life"?
5. How long does mitosis take in the typical eukaryotic cell?
Review

1.
2.
3.
4.
5.

What are chromosomes?
What are the four phases of mitosis, in the correct order?
In what phase of mitosis are chromosomes moving toward opposite sides of the cell?
Compare the two nuclei that form as a result of mitosis?
What is cytokinesis, and when does it occur?

Cells perform numerous functions and processes including cellular respiration, growth and division, and cellular
transport.
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Chapter 5. Genetics; DNA

Introduction

Why is heredity so important?
Genetics is the study of inheritance. Inheritance is the passing of traits from parents to offspring (biological children).
These traits are "passed" through DNA, which is the genetic material of all organisms. This unit will focus on DNA,
genetics, inheritance, and applications.
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5.1 DNA, the Genetic Material
•
•
•
•

Explain the importance of DNA.
Define and describe a nucleotide.
Describe the shape of DNA.
Summarize the base-pairing rules.

Where’s the instructions?
How do your cells know what to do? Just like computers have lines of code to tell them what to do, your cells also
have instructions. Your cells’ instructions are molecules of DNA.
The DNA Pioneers

In the early 1950s, the race to discover DNA was on. At Cambridge University, graduate student Francis Crick
and research fellow James Watson had become interested in the field. Meanwhile, at King’s College in London,
Maurice Wilkins and Rosalind Franklin were also studying DNA. The Cambridge team’s approach was to make
physical models to narrow down the possibilities and eventually create an accurate picture of the molecule. The
King’s team took an experimental approach, looking particularly at x-ray diffraction images of DNA.
In 1951, Watson attended a lecture by Franklin on her work. She had found that DNA can exist in two forms,
depending on the relative humidity in the surrounding air. This had helped her understand that the phosphate part of
90

www.ck12.org

Chapter 5. Genetics; DNA

FIGURE 5.1
James Watson and Francis Crick show off
their DNA Model in 1953.

the molecule was on the outside. Watson returned to Cambridge with this information and together with Crick made
a model that ultimately did not measure up to the scientific facts. It caused the head of their unit to tell them to stop
DNA research.
Meanwhile, Franklin, working mostly alone, found that her x-ray diffractions showed that the "wet" form of DNA
(in the higher humidity) had all the characteristics of a helix, or twisted ladder shape. She suspected that all DNA
was helical but did not want to announce this finding until she had sufficient evidence on the other form as well. Her
partner Wilkins was frustrated because he did not want to wait. In January, 1953, he showed Franklin’s results to
Watson, apparently without her knowledge or consent.
Watson and Crick took a crucial conceptual step, suggesting the molecule was made of two chains of nucleotides,
each in a helix as Franklin had found, but one going up and the other going down. Crick had just learned of
Chargaff’s findings about base pairs in the summer of 1952. He added that to the model, so that matching base pairs
interlocked in the middle of the double helix to keep the distance between the chains constant.
Watson and Crick showed that each strand of the DNA molecule was a template for the other. During cell division
the two strands separate and on each strand a new "other half" is built, just like the one before. This way DNA can
reproduce itself without changing its structure (except for occasional mutations).
The structure so perfectly fit the experimental data that it was almost immediately accepted. DNA’s discovery has
been called the most important biological work of the last 100 years, and the field it opened may be the scientific
frontier for the next 100. By 1962, when Watson, Crick, and Wilkins won the Nobel Prize for physiology/medicine,
Franklin had died from cancer. The Nobel Prize only goes to living recipients, and can only be shared among three
winners.

What is DNA?

DNA is the material that makes up our chromosomes and stores our genetic information. When you build a house,
you need a blueprint, a set of instructions that tells you how to build. The DNA is like the blueprint for living
organisms. The genetic information is a set of instructions that tell your cells what to do. (See video "Stated Clearly
- What is DNA")
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/156012

DNA is an abbreviation for deoxyribonucleic acid (de-oxy-ribo-nu-cleic acid). As you may recall, nucleic acids
are a type of molecule that store information. The deoxyribo part of the name refers to the name of the sugar that is
contained in DNA, deoxyribose. DNA may provide the instructions to make up all living things, but it is actually a
very simple molecule. DNA is made of a very long chain of nucleotides. In fact, in you, the smallest DNA molecule
has well over 20 million nucleotides.
Nucleotides

Nucleotides are composed of three main parts:
1. a phosphate group.
2. a 5-carbon sugar (deoxyribose in DNA).
3. a nitrogen-containing base.

FIGURE 5.2

The only difference between each nucleotide is the identity of the base. There are only four possible bases that make
up each DNA nucleotide: adenine (A), guanine (G), thymine (T), and cytosine (C).
The Genetic Code

The various sequences of the four nucleotide bases make up the genetic code of your cells. It may seem strange that
there are only four letters in the “alphabet” of DNA. But since your chromosomes contain millions of nucleotides,
there are many, many different combinations possible with those four letters.
But how do all these pieces fit together? James Watson and Francis Crick won the Nobel Prize in 1962 for piecing
together the structure of DNA. Together with the work of Rosalind Franklin and Maurice Wilkins, they determined
that DNA is made of two strands of nucleotides formed into a double helix. Think of a spiral staircase or a twisted
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ladder, with the sugar and phosphate groups on the outside (frame), and the paired bases connecting the two strands
on the inside of the helix (the steps or rungs) ( Figure 5.3).

FIGURE 5.3
DNA’s three-dimensional structure is a
double helix. The hydrogen bonds between the bases at the center of the helix
hold the helix together.

Base-Pairing

The bases in DNA do not pair randomly. When Erwin Chargaff looked closely at the bases in DNA, he noticed
that the percentage of adenine (A) in the DNA always equaled the percentage of thymine (T), and the percentage
of guanine (G) always equaled the percentage of cytosine (C). Watson and Crick’s model explained this result by
suggesting that A always pairs with T, and G always pairs with C in the DNA helix. Therefore A and T, and G and
C, are "complementary bases," or bases that always pair together, known as a base-pair. The base-pairing rules
state that A will always bind to T, and G will always bind to C ( Figure 5.4). For example, if one DNA strand reads
ATGCCAGT, the other strand will be made up of the complementary bases: TACGGTCA.

Vocabulary

•
•
•
•
•
•

base-pair: Bases in DNA that complement each other and are linked by hydrogen bonds.
chromosome: DNA wound around proteins; the chromosome forms during prophase of mitosis and meiosis.
DNA (deoxy-ribo-nucleic acid): Nucleic acid that is the genetic material of all organisms.
double helix: Shape of DNA; a double spiral, similar to a spiral staircase.
nucleic acid: Class of organic compound; nucleic acid includes DNA and RNA.
nucleotide: Units that make up DNA; the nucleotide consists of a 5-carbon sugar, a phosphate group, and a
nitrogen-containing base.

Summary

• DNA stores the genetic information of the cell in the sequence of its 4 bases: adenine, thymine, guanine, and
cytosine.
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FIGURE 5.4
The chemical structure of DNA includes
a chain of nucleotides consisting of a 5carbon sugar, a phosphate group, and
a nitrogen base. Notice how the sugar
and phosphate form the backbone of DNA
(strands highlighted in pink), with the hydrogen bonds between the bases joining
the two strands.

• DNA is made of a long chain of nucleotides consisting of a 5-carbon sugar, a phosphate group, and nitrogencontaining base.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• What Is DNA? at http://learn.genetics.utah.edu/content/begin/dna/ . Click on the box "What Is DNA?" on
the left side of the page.
1.
2.
3.
4.

Where is nuclear DNA located in a eukaryotic organism?
Describe the structure of DNA.
What is another name for the "sentences" that DNA encodes?
What to genes tell a cell to do?

Explore More II

• Go to this link to build a DNA molecule: http://learn.genetics.utah.edu/content/begin/dna/builddna/ .
1. How long does it take a human cell to copy the DNA in its nucleus before it divides?
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2. How many new cells does your body produce every day?
3. How many hydrogen bonds form between guanine and cytosine? How many hydrogen bonds form between
adenine and thymine? Do you think this relationship helps minimize errors? Explain your reasoning.
4. What steps does the cell take to increase the rate of DNA replication?
Review

1.
2.
3.
4.

Describe the structure of DNA.
What does a nucleotide consist of?
What are the base-pairing rules?
If one DNA strand reads CCGTAATGCAT, what will be the sequence of the complimentary strand?
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5.2 DNA Structure and Replication
• Explain why DNA must replicate itself.
• Describe the process of DNA replication.
• Explain the meaning of semiconservative replication.

Does DNA copy itself?
Yes, your DNA needs to copy itself every time a new cell is created. The new cell needs to have DNA exactly like
the rest of your cells. Otherwise, that cell might malfunction. That’s why it’s important that the process of copying
DNA, called DNA replication, is very accurate.
DNA Replication

DNA must replicate (copy) itself so that each resulting cell after mitosis and cell division has the same DNA as the
parent cell. DNA replication occurs during Interphase of the cell cycle, before mitosis and cell division. The base
pairing rules are crucial for the process of replication. DNA replication occurs when DNA is copied to form an
identical molecule of DNA.
The general steps involved in DNA replication are as follows:
1. The DNA helix unwinds like a zipper as the bonds between the base pairs are broken. The enzyme DNA
Helicase is involved in breaking these bonds.
2. The two single strands of DNA then each serve as a template for a new stand to be created. Using DNA as a
template means that on the new strand, the bases are placed in the correct order because of the base pairing
rules. As a template strand is read, the new strand is created. If ATGCCA is on the "template strand," then the
complimentary base pairs of TACGGT will be on the new DNA strand. The enzyme DNA Polymerase reads
the template and builds the new strand of DNA.
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3. The new set of nucleotides then join together to form a new strand of DNA. The process results in two DNA
molecules, each with one old strand and one new strand of DNA.
( Figure 5.5).

FIGURE 5.5
DNA replication occurs when the DNA strands “unzip,” and the original
strands of DNA serve as a template for new nucleotides to join and form a
new strand.

Vocabulary

• DNA replication: Making an identical copy of the cell’s DNA.
Summary

• During DNA replication, the DNA helix unwinds and the two single strands of DNA then each serve as a
template for a new stand to be created.
• DNA replication is semi-conservative: the new DNA molecule consists of half of the parent DNA molecule.
Explore More

Use the resource below to answer the questions that follow.
• DNA replication at http://www.youtube.com/watch?v=yqESR7E4b_8 (7:47)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57304
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Review

1. Describe how DNA is replicated.
2. Explain why DNA replication is sometimes called semi-conservative.
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5.3 Protein Synthesis and Gene Expression
•
•
•
•

Define gene.
Describe the purpose of protein synthesis.
Explain the meaning of gene expression.
Summarize the relationship between DNA, amino acids, and proteins.

How do you build a protein?
Your body needs proteins to create muscles, regulate chemical reactions, transport oxygen, and perform other
important tasks in your body. But how are these proteins built? They are made up of units called amino acids.
Just like there are only a few types of blocks in a Lego set, there are a limited number of amino acids in our cells.
However, there are many different ways in which they can be combined to produce proteins.
Introduction to Protein Synthesis

The DNA sequence contains the instructions to place units called amino acids into a specific order. When these
amino acids are assembled in that specific order, proteins are made, a process called protein synthesis. In short,
DNA contains the instructions to create different types of proteins. Each strand of DNA has many separate sequences
that code for a specific protein. Insulin, which is needed to regulate the amount of sugar in the blood, is an example
of a protein made by your cells ( Figure 5.6). Units of DNA that contain codes for the creation of a specific protein
are called genes.
Cells Can Turn Genes On or Off

There are about 22,000 genes in every human cell. Does every human cell have the same genes? Yes. Does every
human cell make the same proteins? No. In a multicellular organism, such as humans, cells have specific functions
because they have different proteins. They have different proteins because different genes are expressed in different
cell types (this is known as gene expression).
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FIGURE 5.6
Insulin. Each blue or purple bead represents a different amino acid. Just 20 different amino acids are arranged in many
different combinations to make thousands
of proteins.

Imagine that all of your genes are "turned off." Each cell type only "turns on" (or expresses) the genes that have the
code for the proteins it needs to use. So different cell types "turn on" different genes, allowing different proteins to
be made. This gives different cell types different functions. (See Stated Clearly, "What Exactly is a Gene" video
below)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/156015

Vocabulary

•
•
•
•
100

amino acid: Building blocks of proteins.
gene: Unit of DNA that contains code for the creation of one protein.
gene expression: Process of using a gene to make a gene product.
protein synthesis: The process of making a protein.
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Summary

• DNA contains the instructions to assemble amino acids in a specific order to make protein, or protein
synthesis.
• Units of DNA that contain codes for the creation of a specific protein are called genes.
• Each cell type only "turns on" ( gene expression) the genes that have the code for the proteins it needs to use.
Explore More

Use the resource below to answer the questions that follow.
• Protein Synthesis at http://www.biostudio.com/demo_freeman_protein_synthesis.htm
1. What is the cell structure used in the assembly of proteins?
2. What is the molecule that delivers the amino acids?
3. What ends protein synthesis?
Review

1.
2.
3.
4.

What is a gene?
What is an amino acid?
If every human cell has the same genes, how can they look and function so differently?
What is the relationship between DNA and proteins?
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5.4 Transcription of DNA to RNA
• Define transcription.
• Explain the relationship between a codon and the mRNA.
• Describe how mRNA is created from DNA.

How does DNA write its message?
The process of DNA sending a message to the cytoplasm is called transcription. Transcription means "a written
copy." However, DNA can’t get out a pen and write a message. It creates an mRNA molecule to carry the message.
Transcription

DNA is located in the nucleus. Proteins are made in ribosomes within the cytoplasm. The information in a gene
is converted into messenger RNA or mRNA (messenger RNA is a molecule that carries the instructions from the
DNA to the rest of the cell). In the nucleus, mRNA is created by using the strands of DNA in a gene as a template.
A template is a model provided for others to copy.
The process of constructing an mRNA molecule from DNA is known as transcription ( Figure 5.7 and Figure
5.8). The double helix of DNA unwinds and an enzyme, RNA Polymerase, builds the mRNA using the DNA as a
template. The nucleotides follow basically the same base pairing rules as in DNA to form the correct sequence in
the mRNA. This time, however, uracil (U) pairs with each adenine (A) in the DNA. For example, a DNA sequence
ACGGGTAAGG will be transcribed into the mRNA sequence UGCCCAUUCC. The mRNA will carry this new
code to the ribosomes to tell them how to make a protein.
As not all genes are used in every cell, a gene must be "turned on" or expressed when the gene product is needed by
the cell. Only the information in a gene that is being expressed is transcribed into an mRNA.
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FIGURE 5.7
Each gene (a) contains triplets of bases
(b) that are transcribed into RNA (c). Every triplet, or codon, encodes for a unique
amino acid.

FIGURE 5.8
Base-pairing ensures the accuracy of
transcription. Notice how the helix must
unwind for transcription to take place. The
new mRNA is shown in green.

Vocabulary

•
•
•
•
•

codon: Triplet (3) of bases in the mRNA that codes for a specific amino acid.
gene: Inherited unit of DNA that encodes for one protein (or one polypeptide).
mRNA: Molecule that carries the instructions from the DNA to the rest of the cell; messenger RNA.
template: Model provided for others to copy.
transcription: Process of constructing an mRNA molecule from DNA.

Summary

• The process of constructing an mRNA molecule from DNA is known as transcription.
• The base pairing rules ensure that the DNA code is conserved in the sequence in the mRNA.
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Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Transcription and Translation at http://www.youtube.com/watch?v=41_Ne5mS2ls (4:06)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/4711

1. How is RNA different from DNA? Do you think this difference is important? Why?
2. Where is the mRNA made?
3. Where does the mRNA go after it is produced?

Review

1. What is the final product of transcription?
2. How does the genetic code in the DNA get passed on to the mRNA?
3. What will be the mRNA sequence transcribed from a TTAAACGGCCTA template?
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5.5 Translation of RNA to Protein
•
•
•
•

Define translation.
Explain the relationship between the tRNA, anticodon, codon, and mRNA.
Describe the process of translation.
Explain the role of the genetic code.

How does the cell translate a message?
The mRNA is the message sent from the nucleus to the ribosome. Like a foreign language, the genetic code of the
mRNA message must then be translated so that the ribosomes make the correct protein. The process of reading the
code of a mRNA to make a protein is called translation.
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Translation

The mRNA, which is transcribed from the DNA in the nucleus, carries the directions for the protein-making process.
mRNA tells the ribosome ( Figure 5.9) how to create a specific protein.

FIGURE 5.9
Ribosomes translate RNA into a protein with a specific amino acid
sequence. The tRNA binds and brings to the ribosome the amino acid
encoded by the mRNA.

The process of reading the mRNA code in the ribosome to make a protein is called translation ( Figure 5.10): the
mRNA is translated from the language of nucleic acids (nucleotides) to the language of proteins (amino acids). Sets
of three bases, called codons, are read in the ribosome, the organelle responsible for making proteins.
FIGURE 5.10
This summary of how genes are expressed shows that DNA is transcribed
into RNA, which is translated, in turn, to
protein. The one letter code represents
amino acids.

The following are the steps involved in translation:
• mRNA travels to the ribosome from the nucleus.
The following steps occur in the ribosome:
• The base code in the mRNA determines the order of the amino acids in the protein. The genetic code in mRNA
is read in “words” of three letters (triplets), called codons. There are 20 amino acids used to make proteins,
and different codons code for different amino acids. For example, GGU codes for the amino acid glycine,
while GUC codes for valine.
• tRNA (transfer RNA) reads the mRNA code and brings a specific amino acid to attach to the growing chain
of amino acids. The anticodon on the tRNA binds to the codon on the mRNA. Each tRNA carries only one
type of amino acid and only recognizes one specific codon.
• tRNA is released from the amino acid.
• Three codons, UGA, UAA, and UAG, indicate that the protein should stop adding amino acids. They are
called stop codons and do not code for an amino acid. Once tRNA comes to a stop codon, the protein is set
free from the ribosome.
The following chart ( Figure 5.11) is used to determine which amino acids correspond to which codons.
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FIGURE 5.11
This chart shows the genetic code used
by all organisms. For example, an RNA
codon reading GUU would encode for a
valine (Val) according to this chart. Start
at the center for the first base of the
three base codon, and work your way
out.

Notice that more than one codon

may encode for a single amino acid. For
example, glycine (Gly) is encoded by a
GGG, GGA, GGC, and GGU.

Vocabulary

• anticodon: Sequence on a tRNA molecule that specifically binds to a codon; ensures the proper amino acid is
brought to the ribosome.
• codon: Triplet (3) of bases in the mRNA that codes for a specific amino acid.
• ribosome: Organelle responsible for making proteins.
• stop codon: One of three codons that does not encode for an amino acid; signifies the end of translation.
• translation: Process of reading the mRNA code in the ribosome to make a protein.
• tRNA: the type of RNA that carries the specific amino acid for each protein.
Summary

• Translation is the process of reading the mRNA code in the ribosome to make a protein.
• Sets of three bases on the mRNA, called codons, are read in order to select the correct amino acid for building
a protein.
Explore More

Use the resources below to answer the following questions.
Explore More I

• Cell Translation at http://www.pbslearningmedia.org/asset/lsps07_int_celltrans/
1. What reads the sequence of the mRNA? What are three nucleotides that code for an amino acid called?
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What brings amino acids to the translation site?
What is an anticodon? Where are they found? What is their function?
About how many amino acids are present in your average protein?
How many ribosomes read a single mRNA molecule at the same time? How is this beneficial to the organism?

Explore More II

• Transcribe and Translate a Gene at http://learn.genetics.utah.edu/content/begin/dna/transcribe/
Go to this site to make a protein. Practice and see how fast you can transcribe DNA and translate mRNA.
1. What is the start code for translating an mRNA molecule?
2. How many stop codes are there from translating mRNA? What are they?
3. How many different amino acids are used to make proteins?
Review

1.
2.
3.
4.
5.

108

What is translation?
What is a codon?
What is a stop codon?
What would happen if the stop codon was mutated to encode for another amino acid?
Given the DNA sequence, ATGTTAGCCGTATGC, what is the mRNA sequence? What is the amino acid
sequence?
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5.6 Mutations
•
•
•
•
•

Define mutation.
Distinguish between point mutations and chromosomal mutations.
Explain the outcome from a frameshift mutation.
Describe the types of chromosomal mutations.
Explain how mutations occur.

Would a mutation make you a superhero?
In the comic books, a mutation can give a person superpowers. Do you think this really happens? In real life, a
mutation can be beneficial, or it can harm an organism. For example, beneficial mutations lead to evolution, or
changes over time that help an organism adapt to a changing environment. Harmful mutations can lead to diseases
like cancer. A mutation, while giving you some interesting characteristics, is not likely going to turn you into a
superhero!
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Mutations

The process of DNA replication is not always 100% accurate. Sometimes the wrong base (A, T, C, G) is inserted in
the new strand of DNA. This wrong base could become permanent. A permanent change in the sequence of DNA is
known as a mutation.
Remember, there are billions of combinations in our genotypes, and a mutation may have no effect. However,
sometimes a mutation can cause a protein to be made incorrectly. A defect in the protein can affect how well the
protein works, or whether it works at all. Usually the loss of a protein function is harmful to the organism.
Good Mutations

In rare circumstances, though, the mutation can be beneficial. For example, suppose a mutation in an animal’s DNA
causes the loss of an enzyme that makes a dark pigment in the animal’s skin. If the population of animals has
moved to a light colored environment, the animals with the mutant gene would have a lighter skin color and be better
camouflaged. So in this case, the mutation is beneficial.
Bad Mutations

There are mutations that can cause severe and life threatening conditions. Some well-known inherited genetic
disorders include cystic fibrosis, sickle cell anemia, Tay-Sachs disease and Phenylketonuria, among many others.
All of these disorders are caused by the mutation of a single gene. Scientists estimate that every one of us has
between 5 and 10 potentially deadly mutations in our genes. The good news is that because there’s usually only one
copy of the bad gene, these diseases don’t affect us.
How do Mutations happen?

If a single base is deleted there can be huge effects on the organism because this may cause a shift in the type of
codon produced in the ribosomes. Remember that the bases in the mRNA are read in groups of three called codons.
If the reading frame is off by even one base, the resulting sequence will consist of an entirely different set of codons.
The reading of mRNA is like reading three-letter words of a sentence. Imagine the sentence: “The big dog ate the
red cat.” If you take out the second letter from "big," the letters in the sentence will be shifted so now it will read:
“The bgd oga tet her edc at.” One single deletion makes the whole “sentence” impossible to read.
Possible types of mutations include:

1. Deletion: When a single base of DNA is subtracted, so all the other bases shift to create new codons in the
transcription. These usually results in producing the wrong types of proteins.
2. Insertion: When a single base of DNA is added, so all the other bases shift to create new codons in the
transcription. These also results in producing the wrong types of proteins.
3. Substitution: When a single base of DNA is switched with another type of base. This changes one codon only
and all the other bases stay in their own position to create the original codons in the transcription. These often
result in producing no changes to the types of proteins produced.
Causes of Mutations

Many mutations are not caused by errors in replication. Mutations can happen spontaneously, and they can be
caused by mutagens in the environment. Some chemicals, such as those found in tobacco smoke, can be mutagens.
Sometimes mutagens can also cause cancer. Tobacco smoke, for example, is often linked to lung cancer.
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FIGURE 5.12
In this type of mutation, called insertion,
an extra "A" adenine is inserted into a
codon.

Vocabulary

• Codon - the groups of three-letter bases in the sequence of mRNA.
• Mutation: Change in the DNA sequence so that a base is substituted, deleted or added, causing the rest of the
mRNA to be read incorrectly.
• Mutagen: Chemicals that cause changes in the sequence of DNA.
Summary

• A mutation is a permanent change in the sequence of bases in DNA.
• Mutations occur in the DNA through deletion, insertion, and substitution within the mRNA.
• Mutations can occur due to errors during replication or mutagens in the environment.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Types of Mutations at Understanding Evolution http://evolution.berkeley.edu/evolibrary/article/mutations_0
3
1.
2.
3.
4.

What is an example of a genetic disorder caused by a substitution mutation?
How can a substitution mutation change a protein?
Explain a frameshift mutation.
What can cause a frameshift mutation?

Explore More II

• Gene Regulation at http://www.teachersdomain.org/asset/novat10_int_evodevo/
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Go to this link to see how mutations affect gene regulation. Make sure you make more than one animal and see the
effects of more than one mutation occurring at a time.
1. How do mutations in a part of DNA not associated with a gene generally affect the expression of that gene?
2. What do transcription factor proteins do in an organism?
Review

1.
2.
3.
4.
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Are mutations typically beneficial to the organism?
What can cause DNA to mutate?
What is a frameshift mutation?
Describe two types of chromosomal mutations.
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5.7 Characteristics and Inheritance
• Summarize the importance of Gregor Mendel to genetics.
• Distinguish between self-pollination and cross-pollination.
• Describe Mendel’s first genetics experiments.

Why do you look like your family?
For a long time people understood that traits are passed down through families. The rules of how this worked
were unclear, however. The work of Gregor Mendel was crucial in explaining how traits are passed down to each
generation.

Characteristics and Inheritance

Your characteristics are the physical “traits” that help make you who you are. Traits are qualities, features or other
things that distinguish the organism. Traits can include things like hair color, tooth shape, beak shape, bone size, or
muscle structure. Traits come in two varieties: acquired and inherited.

Acquired Traits

Some organisms, especially the more complex animals, can acquire useful traits. These acquired abilities cannot be
passed on through DNA or genetics, they are learned by experience and trial and error. You can’t inherit someone
else’s knowledge, skills, ideas or memories. Acquired traits include things such as calluses on fingers from manual
labor, larger muscles from regular exercise, or the ability to type. Behaviors that help an organism survive would
also be considered acquired characteristics most of the time. Things like where to hide, what animals to hide from
and other behaviors like that.
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Inherited Traits

There are many traits can be inherited. In organisms, inherited traits must come from a parent or other ancestor. A
trait may seem to skip a generation or two, but if a trait shows up it must have been present in an ancestor. Mutations
are the exception to this rule. Inherited traits include things such as hair color, eye color, muscle structure, bone
structure, and even features like the shape of a nose. Inheritable traits are traits that get passed down from one
generation to the next. This might include things like passing red hair down in a family. For animals it may include
things like the stripes on a tiger, a skunk’s ability to spray, or the flavor of fruit from different apple trees. All plants
and animals that reproduce sexually pass on traits to their offspring.

Mendel’s Experiments

What does the word "inherit" mean? You may have inherited something of value from a grandparent or another
family member. To inherit is to receive something from someone who came before you. You can inherit objects,
but you can also inherit traits. For example, you can inherit a parent’s eye color, hair color, or even the shape of your
nose and ears!
Genetics is the study of inheritance. The field of genetics seeks to explain how traits are passed on from one
generation to the next.
In the late 1850s, an Austrian monk named Gregor Mendel ( Figure 5.13) performed the first genetics experiments.

FIGURE 5.13
Gregor Mendel, the "father" of genetics.

To study genetics, Mendel chose to work with pea plants because they have easily identifiable traits ( Figure 5.14).
For example, pea plants are either tall or short, which is an easy trait to observe. Furthermore, pea plants grow
quickly, so he could complete many experiments in a short period of time.
Mendel also used pea plants because they can either self-pollinate or be cross-pollinated. Self-pollination means
that only one flower is involved; the flower’s own pollen lands on the female sex organs. Cross pollination is done
by hand by moving pollen from one flower to the stigma of another. As a result, one plant’s sex cells combine with
another plant’s sex cells. This is called a "cross." These crosses produce offspring (or "children"), just like when
male and female animals mate. Since Mendel could move pollen between plants, he could carefully control and then
observe the results of crosses between two different types of plants.
He studied the inheritance patterns for many different traits in peas, including round seeds versus wrinkled seeds,
white flowers versus purple flowers, and tall plants versus short plants. Because of his work, Mendel is considered
the "Father of Genetics."
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FIGURE 5.14
Characteristics of pea plants.

Mendel’s First Experiment

In one of Mendel’s early experiments, he crossed a short plant and a tall plant. What do you predict the offspring of
these plants were? Medium-sized plants? Most people during Mendel’s time would have said medium-sized. But
an unexpected result occurred. Mendel observed that the offspring of this cross (called the F1 generation) were all
tall plants!
Next, Mendel let the F1 generation self-pollinate. That means the tall plant offspring were crossed with each other.
He found that 75% of their offspring (the F2 generation) were tall, while 25% were short. Shortness skipped a
generation. But why? In all, Mendel studied seven characteristics, with almost 20,000 F2 plants analyzed. All of his
results were similar to the first experiment—about three out of every four plants had one trait, while just one out of
every four plants had the other.
For example, he crossed purple flowered-plants and white flowered-plants. Do you think the colors blended? No,
they did not. Just like the previous experiment, all offspring in this cross (the F1 generation) were one color: purple.
In the F2 generation, 75% of plants had purple flowers and 25% had white flowers ( Figure 5.15). There was no
blending of traits in any of Mendel’s experiments.

Vocabulary

• cross-pollinate: Moving pollen from one flower to the stigma of another so that one plant’s sex cells combine
with another plant’s sex cells.
• F1 generation: Offspring of a cross.
• F2 generation: Offspring from the self-pollination of the F1 generation.
• genetics: Study of inheritance.
• inherit: To receive something from someone who came before you.
• offspring: Result of a reproductive process; children.
• self-pollinate: Fertilization that occurs when a flower’s own pollen lands on and pollinates the female sex
organs.

Summary

• Gregor Mendel was the father of the field of genetics, which seeks to explain how traits are passed on from
one generation to the next.
• To study genetics, Mendel chose to work with pea plants because they have easily identifiable traits.
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FIGURE 5.15
The results of Mendel’s experiment with
purple flowered and white flowered-plants
numerically matched the results of his
experiments with other pea plant traits.

Explore More

Use the resource below to answer the questions that follow.
• Pea experiment at http://www.sonic.net/~nbs/projects/anthro201/exper/
1. What is a "simple" trait?
2. What is a heterozygote? How is this different than a homozygote?
3. You breed a plant with yellow wrinkled peas with a plant with yellow smooth peas. Both individuals are
homozygous for both traits. What will the peas of the next generation look like?
4. You breed plants with the same traits as in question 3, but this time the smooth trait is heterozygous in the
second individual. What will the peas of the next generation look like?
5. You breed two green wrinkled plants. Will will the next generation look like?
Review

1.
2.
3.
4.
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What is genetics?
Why did Mendel choose to study pea plants?
How did Mendel’s experiments disprove the idea that we are simply a "blend" of our parents’ traits?
What were the results Mendel consistently identified in his experiments?
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5.8 Mendel’s Laws and Genetics
• Distinguish between dominant and recessive traits.
• Explain the law of segregation.

What does it mean to be dominant?
The most powerful or influential individual in a group is sometimes called, "the dominant one". In genetics, a
dominant trait means nearly the same thing. A dominant trait is the most influential trait and masks the other trait.
Dominance

Do you remember what happened when Mendel crossed purple flowered-plants and white flowered-plants? All the
offspring had purple flowers. There was no blending of traits in any of Mendel’s experiments. Mendel had to come
up with a theory of inheritance to explain his results. He developed a theory called the law of segregation.
The Law of Segregation

Mendel proposed that each pea plant had two hereditary factors for each trait. There were two possibilities for each
hereditary factor, such as a purple factor or white factor. One factor is dominant to the other. The other trait that is
masked is called the recessive factor, meaning that when both factors are present, only the effects of the dominant
factor are noticeable ( Figure 5.16). Although you have two hereditary factors for each trait, each parent can only
pass on one of these factors to the offspring. When the sex cells, or gametes (sperm or egg), form, the heredity
factors must separate, so there is only one factor per gamete. In other words, the factors are "segregated" in each
gamete. Mendel’s law of segregation states that the two hereditary factors separate when gametes are formed. When
fertilization occurs, the offspring receive one hereditary factor from each gamete, so the resulting offspring have two
factors.
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FIGURE 5.16
In peas, purple flowers are dominant to white. If one of these purple
flowers is crossed with a white flower, all the offspring will have purple
flowers.

Example Cross

This law explains what Mendel had seen in the F1 generation when a tall plant was crossed with a short plant. The
two heredity factors in this case were the short and tall factors. Each individual in the F1 would have one of each
factor, and as the tall factor is dominant to the short factor (the recessive factor), all the plants appeared tall.
In describing genetic crosses, letters are used. The dominant factor is represented with a capital letter (T for tall)
while the recessive factor is represented by a lowercase letter (t). For the T and t factors, three combinations are
possible: TT, Tt, and tt. TT plants will be tall, while plants with tt will be short. Since T is dominant to t, plants that
are Tt will be tall because the dominant factor masks the recessive factor.
In this example, we are crossing a TT tall plant with a tt short plant. As each parent gives one factor to the F1
generation, all of the F1 generation will be Tt tall plants.
When the F1 generation (Tt) is allowed to self-pollinate, each parent will give one factor (T or t) to the F2 generation.
So the F2 offspring will have four possible combinations of factors: TT, Tt, tT, or tt. According to the laws of
probability, 25% of the offspring would be tt, so they would appear short. And 75% would have at least one T factor
and would be tall.
Vocabulary

• dominant: Trait will appear in the offspring if at least one of the parents contributes it.
• gamete: Sex cell; sperm or egg.
• law of segregation: States that during the production of gametes, the two hereditary factors for each trait
segregate. As a result, offspring receive one factor from each parent, resulting in two factors for each trait in
the offspring.
• recessive: Trait must be contributed by both parents in order to appear in the offspring. If only one parent
contributes the recessive trait, it will be masked by the other, dominant trait.
Summary

• One hereditary factor is dominant to the other. The dominant trait masks the recessive factor, so that when
both factors are present, only the effects of the dominant factor are noticeable.
• According to Mendel’s law of segregation, there are two hereditary factors for each trait that must segregate
during gamete (egg and sperm) production. As a result, offspring receive one factor from each parent, resulting
in two factors for each trait in the offspring.
118

www.ck12.org

Chapter 5. Genetics; DNA

Explore More

Use the resource below to answer the questions that follow.
• Mendel’s Experiment at http://www.mendel-museum.com/experiment/animation.htm
1. In Mendel’s experiments, did it matter if the dominant trait came from the seed plant or the pollen plant?
2. Yellow is a dominant trait in peas. You breed two plants with yellow peas, and some of the offspring’s peas
are green? How can this be? Explain your answer fully.
3. For some of his experiments Mendel saw a 9:3:3:1 ratio, consisting of 9 yellow/smooth, 3 yellow/wrinkled, 3
green/smooth, and 1 green/wrinkled. What did he conclude from this ratio? Explain where these ratios came
from.
Review

1.
2.
3.
4.

What is the difference between a dominant trait and a recessive trait?
Explain the law of segregation.
When Mendel crossed a TT tall plant with a tt short plant, what did he observe in the F1 generation? Why?
If PP purple plants are crossed with pp white plants, what will be the possible combinations of factors if the
F1 generation is allowed to self-pollinate?
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5.9 Punnett Squares
• Explain the relationship between probability and genetics.
• Use a Punnett square to make predictions about the traits of the offspring of a genetic cross.

What’s the chance of the coin landing on heads?
There is always a 50-50 chance that a coin will land on heads. Half the time it will land on heads and half the time it
will land on tails. What is the chance of it landing heads twice in a row? Or three times? These rules of probability
also apply to genetics. If a parent has one dominant and one recessive factor for a trait, then, on average, half the
time the dominant factor will be passed on, and half the time the recessive factor will be passed on.
Probability and Punnett Squares

A Punnett square is a special tool derived from the laws of probability. It is used to predict the offspring from a
cross, or mating between two parents.
An example of a Punnett square ( Figure 5.17) shows the results of a cross between two purple flowers that each
have one dominant factor and one recessive factor (Bb).
To create a Punnett square, perform the following steps:
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FIGURE 5.17
The Punnett square of a cross between two purple flowers (Bb).

1. Take the factors from the first parent (male in animals) and place them at the top of the square (B and b).
2. Take the factors from the second parent (female in animals) and line them up on the left side of the square (B
and b).
3. Drop the factors from the top of the square into the boxes below.
4. Drag the factors from the side of the square over to the boxes next to them.
The possible offspring are represented by the letters in the boxes, with one factor coming from each parent.
Results:
•
•
•
•

Top left box: BB, or purple flowers
Top right box: Bb, or purple flowers
Lower left box: Bb, or purple flowers
Lower right box: bb, or white flowers

Only one of the plants out of the four, or 25% of the plants, has white flowers (bb). The other 75% have purple
flowers (BB, Bb), because the purple factor (B) is the dominant factor. This shows that the color purple is the
dominant trait in pea plants.
Now imagine you cross one of the white flowers (bb) with a purple flower that has both a dominant and recessive
factor (Bb). The only possible gamete in the white flower is recessive (b), while the purple flower can have gametes
with either dominant (B) or recessive (b).
Practice using a Punnett square with this cross (see Table 5.1).

TABLE 5.1: White Flower (bb) Crossed with Purple Flower (Bb)
b
Bb
bb

B
b

b
Bb
bb

Did you find that 50% of the offspring will be purple, and 50% of the offspring will be white?
Vocabulary

• dominant trait: Trait that will appear in the offspring if at least one of the parents contributes it.
• Punnett square: Chart that is used to predict the outcome of a particular cross.
Summary

• A Punnett square is a special tool used to predict the offspring from a cross, or mating between two parents.
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1. What are Mendel’s two rules of heredity?
2. If a pure bred black rabbit and a white rabbit mate, what sill their potential offspring look like?
3. If two hybrid Ff rabbits mate, what will the offspring look like?
Explore More II

• Punnett Square Calculator at http://scienceprimer.com/punnett-square-calculator
1. If you cross an Aa individual with another Aa individual, what will the genotype ratio be in the next generation?
What will be the phenotype ratio?
2. If you cross an AABb individual with an Aabb individual, what will the genotype ratio be in the next generation? What will be the phenotype ratio?
3. If you cross an AAbb individual with an aabb individual, what will the genotype ratio be in the next generation?
What will be the phenotype ratio?
Review

1. In peas, yellow seeds (Y) are dominant over green seeds (y). If a yy plant is crossed with a YY plant, what ratio
of plants in the offspring would you predict?
2. What ratio of plants in the offspring would you predict from a Yy x Yy cross?
3. In guinea pigs, smooth coat (S) is dominant over rough coat (s). If an SS guinea pig is crossed with an ss
guinea pig, what ratio of guinea pigs in the offspring would you predict?
4. What ratio of guinea pigs in the offspring would you predict from a Ss x ss cross?
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5.10 Modern Genetics
•
•
•
•

Define allele.
Compare heterozygous to homozygous.
Distinguish genotype from phenotype.
Compare Mendel’s laws with the modern understanding of chromosomes.

Did Mendel know about DNA?
No, in the 1800’s or Mendel’s time, people did not understand that DNA is our hereditary material. Our modern
understanding of DNA and chromosomes helped to explain how Mendel’s rules worked.
Modern Genetics

Mendel laid the foundation for modern genetics, but there were still a lot of questions he left unanswered. What
exactly are the dominant and recessive factors that determine how all organisms look? And how do these factors
work?
Since Mendel’s time, scientists have discovered the answers to these questions. Genetic material is made out of
DNA. It is the DNA that makes up the hereditary factors that Mendel identified. By applying our modern knowledge
of DNA and chromosomes, we can explain Mendel’s findings and build on them. In this concept, we will explore
the connections between Mendel’s work and modern genetics.
Traits, Genes, and Alleles

Recall that our DNA is wound into chromosomes. Each of our chromosomes contains a long chain of DNA that
encodes hundreds, if not thousands, of genes. Each of these genes can have slightly different versions from individual
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to individual. These variants of genes are called alleles.
For example, remember that for the height gene in pea plants there are two possible factors. These factors are alleles.
There is a dominant allele for tallness (T) and a recessive allele for shortness (t).
Genotype and Phenotype

Genotype is a way to describe the combination of alleles that an individual has for a certain gene ( Table 5.2). For
each gene, an organism has two alleles, one on each chromosome of a homologous pair of chromosomes (think of it
as one allele from Mom, one allele from Dad). The genotype is represented by letter combinations, such as TT, Tt,
and tt.
When an organism has two of the same alleles for a specific gene, it is homozygous (homo- means "same") for that
gene. An organism can be either homozygous dominant (TT) or homozygous recessive (tt). If an organism has two
different alleles (Tt) for a certain gene, it is known as heterozygous (hetero- means different).

TABLE 5.2: Genotypes
Genotype
Homozygous
Heterozygous
Homozygous dominant
Homozygous recessive

Definition
Two of the same allele
One dominant allele and one recessive allele
Two dominant alleles
Two recessive alleles

Example
TT or tt
Tt
TT
tt

Phenotype is a way to describe the traits you can see. The genotype is like a recipe for a cake, while the phenotype
is like the cake made from the recipe. The genotype expresses the phenotype. For example, the phenotypes of
Mendel’s pea plants were either tall or short, or they were purple-flowered or white-flowered.
Can organisms with different genotypes have the same phenotypes? Let’s see.
What is the phenotype of a pea plant that is homozygous dominant (TT) for the tall trait? Tall. What is the phenotype
of a pea plant that is heterozygous (Tt)? It is also tall. The answer is yes, two different genotypes can result in the
same phenotype. Remember, the recessive phenotype will be expressed only when the dominant allele is absent, or
when an individual is homozygous recessive (tt) ( Figure 5.18).

FIGURE 5.18
Different genotypes (AA, Aa, aa or TT,
Tt, tt) will lead to different phenotypes, or
different appearances of the organism.
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Vocabulary

•
•
•
•
•
•
•

allele: Variant of genes.
chromosome: Structure composed of DNA wrapped around proteins.
DNA (deoxyribonucleic acid): Hereditary material of a cell.
genotype: Describes the combination of alleles that an individual has for a certain gene.
homozygous: Having two of the same alleles for a specific gene.
heterozygous: Having two different alleles for a specific gene.
phenotype: Describes observable traits.

Summary

• Mendel’s hereditary "factors" are variants of genes called alleles.
• Genotype describes the combination of alleles that an individual has for a certain gene, while phenotype
describes the traits that you can see.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Link Between Genotype and Phenotype at http://www.sciencelearn.org.nz/Contexts/Uniquely-Me/Sci-Medi
a/Video/Researching-the-link-between-genotype-and-phenotype
1. When geneticists look at genotype, what are they really studying?
2. Why do geneticists like to turn genes off? What question(s) do they ask?
Explore More II

• iPlant Genotype to Phenotype at http://www.youtube.com/watch?v=nIh0Qy_CZsU (3:49)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57306

1. Do most of the complex phenotypes we observe come from a single gene?
2. What has led to the rapid analysis of DNA? Where do scientists now hope to apply these tools?
3. What are some of the phenotypic plant traits that scientists are investigating? Why do you think these traits
were chosen?
Review

1. What is an allele?
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2. What is the type of allele that only affects the phenotype in the homozygous condition?
3. If two individuals have a certain phenotype, does that mean they must have the same genotype?
4. A tall, green plant is homozygous for each trait. If T is the tall allele, and G is the green allele, what is the
genotype and the phenotype of this plant?
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5.11 Non-Mendelian Inheritance
• Distinguish incomplete dominance from codominance.
• Describe the genetics of ABO blood types in humans.

How would Mendel explain blood types?
The inheritance of traits is not always as simple as Mendel’s rules. Each characteristic Mendel investigated was
controlled by one gene that had only two possible alleles, one of which was completely dominant over the other. We
now know that inheritance is often more complicated than this. In blood types, for example, there are actually three
alleles instead of two.

Exceptions to Mendel’s Rules

In all of Mendel’s experiments, he worked with traits where a single gene controlled the trait. Each also had one
allele that was always dominant over the recessive allele. But this is not always true.
There are exceptions to Mendel’s rules, and these exceptions usually have something to do with the dominant allele.
If you cross a homozygous red flower with a homozygous white flower, according to Mendel’s laws, what color
flower should result from the cross? Either a completely red or completely white flower, depending on which allele
is dominant. But since Mendel’s time, scientists have discovered this is not always the case. Hence, pink flowers are
now pretty and explainable.
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Incomplete Dominance

One allele is NOT always completely dominant over another allele. Sometimes an individual has a phenotype
between the two parents because one allele is not dominant over another. This pattern of inheritance is called
incomplete dominance. For example, snapdragon flowers show incomplete dominance. One of the genes for
flower color in snapdragons has two alleles, one for red flowers and one for white flowers.
A plant that is homozygous for the red allele (RR) will have red flowers, while a plant that is homozygous for the
white allele will have white flowers (WW). But the heterozygote will have pink flowers (RW) ( Figure 5.19). Neither
the red nor the white allele is dominant, so the phenotype of the offspring is a blend of the two parents.

FIGURE 5.19
Pink snapdragons are an example of incomplete dominance.

Another example of incomplete dominance is with sickle cell anemia, a disease in which a blood protein called
hemoglobin is produced incorrectly. This causes the red blood cells to have a sickle shape, making it difficult for
these misshapen cells to pass through the smallest blood vessels. A person that is homozygous recessive (ss) for
the sickle cell trait will have red blood cells that all have the incorrect hemoglobin. A person who is homozygous
dominant (SS) will have normal red blood cells.
What type of blood cells do you think a person who is heterozygous (Ss) for the trait will have? They will have some
misshapen cells and some normal cells ( Figure 5.20). Both the dominant and recessive alleles are expressed, so the
result is a phenotype that is a combination of the recessive and dominant traits.

FIGURE 5.20
Sickle cell anemia causes red blood cells to become misshapen and
curved unlike normal, rounded red blood cells.
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Codominance

Another exception to Mendel’s laws is a phenomenon called codominance. For example, our blood type shows
codominance. Do you know what your blood type is? Are you A? O? AB? Those letters actually represent alleles.
Unlike other traits, your blood type has three alleles, instead of two!
The ABO blood types ( Figure 5.21) are named for the protein attached to the outside of the blood cell. In this
case, two alleles are dominant and completely expressed (IA and IB ), while one allele is recessive (i). The IA allele
encodes for red blood cells with the A antigen, while the IB allele encodes for red blood cells with the B antigen.
The recessive allele (i) does not encode for any proteins. Therefore a person with two recessive alleles (ii) has type
O blood. As no dominant (IA and IB ) allele is present, the person cannot have type A or type B blood.

FIGURE 5.21
An example of codominant inheritance is
ABO blood types.

There are two possible genotypes for type A blood, homozygous (IA IA ) and heterozygous (IA i), and two possible
genotypes for type B blood, (IB IB and IB i). If a person is heterozygous for both the IA and IB alleles, they will
express both and have type AB blood with both proteins on each red blood cell.
This pattern of inheritance is significantly different than Mendel’s rules for inheritance, because both alleles are
expressed completely, and one does not mask the other.

Vocabulary

• codominance: Form of inheritance in which both alleles are expressed equally in the phenotype of the
heterozygote.
• incomplete dominance: Form of inheritance in which one allele for a specific trait is not completely dominant
over the other allele, resulting in an intermediate phenotype.
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Summary

• Incomplete dominance, as seen in sickle cell anemia, is a form of inheritance in which one allele is only partly
dominant over the other allele, resulting in an intermediate phenotype.
• Codominance, as in human blood type, is a form of inheritance in which both alleles are expressed equally in
the phenotype of the heterozygote.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Incomplete Dominance at http://www.ksu.edu/biology/pob/genetics/incom.htm
1. A species exists with three color types, (blue, yellow and green). You breed a yellow (bb) individual with a
blue (BB) individual, and all the offspring are green. Which trait is dominant? Explain your reasoning.
2. You now breed the green offspring with a yellow individual. What will their offspring look like? Explain your
answer.
3. You now breed a green individual with a blue individual. What will their offspring look like? Explain your
answer.
Explore More II

• Incomplete Dominance and Codominance at http://www2.edc.org/weblabs/incompletedom/incompletedomi
nance.html
1.
2.
3.
4.
5.

When one trait is said to cancel out another trait, what kind of relationship is said to exist?
What is an allele?
If a trait is said to show incomplete dominance, can it be a simple trait? Explain your answer fully.
What is found on the surface of red blood cells in humans that determines blood type?
Is blood type an example of incomplete dominance or codominance? Explain your reasoning and be as specific
as you can.

Review

1. A dark purple flower is crossed with a white flower of the same species, and the offspring have light purple
flowers. What type of inheritance does this describe? Explain.
2. What is the inheritance pattern in which both alleles are expressed?
3. What is the genotype of a person with type O blood?
4. What is the genotype(s) of a person with type AB blood?
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5.12 Sex-linked Inheritance
• Define sex-linked trait.
• Explain the genetics of sex determination in humans.
• Explain sex-linked inheritance.

Male or female?
One of the exciting things about expecting a child is wondering if the baby will be a boy or a girl. There are many
superstitions about how one might influence or predict the outcome. But what really determines if a baby is male or
female? We now know that the gender of a baby is determined by a special pair of chromosomes known as the sex
chromosomes (X and Y).
Sex-linked Inheritance

What determines if a baby is a male or female? Recall that you have 23 pairs of chromosomes—and one of those
pairs is the sex chromosomes. Everyone has two sex chromosomes. Your sex chromosomes can be X or Y. Females
have two X chromosomes (XX), while males have one X chromosome and one Y chromosome (XY).
If a baby inherits an X chromosome from the father and an X chromosome from the mother, what will be the child’s
sex? The baby will have two X chromosomes, so it will be female. If the father’s sperm carries the Y chromosome,
the child will be male. Notice that a mother can only pass on an X chromosome, so the sex of the baby is determined
by the father. The father has a 50 percent chance of passing on the Y or X chromosome, so there is a 50 percent
chance that a child will be male, and there is a 50 percent chance a child will be female.
One special pattern of inheritance that doesn’t fit Mendel’s rules is sex-linked inheritance, referring to the inheritance of traits that are located on genes on the sex chromosomes. Since males and females do not have the same
sex chromosomes, there will be differences between the sexes in how these sex-linked traits—traits linked to genes
located on the sex chromosomes—are expressed.
One example of a sex-linked trait is red-green colorblindness. People with this type of colorblindness cannot tell the
difference between red and green. They often see these colors as shades of brown ( Figure 5.22). Boys are much
more likely to be colorblind than girls ( Table 5.3). This is because colorblindness is a sex-linked, recessive trait.
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Boys only have one X chromosome, so if that chromosome carries the gene for colorblindness, they will be
colorblind. As girls have two X chromosomes, a girl can have one X chromosome with the colorblind gene and
one X chromosome with a normal gene for color vision. Since colorblindness is recessive, the dominant normal
gene will mask the recessive colorblind gene. Females with one colorblindness allele and one normal allele are
referred to as carriers. They carry the allele but do not express it.
How would a female become colorblind? She would have to inherit two genes for colorblindness, which is very
unlikely. Many sex-linked traits are inherited in a recessive manner.

FIGURE 5.22
A person with red-green colorblindness
would not be able to see the number.

TABLE 5.3: Cross Between a Female Carrier for Colorblindness and a Male with Normal Vision
Xc
Xc X
(carrier female)
Xc Y
(colorblind male)

X
Y

X
XX
(normal female)
XY
(normal male)

According to this Punnett square ( Table 5.3), the son of a woman who carries the colorblindness trait and a male
with normal vision has a 50% chance of being colorblind.

Vocabulary

• carrier: Person who carries the recessive allele for a trait but does not express the trait.
• sex chromosomes: Chromosomes that determine the sex of the individual.
• sex-linked inheritance: Inheritance of traits that are encoded for in genes on the sex chromosomes.
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• sex-linked trait: Trait linked to genes located on the sex chromosomes.
Summary

• Each individual has two sex chromosomes; females have two X chromosomes (XX), while males have one X
chromosome and one Y chromosome (XY).
• Sex-linked traits are located on genes on the sex chromosomes.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Sex-linked Traits at http://www.youtube.com/watch?v=H1HaR47Dqfw (5:16)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/282

1.
2.
3.
4.

What was unusual about the F2 generations in Morgan’s crosses?
According to Morgan, where is the gene for eye color located?
How did Morgan test his hypothesis on the location of the eye color gene?
What are three traits that humans have that are related to genes exclusive to the X-chromosome?

The "Morgan" referred to in the above clip is Thomas Hunt Morgan. You can find out more about him and his work
here: http://www.nature.com/scitable/topicpage/thomas-hunt-morgan-and-sex-linkage-452 .
Explore More II

• Inheritance of Sex-linked Traits at http://www.youtube.com/watch?v=IJqFk-28G08 (4:49)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57305

1. What are the three types of color blindness? How are they caused?
2. What is the "Law of Dominance"?
3. Can a woman have colorblindness if her father does not? Explain your answer fully.
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4. A woman is color blind but her sister isn’t. What does that tell you about their parents
If you’re still puzzled by sex-linked traits you can go to this site for more practice solving problems. Make sure you
make good use of the "hints" on the site.
• Sex-linked genes at http://www.ksu.edu/biology/pob/genetics/xlinked.htm
Review

1.
2.
3.
4.
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What are the sex chromosomes of a male and a female?
Explain why the father determines the sex of the child.
What is sex-linked inheritance?
A son cannot inherit colorblindness from his father. Why not?
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5.13 Chromosomal Disorders
• Describe the genetics of Down syndrome.
• Explain how changes in chromosomes can cause disorders in humans.

Can you have too many chromosomes?
Yes, it’s not a good thing to have extra chromosomes. Humans should have 46 total chromosomes. An extra
chromosome can be fatal to an embryo. In the case of a few chromosomes, however, a baby may be born with an
extra chromosome. This child will have a chromosomal disorder.
Chromosomal Disorders

Some children are born with genetic defects that are not carried by a single gene. Instead, an error in a larger part
of the chromosome or even in an entire chromosome causes the disorder. Usually the error happens when the egg or
sperm is forming. Having extra chromosomes or damaged chromosomes can cause disorders.
Extra Chromosomes

One common example of an extra-chromosome disorder is Down syndrome ( Figure 5.23). Children with Down
syndrome are mentally disabled and also have physical deformities. Down syndrome occurs when a baby receives
an extra chromosome 21 from one of his or her parents. Usually, a child will receive one chromosome 21 from the
mother and one chromosome 21 from the father. In an individual with Down syndrome, however, there are three
copies of chromosome 21 ( Figure 5.24). Therefore, Down syndrome is also known as Trisomy 21.
Outside of chromosome 21 and the sex chromosomes, most embryos with extra chromosomes do not usually survive.
Because chromosomes carry many, many genes, a disruption of a chromosome can cause severe problems with the
development of a fetus.
Damaged Chromosomes

Chromosomal disorders also occur when part of a chromosome becomes damaged. For example, if a tiny portion
of chromosome 5 is missing, the individual will have cri du chat (cat’s cry) syndrome. These individuals have
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FIGURE 5.23
A child with Down syndrome.

FIGURE 5.24
Chromosomes of a person with Down
Syndrome. Notice the extra chromosome
21.

misshapen facial features, and the infant’s cry resembles a cat’s cry.

Vocabulary

• Down syndrome: Chromosomal disorder that results when an embryo inherits an extra chromosome 21.
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Summary

• Changes in chromosome number can lead to disorders like Down syndrome.
• Chromosomal disorders also occur when part of a chromosome becomes damaged
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Down Syndrome at http://www.ygyh.org/ds/whatisit.htm
1. Are all cases of Down Syndrome the result of inheritance?
2. Do all cases of Down Syndrome have a complete extra chromosome? Explain your answer fully.
3. How can a fetus be screened for Down syndrome?
Explore More II

• Understanding Rare Chromosome Disorders at http://www.youtube.com/watch?v=k4Lps1kIyR0 (8:11)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57298

1.
2.
3.
4.

What do all people diagnosed with a chromosome disorder share?
What is a clinical geneticist? What are they trained to do that is different from a regular doctor?
What is a karyotype?
Do chromosomal disorders always involve extra genetic material? Explain your answer.

Review

1.
2.
3.
4.

What is a chromosomal disorder?
Explain what causes Down Syndrome.
When do chromosomal defects occur?
What happens to most embryos with extra chromosomes? Explain your answer.
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5.14 Genetic Engineering
• Define recombinant DNA.
• Summarize the steps of gene cloning.

Can we alter DNA?
You might think that DNA is stable and unchangeable. For the most part you are right. However, there are new
technologies that allow us to alter the DNA of humans and other organisms.
Recombinant DNA

Recombinant DNA is the combination of DNA from two different sources. For example, it is possible to place
a human gene into bacterial DNA. Recombinant DNA technology is useful in gene cloning and in identifying the
function of a gene.
Recombinant DNA technology can also be used to produce useful proteins, such as insulin. To treat diabetes, many
people need insulin. Previously, insulin had been taken from animals. Through recombinant DNA technology,
bacteria were created that carry the human gene which codes for the production of insulin. These bacteria become
tiny factories that produce this protein. Recombinant DNA technology helps create insulin so it can be used by
humans.
Recombinant DNA technology is used in gene cloning. A clone is an exact copy. Genes are cloned for many reasons,
including use in medicine and in agriculture.
Below are the steps used to copy, or clone, a gene:
1. A gene or piece of DNA is put in a carrier molecule, producing a recombinant DNA molecule.
2. The new DNA is placed into a host cell, such as a bacterium.
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3. The gene is copied (or cloned) inside of the bacterium. As the bacterial DNA is copied, so is the new DNA. As
the bacteria divide, the recombinant DNA molecules are divided between the new cells. Over a 12- to 24-hour
period, millions of copies of the cloned DNA are made.
4. The cloned DNA can produce a protein (like insulin) that can be used in medicine or in research.
Vocabulary

• clone: To make a copy.
• recombinant DNA: Combination of DNA from two different sources.
Summary

• Recombinant DNA is the combination of DNA from two different sources.
• Gene cloning is making an exact copy of a gene.
Explore More

Use the resource below to answer the questions that follow.
• Stanley Cohen and Herbert Boyer at http://www.dnalc.org/view/16033-Stanley-Cohen-and-Herbert-Boyer1972.html
1. What bacteria were used to create the first recombinant DNA?
2. What does DNA ligase do? How is it used in recombinant DNA technology?
3. What did Cohen and Boyer do to get a bacteria to take up the recombinant plasmid they had made?
Review

1. What is recombinant DNA technology?
2. Explain the process of gene cloning.
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5.15 Human Genome Project
• Explain the significance of the Human Genome Project.

What is your genetic code?
The sequence of letters above represents bases in someone’s DNA. It is now possible to find out a person’s entire
genetic code by determining all the bases in his or her DNA. What might be the benefits?
Human Genome Project

A person’s genome is all of his or her genetic information. In other words, the human genome is all the information
that makes us human.
The Human Genome Project ( Figure 5.25) was an international effort to sequence all 3 billion bases that make up
our DNA and to identify within this code more than 20,000 human genes. Scientists also completed a chromosome
map, identifying where the genes are located on each of the chromosomes. The Human Genome Project was
completed in 2003. Though the Human Genome Project is finished, analysis of the data will continue for many
years.
Exciting applications of the Human Genome Project include the following:
• The genetic basis for many diseases can be more easily determined. Now there are tests for over 1,000 genetic
disorders.
• The technologies developed during this effort, and since the completion of this project, will reduce the cost of
sequencing a person’s genome. This may eventually allow many people to sequence their individual genome.
• Analysis of your own genome could determine if you are at risk for specific diseases.
• Knowing you might be genetically prone to a certain disease would allow you to make preventive lifestyle
changes or have medical screenings.
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FIGURE 5.25
To complete the Human Genome Project,
all 23 pairs of chromosomes in the human
body were sequenced.

Each chromo-

some contains thousands of genes. This
is a karyotype, a visual representation of
an individual’s chromosomes lined up by
size.

Vocabulary

• genome: Complete genetic code of an organism.
• Human Genome Project: International effort to sequence all 3 billion bases that make up our DNA and to
identify within this code more than 20,000 human genes.
Summary

• The Human Genome Project involved an international effort to sequence all 3 billion bases that make up our
DNA and to identify within this code more than 20,000 human genes.
• Analysis of your own genome could determine if you are at risk for specific diseases.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Personal Genome Project at http://www.personalgenomes.org
1. What is the goal of the personal genome project?
2. What information are they seeking besides a person’s genome?
3. Why participate in the PGP?
Review

1. What is a person’s genome?
2. Describe the Human Genome Project.
3. Would you want to know your own genome? Why or why not?
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5.16 Gene Therapy
• Define gene therapy.
• Describe gene therapy.
• Distinguish in vivo gene therapy from ex vivo gene therapy.

Can doctors fix your DNA?
There are many genetic disorders that are due to a single gene. What if we could fix this faulty gene? With the
development of gene therapy, that may be possible for many types of genetic disorders.

Gene Therapy

Gene therapy is the insertion of genes into a person’s cells to cure a genetic disorder. Could gene therapy be the cure
for AIDS? No, AIDS is caused by a virus. Gene therapy only works to fix disorders caused by a faulty gene. The
patient would have had this disorder from birth. Though gene therapy is still in experimental stages, the common
use of this therapy may occur during your lifetime.
There are two main types of gene therapy:
1. One done inside the body ( in vivo).
2. One done outside the body ( ex vivo).
Both types of gene therapy use a vector, or carrier molecule for the gene. The vector helps incorporate the desired
gene into the patient’s DNA. Usually this vector is modified viral DNA in which the viral genes have been removed.
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In Vivo Gene Therapy

During in vivo gene therapy, done inside the body, the vector with the gene of interest is introduced directly into the
patient and taken up by the patient’s cells ( Figure 5.26). For example, cystic fibrosis gene therapy is targeted at
the respiratory system, so a solution with the vector can be sprayed into the patient’s nose. Recently, in vivo gene
therapy was also used to partially restore the vision of three young adults with a rare type of eye disease.

FIGURE 5.26
During gene therapy, adenovirus is a possible vector to carry the desired gene and
insert it into the patient’s DNA.

In ex vivo gene therapy, done outside the body, cells are removed from the patient and the proper gene is inserted
using a virus as a vector. The modified cells are placed back into the patient.
One of the first uses of this type of gene therapy was in the treatment of a young girl with a rare genetic disease,
adenosine deaminase deficiency, or ADA deficiency. People with this disorder are missing the ADA enzyme, which
breaks down a toxin called deoxyadenosine. If the toxin is not broken down, it accumulates and destroys immune
cells. As a result, individuals with ADA deficiency do not have a healthy immune system to fight off infections. In
the gene therapy treatment for this disorder, bone marrow stem cells were taken from the girl’s body, and the missing
gene was inserted into these cells outside the body. Then the modified cells were put back into her bloodstream.
This treatment successfully restored the function of her immune system, but only with repeated treatments.

Vocabulary

•
•
•
•

ex vivo: Performed in an artificial environment outside the living organism.
gene therapy: Insertion of genes into a person’s cells to cure a genetic disorder.
in vivo: Performed inside the living organism.
vector: Carrier molecule for a segment of DNA.
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Summary

• Gene therapy, the insertion of genes into a person’s cells to cure a genetic disorder, can be ex vivo (outside the
body) or in vivo (inside the body).
• Gene therapy is still in the experimental stages, but some trials have been successful.
Explore More

Use the resources below to answer the questions that follow.
• What is Gene Therapy? at http://learn.genetics.utah.edu/content/genetherapy/gtintro/ .
• Gene Delivery: Tools Of The Trade at http://learn.genetics.utah.edu/content/genetherapy/gttools/ .
1. What is an "ionic gradient"? How does cystic fibrosis affect the ionic gradient in cells? What effect does this
have?
2. What five questions need to be answered to determine if a disease is a good candidate for gene therapy?
3. Why would an adenovirus vector be a bad choice for treating cystic fibrosis?
4. What is a good choice for a viral vector?
Review

1. What is gene therapy?
2. Could gene therapy someday cure the common cold? Why or why not?
3. What’s the difference between ex vivo and in vivo gene therapy?

144

www.ck12.org

Chapter 5. Genetics; DNA

5.17 Biotechnology in Agriculture
• Define transgenic crop.
• Explain how biotechnology can be used in agriculture.

Have you ever eaten genetically engineered foods?
Most likely, the answer is yes. The majority of the corn in the United States is genetically engineered. Corn syrup
is used to sweeten many things, like this soft drink. Corn is also fed to the cows that provided this hamburger. Even
the lettuce and tomatoes for the ketchup could have been genetically engineered.
Biotechnology in Agriculture

Biotechnology is changing the genetic makeup of living things to make a useful product. Biotechnology has
led scientists to develop useful applications in agriculture and food science. These include the development of
transgenic crops. In transgenic crops, genes are placed into plants to give the crop a beneficial trait. Benefits
include:
• Improved yield from crops.
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Increased resistance of crops to environmental stresses.
Increased nutritional qualities of food crops.
Improved taste, texture or appearance of food.
Reduced dependence on fertilizers, insecticides, and other chemicals.

Crops are obviously dependent on environmental conditions. Drought can destroy crop yields, as can too much rain
and floods. But what if crops could be developed to withstand these harsh conditions?
Biotechnology will allow the development of crops containing genes that will help them to withstand harsh conditions. For example, drought and salty soil are two significant factors affecting how well crops grow. But there are
crops that can withstand these harsh conditions. Why? Probably because of that plant’s genetics. So scientists are
studying plants that can cope with these extreme conditions. They hope to identify and isolate the genes that control
these beneficial traits. The genes could then be transferred into more desirable crops, with the hope of producing the
same traits in those crops.
Thale cress ( Figure 5.27), a species of Arabidopsis (Arabidopsis thaliana), is a tiny weed that is often used for
plant research, because it is very easy to grow, and its DNA has been mapped. Scientists have identified a gene from
this plant, At-DBF2, that gives the plant resistance to some environmental stresses. When this gene is inserted into
tomato and tobacco cells, the cells were able to withstand environmental stresses like salt, drought, cold, and heat
far better than ordinary cells. If these results prove successful in larger trials, then At-DBF2 genes could help in
engineering crops that can better withstand harsh environments.

FIGURE 5.27
Thale cress (Arabidopsis thaliana).

Vocabulary

• Arabidopsis (Arabidopsis thaliana): Tiny weed that is often used for plant research, because it is very easy to
grow, and its DNA has been mapped.
• biotechnology: Changing the genetic makeup of living things to make a useful product.
• transgenic: Containing a gene transferred from another organism.
Summary

• Transgenic crops have extra genes that were placed into them to give the crop a beneficial trait.
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• In the future, crops may be genetically altered to withstand harsh conditions.
Explore More

Use the resource below to answer the questions that follow.
• How Do You Disable A Gene at http://www.youtube.com/watch?v=QEbVpj7EbwU (6:19)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57299

1.
2.
3.
4.

What approach do scientists use to disable genes in Arabidopsis? How does this work?
What do scientists use to insert DNA into Arabidopsis?
Can scientists insert whole genes into a plant’s genome?
How are the Araidopsis mutants valuable to botanists in general?

Review

1. What is a transgenic plant?
2. What are three examples of how biotechnology might be used in agriculture?

Summary
Molecular Biology and Genetics focuses on DNA and how proteins are made, and how genetic information is passed
from one generation to the next. DNA is the genetic material, which is the material passed from parents to offspring.
It also contains mRNA that leaves the nucleus and, together within a ribosome, makes proteins. Beginning with
Mendel’s pea plants, genetics has become one of the most important fields of biology. Human genetics affects many,
if not every, field of medicine. Technologies associated with genetics are involved in developing products to make
our lives better but have raised a number of ethical, legal, and social issues.
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Introduction

Do dinosaurs prove evolution?
For millions of years dinosaurs roamed and dominated the planet. Then 65 million years ago, they went extinct. It’s
hard to argue that dinosaurs did not exist, but where did they come from? Where are they now? What has happened
to Earth since they left. In this unit we will learn that Evolution is the "change in species over time." We will also
learn how new species can develop and what events could cause existing species to go extinct.
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6.1 Origins of Life
• Describe the conditions of the early atmosphere.
• Explain how the first organic molecules and cells arose.

What did the first life forms look like?
The first forms of life on Earth were probably smaller and simpler than even these bacteria. The first forms of life
had to be simple single-celled organisms. But how did life begin on Earth?
Origin of Life

There is good evidence that life has probably existed on Earth for most of Earth’s history. Fossils of blue-green algae
found in Australia are the oldest fossils of life forms on Earth. They are at least 3.5 billion years old ( Figure 6.1).
Life from Random Reactions

How did life begin? In order to answer this question, scientists need to know what kinds of materials were available
at that time. We know that the ingredients for life were present at the beginning of Earth’s history. Scientists believe
early Earth did not contain oxygen gas, but did contain other gases, including:
•
•
•
•
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FIGURE 6.1
Some of the oldest fossils on Earth were
found along the coast of Australia, similar
to the area shown here.

• hydrogen sulfide.
Where did these ingredients come from? Some chemicals were in water and volcanic gases ( Figure 6.2). Other
chemicals would have come from meteorites in space. Energy to drive chemical reactions was provided by volcanic
eruptions and lightning. Today, we have evidence that life on Earth came from random reactions between chemical compounds, which formed molecules, or groups of atoms bonded together. Small molecules, such as those
present in the early atmosphere, can provide the components (including the elements C, H, N, O and S) to make
larger molecules. These early molecules further reacted and eventually formed even larger molecules and organic
compounds, such as amino acids (and then proteins), and nucleotides (which form nucleic acids - RNA or DNA).
These molecules eventually came together in the right combinations to form basic cells. The components that were
necessary for the formation of the first cells are still being studied.
How long did it take to develop the first life forms? As much as 1 billion years. Many scientists still study the origin
of the first life forms because there are many questions left unanswered, such as, "Did proteins or nucleic acids
develop first?" or "What exactly were early Earth’s atmospheric conditions like?" There is a lot of work still left to
answer these and similar questions.

Summary

• Life has probably existed on Earth for most of Earth’s history.
• Life on Earth came from random reactions between chemical compounds, which formed molecules.

Explore More

Use the resource below to answer the questions that follow.
• Thrombolites Differ From Stromatolites at http://www.youtube.com/watch?v=liKu6rC80gU (6:24)
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FIGURE 6.2
Some clues to the origins of life on Earth
come from studying the early life forms
that developed in hot springs, such as the
Grand Prismatic Spring at Yellowstone
National Park.

This spring is approxi-

mately 250 feet deep and 300 feet wide.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57481

1. What are the environmental conditions like in Shark Bay? How does this differ from other oceanic conditions?
2. What type of organism do scientists believe was responsible for the increase in oxygen (O2 ) in the Earth’s
atmosphere?
3. What types of structures did these organisms build that scientists are studying today? How old are the oldest
of these structures?
4. When did the abundance of stromatolites go into decline? What else happened at this time?
5. What are thrombolites? How do they differ from stromatolites?
Review

1.
2.
3.
4.
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How did life on Earth begin?
Describe how the early atmosphere of Earth was different than it is today.
List three gases present in the early atmosphere.
How long did it take to develop the first life forms?
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6.2 Fossils
• Define fossil.
• Explain radiometric dating.
• Discuss the significance of the fossil record as evidence for evolution.

What’s on this rock?
This rock contains a portion of a fossilized tree fern. Scientists study fossils of plants, animals, and other organisms
in order to better understand what life was like on Earth many years ago and how it has changed over time. Fossils
are important evidence for the theory of evolution.

The Fossil Record

Fossils are the preserved remains of animals, plants, and other organisms from the distant past. Examples of fossils
include bones, teeth, and impressions. By studying fossils, evidence for evolution is revealed. Paleontologists are
scientists who study fossils to learn about life in the past. Paleontologists compare the features of species from
different periods in history. With this information, they try to understand how species have evolved over millions of
years ( Figure below).
Until recently, fossils were the main source of evidence for evolution ( Figure 6.4). Through studying fossils, we
now know that today’s organisms look much different in many cases than those that were alive in the past. Scientists
have also shown that organisms were spread out differently across the planet. Earthquakes, volcanoes, shifting seas,
and other movements of the continents have all affected where organisms live and how they adapted to their changing
environments.
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FIGURE 6.3
Evolution of the horse.

Fossil evi-

dence, depicted by the skeletal fragments, demonstrates evolutionary milestones in this process.

Notice the 57

million year evolution of the horse leg
bones and teeth. Especially obvious is
the transformation of the leg bones from
having four distinct digits to that of today’s
horse.

Rock Layers and the Age of Fossils

There are many layers of rock in the Earth’s surface. Newer layers form on top of the older layers. Therefore,
you can tell how old a fossil is by observing which layer of rock it was found. The fossils and the order in which
fossils appear is called the fossil record. The fossil record provides evidence for when organisms lived on Earth,
how species evolved, and how some species have gone extinct. Geologists use a method called radiometric dating
to determine the exact age of rocks and fossils in each layer of rock. This technique measures how much of the
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FIGURE 6.4
About 25 to 40 million years ago these insects were trapped in a gooey
substance, called resin, that comes from trees. The fossils in the movie
Jurassic Park were trapped in resin.

radioactive materials in each rock layer have broken down ( Figure 6.5).

FIGURE 6.5
This device, called a spectrophotometer,
can be used to measure the level of
radioactive decay of certain elements in
rocks and fossils to determine their age.

Radiometric dating has been used to determine that the oldest known rocks on Earth are between 4 and 5 billion
years old. The oldest fossils are between 3 and 4 billion years old. Most of these are just traces of an organism’s
presence in a layer of rock that was once the bottom of an ocean or shallow sea. Remember, as recently as 150 years
ago people believed the Earth was about 6,000 years old. The fossil record and new "dating" technologies proves
that Earth is much older than people once thought.
Vocabulary

•
•
•
•

fossil: Preserved parts of animals, plants, and other organisms from the distant past.
fossil record: Complete set of fossils that has been discovered, and the order in which the fossils appear.
paleontologist: Scientist who studies fossils to learn about life in the past.
radiometric dating: Procedure used to determine the age of rocks or fossils by measuring how much of the
radioactive materials in each sample were broken down.

Summary

• Fossils, or preserved parts of organisms from the distant past, have shown that species existed and changed
over time.
• Radiometric dating can be used to determine the age of fossils by measuring the how much of the radioactive
materials in each rock layer have broken down.
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Explore More

Use the resources below to answer the questions that follow.
Explore More I

• James Hagadorn, Paleontologist: Traces of Early Animal Life at http://shapeoflife.org/video/scientist/j
ames-hagadorn-paleontologist-traces-early-animal-life (6:11)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57326

1. Why is it believed the first animals left no fossilized bones?
2. What do paleontologists look for when they search for evidence of early organisms?
3. How old are the geologic deposits Dr. Hagadorn is searching? How old is the evidence he has found for the
first mobile organisms?
4. What does the ability to hunt others do to the fossil record? Why?
Explore More II

• Jenny Clack, Paleontologist: The First Vertebrate Walks on Land at http://shapeoflife.org/video/scienti
st/jenny-clack-paleontologist-first-vertebrate-walks-land (7:04)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57483

1. What is a "tetrapod"? What question do paleontologists hope they can answer by studying them?
2. What is special about "Boris"?
Explore More III

• Richard Dawkins: Show me the intermediate fossils! at http://www.youtube.com/watch?v=o92x6AvxCFg
(2:34)
1. What evidence is there that modern whales once had hind limbs?
2. Pakicetus and Rodhocetus are considered to be ancestors of modern whales. Scientists still argue about how
aquatic Pakicetus was, but Rodhocetusis was not, considered to be a largely aquatic animal.
a. Where is the nostril located on Pakicetus?
b. Where is the nostril located on Rodhocetus?
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c. What is the relationship in time between these two species?
3. What modern animal is most closely related to modern whales? What is the evidence? In what kind of
environment does this modern relation live?
Review

1.
2.
3.
4.

What is a fossil? Give three examples.
What has the fossil record revealed about life on Earth?
How does radioactive dating work?
Why is radioactive dating important to evolution?

157

6.3. Timeline of Evolution

www.ck12.org

6.3 Timeline of Evolution
• Define geologic time scale.
• Outline the age of the Earth and the basic timeline of the development life on Earth.

Which was first, the insect or the flower?
Although the land plants were here before insects, the first flowers evolved long after the first insects. The first land
plants did not have flowers. Today insects and flowers are so interconnected, it’s hard to imagine one without the
other.
Timeline of Evolution

For life to evolve from simple single-celled organisms to many millions of species of prokaryotic species to simple
eukaryotic species to all the protists, fungi, plants, and animals, took some time. Well over 3 billion years.
The Age of Earth

How old is Earth? How was it formed? How did life begin on Earth? These questions have fascinated scientists for
centuries. During the 1800s, geologists, paleontologists, and naturalists found several forms of physical evidence
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that confirmed that Earth is very old.
The evidence includes:
• Fossils of ancient sea life on dry land far from oceans. This supported the idea that the Earth changed over
time and that some dry land today was once covered by oceans.
• The many layers of rock. When people realized that rock layers represent the order in which rocks and fossils
appeared, they were able to trace the history of Earth and life on Earth.
• Indications that volcanic eruptions, earthquakes, and erosion that happened long ago shaped much of the
Earth’s surface. This supported the idea of an older Earth.
The Earth is at least as old as its oldest rocks. The oldest rock minerals found on Earth so far are crystals that are at
least 4.404 billion years old. These tiny crystals were found in Australia. Likewise, Earth cannot be older than the
solar system. The oldest possible age of Earth is 4.57 billion years old, the age of the solar system. Therefore, the
age of Earth is between 4.4 and 4.57 billion years.
Geologic Time Scale

Geologists and other Earth scientists use geologic time scales to describe when events happened in the history of
Earth. The time scales can be used to show when both geologic events and events affecting plant and animal life
occurred. The geologic time scale pictured below ( Figure 6.6) illustrates the timing of events like:
•
•
•
•
•
•

Earthquakes.
Volcanic eruptions.
Major erosion.
Meteorites hitting Earth.
The first signs of life forms.
Mass extinctions.

FIGURE 6.6
The geologic time scale of Earth’s past is
organized according to events that took
place during different periods on the time
scale. Geologic time is the same as the
age of the Earth: between 4.404 and 4.57
billion years. Look closely for such events
as the extinction of dinosaurs and many
marine animals.
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Evolution of Major Life Forms

Life on Earth began about 3.5 to 4 billion years ago. The first life forms were single-celled organisms similar to
bacteria. The first multicellular organisms did not appear until about 610 million years ago. Many different types
of organisms evolved during the next ten million years, in an event called the Cambrian Explosion. This sudden
burst of evolution may have been caused by some environmental changes that made the Earth’s environment more
suitable for a wider variety of life forms.
Plants and fungi did not appear until roughly 500 million years ago. They were soon followed by arthropods (insects
and spiders). Next came the amphibians about 300 million years ago, followed by mammals around 200 million
years ago and birds around 100 million years ago.
Even though large life forms have been very successful on Earth, most of the life forms on Earth today are still
prokaryotes—small, relatively simple single-celled organisms. Fossils indicate that many organisms that lived long
ago are extinct. Extinction of species is common; in fact, it is estimated that 99% of the species that have ever lived
on Earth no longer exist.
The basic timeline of a 4.6 billion-year-old Earth includes the following:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

About 3.5 - 3.8 billion years of simple cells (prokaryotes).
3 billion years of photosynthesis.
2 billion years of complex cells (eukaryotes).
1 billion years of multicellular life.
600 million years of simple animals.
570 million years of arthropods (ancestors of insects, arachnids and crustaceans).
550 million years of complex animals.
500 million years of fish and proto-amphibians.
475 million years of land plants.
400 million years of insects and seeds.
360 million years of amphibians.
300 million years of reptiles.
200 million years of mammals.
150 million years of birds.
130 million years of flowers.
65 million years since the non-avian dinosaurs died out.
2.5 million years since the appearance of Homo.
200,000 years since the appearance of modern humans.
25,000 years since Neanderthals died out.

Summary

• The age of Earth is between 4.4 and 4.57 billion years.
• Life on Earth began about 3.5 to 4 billion years ago, and the first life forms were single-celled organisms
similar to bacteria.
Explore More

Use the resource below to answer the questions that follow.
• Anomalocaris - Shape of Life at http://shapeoflife.org/video/other-topics/paleontology-new-evidence-revi
ses-thinking-anomalocaris (4:09)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57486

1. Most fossils found are not of complete organisms. How have scientists responded to this situation? What
challenges has this presented?
2. What were some of the theories as to what type of animal Anamolcaris was? What happened to cause these
theories to be abandoned?
3. How is Anamalocaris an example of the scientific process?
Review

1. What is a significant piece of evidence that was used in the 1800s to suggest Earth is very old?
2. Relative to the length of time life has been on Earth, have modern humans appeared recently or in the distant
past?
3. What types of geological events help define geological time scales?
4. When did life on Earth begin? What was the first form of life?
5. What was the Cambrian Explosion?
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6.4 Theory of Evolution by Natural Selection
• Define evolution.
• Describe the significance of the voyage of the HMS Beagle.
• Summarize Darwin’s finding on the Galápagos Islands.

Where in the world is this?
This picture was taken in the Galápagos Islands, which is off the west coast of South America. The Galápagos
Islands are home to many unique organisms, such as these tree-like cacti. Darwin’s observations on these islands led
to his development of the theory of evolution.
Darwin’s Theory of Evolution

Do you ever wonder why some birds are big like ostriches and some birds are small like robins? Or why a lion has
a mane while a leopard has spots? In the 19th century, an English natural scientist named Charles Darwin ( Figure
6.7) was also fascinated by the diversity of life on Earth.
He set out to answer the following questions:
• Why are organisms different?
• Why are organisms similar?
• Why are there so many different types of organisms?
To answer his questions, he developed what we now call "the theory of evolution by natural selection." This theory
is one of the most important theories in the field of life science. In everyday English, "evolution" simply means
"change." In biology, evolution states that all living organisms came from earlier forms of life. The theory of
evolution by natural selection explains why evolution occurs. Darwin spent over 20 years traveling around the world
and making observations before he fully developed his theory.
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FIGURE 6.7
Charles Darwin was one of the most influential scientists who has ever
lived. Darwin introduced the world to the theory of evolution by natural
selection, which laid the foundation for how we understand the living world
today.

Voyage of the

In 1859, Charles Darwin published his book, On the Origin of Species by Means of Natural Selection. His book
describes the observations and evidence that he collected more than 20 years of research, beginning with a five-year
voyage around the world on a British research ship, the HMS Beagle. During the voyage ( Figure 6.8), Darwin
made observations about plants and animals around the world. He also collected specimens to study for when he
returned to England.
Each time the HMS Beagle stopped at a port, Darwin went on land to explore and look at the local plants, animals,
and fossils. One of the most important things Darwin did was keep a diary. He took detailed notes and made
drawings of his observations.

FIGURE 6.8
Charles Darwin’s famous five year voyage
was aboard the HMS Beagle from 18311836.

The Galápagos Islands

While the crew of the HMS Beagle mapped the coastline of South America, they traveled to a group of islands called
the Galápagos. The Galápagos are a group of 16 volcanic islands near the equator, about 600 miles from the west
coast of South America. Darwin spent months on foot exploring the islands. The specimens he collected from the
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Galápagos and sent back to England greatly influenced his ideas of evolution ( Figure 6.9).

FIGURE 6.9
The Galápagos Islands are a group of 16
volcanic islands 600 miles off the west
coast of South America.

The islands

are famous for their many species found
nowhere else.

On the Galápagos, Darwin observed that the same kind of animal differed from one island to another. For example,
the iguanas (large lizards) differed between islands ( Figure 6.10). The members of one iguana species spent most
of their time in the ocean, swimming and diving underwater for seaweed, while those of another iguana species lived
on land and ate cactus. Darwin wondered why there were two species of iguanas on the same set of islands that were
so different from one another. What do you think?

FIGURE 6.10
The Galápagos iguanas are among the
signature animals of the Galápagos Islands. Here both a land iguana and a
marine iguana are shown.

Giant Tortoises

Darwin also observed giant tortoises on the Galápagos ( Figure 6.11). These tortoises were so large that two people
could ride on them. Darwin noticed that different tortoise species lived on islands with different environments. He
realized that the tortoises had traits that allowed them to live in their particular environments. For example, tortoises
that ate plants near the ground had rounded shells and shorter necks. Tortoises on islands with tall shrubs had longer
necks and shells that bent upward, allowing them to stretch their necks ( Figure 6.11). Darwin began to hypothesize
that organisms developed traits over time because of differences in their environments.
164

www.ck12.org

Chapter 6. Evolution
FIGURE 6.11
The name “Galápagos” means “giant tortoise.” When Darwin arrived on the Galápagos Islands, he was amazed by the
size and variety of shapes of these animals. The giant tortoise (left) is a unique
animal found only in the Galápagos Islands. There are only about 200 tortoises
remaining on these islands. This Pinta
Island tortoise (right) is able to reach
leaves high in shrubs with its long neck
and curved shell.

Darwin’s Finches

The most studied animals on the Galápagos are finches, a type of bird ( Figure 6.12). When Darwin first observed
finches on the islands, he did not even realize they were all finches. But when he studied them further, he realized
they were related to each other. Each island had its own distinct species of finch. The birds on different islands had
many similarities, but their beaks differed in size and shape.

FIGURE 6.12
Four of Darwin’s finch species from the
Galápagos Islands. The birds came from
the same finch ancestor. They evolved as
they adapted to different food resources
on different islands. The first bird uses
its large beak to crack open and eat large
seeds. Bird #3 is able to pull small seeds
out of small spaces.

In his diary, Darwin pointed out how each animal is well-suited for its particular environment. The shapes of the
finch beaks on each island were well-matched with the seeds available on that island, but not the seeds on other
islands. For example, a larger and stronger beak was needed to break open large seeds on one island, and a small
beak was needed to eat the small seeds on a different island.
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Summary

• Charles Darwin developed what we now call "the theory of evolution by natural selection."
• Darwin’s observations on the Galápagos Islands suggested that animals are well-suited for their specific
environments.
Explore More

Use the resource below to answer the questions that follow.
• Richard Dawkins Talks About Darwin - Richard Dawkins Foundation at http://cdn.cloudfiles.mosso.com/
c148271/RDonDarwinGalapagosweb.mov (5:18)
1. How long was the voyage of the HMS Beagle?
2. Did Charles Darwin conceive of natural selection on this voyage? Explain your answer.
3. What was wrong with Darwin’s collection of finches from the Galápagos Islands? How was this mistake in
collection corrected?
4. What did Darwin notice about the flora (plants) and fauna (animals) of Ecuador compared to the flora and
fauna of the Galápagos Islands?
5. How does the distance of an island group from the mainland affect gene flow between that island group and
the mainland?
Review

1.
2.
3.
4.
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Who was Charles Darwin?
What is special about the Galápagos islands?
Name an example of how animals were adapted for their specific environments on the Galápagos Islands.
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6.5 Influences on Darwin
• Explain how Lamarck, Lyell, and Wallace influenced Darwin’s work.

How old is Earth?
Earth is now believed to be over 4.5 billion years old. But during Darwin’s time, most people believed that the Earth
was only about 6,000 years old. If Darwin hadn’t learned about the work of geologists that suggested that the Earth
was much older, he might have never have developed his theory of evolution.
Darwin’s Influences

When Darwin returned to England five years later, in 1836, at the end of his voyage, he did not rush to announce
his discoveries. Unlike other naturalists before him, Darwin did not want to present any ideas unless he had
strong evidence supporting them. Instead, once Darwin returned to England, he spent over twenty years examining
specimens, talking with other scientists and collecting more information before he presented his theories.
Some of Darwin’s ideas conflicted with widely held beliefs, including those from religious leaders. At that time,
many people believed that organisms never change and never go extinct, and that the world was only about 6,000
years old. These beliefs delayed Darwin in presenting his findings.
How did Darwin come up with his theories? Charles Darwin was influenced by the ideas of several people.
1. Before the voyage of the Beagle, Jean-Baptiste Lamarck proposed the idea that species change over time.
However, Darwin differed with Lamarck on several key points. Lamarck proposed that traits acquired during
one’s lifetime could be passed to the next generation. Darwin did not agree with this.
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2. The findings of Charles Lyell, a well-known geologist, also influenced Darwin. Lyell’s writings taught
Darwin about geology, paleontology, and the changing Earth. Lyell’s findings suggested the Earth must be
much older than 6,000 years.
3. After the Voyage of the Beagle, another naturalist, Alfred Russel Wallace ( Figure 6.13), developed a similar
theory of evolution by natural selection. Wallace toured South America and made similar observations to
Darwin’s. Darwin and Wallace presented their theories and evidence in public together. Due to the large
number of observations and conclusions he made, Darwin is mostly credited and associated with this theory.

FIGURE 6.13
Alfred Wallace developed a similar theory of evolution by natural selection.

Summary

• Darwin’s ideas conflicted with widely held beliefs, such as the idea that organisms never change and that the
world was only about 6,000 years old.
• Darwin was influenced by other scientists, including Lamarck, Lyell, and Wallace.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• An Introduction to Uniformitarianism at http://www.youtube.com/watch?v=H9iuiBPc0tE (3:04)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57487

1. Who first proposed that the Earth was far older than people thought?
2. What book by Charles Lyell did Darwin bring on his voyage?
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3. What does "the present is the key to the past" mean in regard to geology? Do you think this phrase could apply
to biology as well?
4. What is the "Principle of Geological Actualism"?
Explore More II

• Nova: Great Minds Think Alike at http://www.pbs.org/wgbh/nova/evolution/great-minds-think-alike.html .
1.
2.
3.
4.

Where did Wallace travel? How did he pay for his trip?
What happened to the collections Wallace collected in South America?
How does the Malay Archipelago compare to the Galapagos Islands?
What is the Wallace Line?

Review

1.
2.
3.
4.

Compare and contrast Darwin’s and Lamarck’s views of evolution.
Why did Darwin hesitate to publish his theory?
Who was Charles Lyell? What significant aspect of Lyell’s influenced Darwin?
Who was Alfred Wallace?
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6.6 Natural Selection and Genetic Variations
•
•
•
•

Define natural selection.
Explain the relationship between adaptations and natural selection.
Describe when natural selection occurs.
Explain the relationship between evolution and natural selection.

How is this deer mouse well adapted for life in the forest?
Notice how its dark coloring would allow the deer mouse to easily hide from predators on the darkened forest floor.
On the other hand, deer mice that live in the nearby Sand Hills are a lighter, sand-like color. What caused the deer
mice to be so well adapted to their unique environments? Natural selection.
Natural Selection

The theory of evolution by natural selection means that the inherited traits of a population change over time. Darwin
did not have the understanding of genetics or mutations because they were being developed at the same time as his
writings. Inherited traits are features that are passed from one generation to the next. For example, your eye color
is an inherited trait. You inherited your eye color from your parents. Inherited traits are different from acquired
traits, or traits that organisms develop over a lifetime, such as strong muscles from working out ( Figure 6.14).
Natural selection explains how organisms in a population develop traits that allow them to survive and reproduce.
Natural selection means that traits that offer an advantage will most likely be passed on to offspring, even if the trait
is a result of a genetic mutation. Evolution occurs by natural selection, where "nature" and the environment dictate
the best traits that will allow an individual or species to survive. Take the giant tortoises on the Galápagos Islands
as an example. If a short-necked tortoise lives on an island with fruit located at a high level, will the short-necked
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FIGURE 6.14
Human earlobes may be attached or free.
You inherited the particular shape of your
earlobes from your parents.

Inherited

traits are influenced by genes, which are
passed on to offspring and future generations. Things not influenced by genes are
not passed on to your offspring. Natural
selection only operates on traits like earlobe shape that have a genetic basis, not
on traits that are acquired, like a summer
tan.

tortoise survive? No, it will not, because it will not be able to reach the food it needs to survive. If all of the short
necked tortoises die, and the long-necked tortoises survive, then, over time, only the long-necked trait will be passed
down to offspring. All of the tortoises with long-necks will be "naturally selected" to survive.
Every plant and animal depends on its traits to survive. Survival may include getting food, building homes, and
attracting mates. Traits that allow a plant, animal, or other organism to survive and reproduce in its environment are
called adaptations.
Natural selection occurs when:

1. There is some variation, due to a genetic mutation, in the inherited traits of organisms within a species. Without
this variation, natural selection would not be possible.
2. Some of these traits will give individuals an advantage over others in surviving and reproducing.
3. These individuals will be likely to have more offspring.
Imagine how in the Arctic, dark fur makes a rabbit easy for foxes to spot and catch in the snow. Therefore, white fur
is a beneficial trait that improves the chance that a rabbit will survive, reproduce, and pass the trait of white fur on to
its offspring ( Figure 6.15). Through this process of natural selection, dark fur rabbits will become uncommon over
time. Rabbits will adapt to have white fur.
Why So Many Species?

Scientists estimate that there are between 5 million and 30 million species on the planet. But why are there so many?
As environments change over time, organisms must constantly adapt to those environments. Diversity of species
increases the chance that at least some organisms adapt and survive any major changes in the environment. For
example, if a natural disaster kills all of the large organisms on the planet, then the small organisms will continue to
survive.
Vocabulary

• Adaptations - traits that allow a plant, animal, or other organism to survive and reproduce in its environment.
• Acquired traits - traits that organisms develop over a lifetime, such as strong muscles from exercising.
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FIGURE 6.15
The white fur of the Arctic hares may
make it more difficult for fox and other
predators to locate hares against the
white snow.

• Inherited traits - features that are passed from one generation to the next, like eye or hair color.
• Natural selection - the process by which organisms with traits that better enable them to adapt to their
environment will tend to survive and reproduce in greater numbers.
Summary

• Evolution occurs by natural selection, the process by which organisms with traits that better enable them to
adapt to their environment will tend to survive and reproduce in greater numbers.
• Natural selection occurs when there is some variation due to genetic mutations in the inherited traits, some of
these traits will give individuals an advantage over others, and the individuals with certain traits will be more
likely to have more offspring.
Explore More

Use the resource below to answer the questions that follow.
• Sources of Variation at http://learn.genetics.utah.edu/content/variation/sources/
1.
2.
3.
4.

Are all members of your family exactly alike? Are all members of a species exactly alike?
What is an important base of variation in species? Are all forms of a gene the same?
Give three examples of common mutations in DNA?
Do most mutations that are passed on to future generations come from the environment? What is the relationship between mutations and the environment?
5. How does recombination in sexually reproducing organisms ensure that every generation will have changes in
the inherited DNA?
6. Describe the relationship between variation and natural selection.
Review

1. What’s the difference between an acquired and inherited trait?
2. Define natural selection.
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3. What is an adaptation?
4. What is required for natural selection to take place?
5. How many species are there on the planet?
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6.7 Structural Evidence for Evolution
• Explain the evolutionary meaning of having a common ancestor.
• Discuss how vestigial structures and embryology support evolution theory.

Why do you have a tail bone?
If you look closely at a skeleton, you might notice a triangular bone at the end of the spinal column. This is your
tailbone. Why would you have a tailbone when you don’t have a tail? You have a tailbone because your ancient
ancestors did have a tail. These sorts of "left-over" structures support the theory of evolution.
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Structural Evidence

Even though two different species may not look similar, they may have similar internal structures that suggest they
have a common ancestor. That means both evolved from the same ancestor organism a long time ago. Common
ancestry can also be determined by looking at the structure of the organism as it first develops.

Vestigial Structures

Some of the most interesting kinds of evidence for evolution are body parts that have lost their use through evolution
( Figure 6.16). For example, most birds need their wings to fly. But the wings of an ostrich have lost their original
use. Structures that have lost their use through evolution are called vestigial structures. They provide evidence for
evolution because they suggest that an organism changed from using the structure to not using the structure, or using
it for a different purpose. Penguins also do not use their wings, known as flippers, to fly in the air. However, they
do use them to move in the water. The theory of evolution suggests that penguins evolved to use their wings for a
different purpose. A whale’s pelvic bones, which were once attached to legs, are also vestigial structures. Whales
are descended from land-dwelling ancestors that had legs.

FIGURE 6.16
Moles live underground where they do
not need eyes to find their way around.
This mole’s eyes are covered by skin.
Body parts that do not serve their original
function are vestigial structures.

Similar Embryos

Some of the oldest evidence of evolution comes from embryology, the study of how organisms develop. An embryo
is an animal or plant in its earliest stages of development. This means looking at a plant or animal before it is born
or hatched. Centuries ago, people recognized that the embryos of many different species have similar appearances.
The embryos of some species are even difficult to tell apart. Many of these animals do not differ much in appearance
until they develop further.
Some unexpected traits can appear in animal embryos. For example, human embryos have gill slits just like fish! In
fish they develop into gills, but in humans they disappear before birth. The presence of the gill slits suggests that a
long time ago humans and fish shared a common ancestor.
The similarities between embryos suggests that these animals are related and have common ancestors. For example,
humans did not evolve from chimpanzees. But the similarities between the embryos of both species suggest that we
have an ancestor in common with chimpanzees. As our common ancestor evolved, humans and chimpanzees went
down different evolutionary paths and developed different traits.
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FIGURE 6.17
These embryos show similarities in structure and form even though they are from
different species. This is evidence of a
common ancestor.

Vocabulary

• Common ancestor - both organisms evolved from the same ancestor organism a long time ago.
• Embryo - is an animal or plant in its earliest stages of development.
• Vestigial structures - structures that have lost their use through evolution.
Summary

• Vestigial structures, or structures that have lost their use through evolution, are important evidence of evolution.
• Studying the embryos of organisms also provides evidence that two very different animals could have descended from a common ancestor.
Explore More

Use the resource below to answer the questions that follow.
• Richard Dawkins Vestigial Organs The Wings of the Flightless Cormorant at http://www.youtube.com/w
atch?v=jhtOdv6ogyQ (2:19)
1. Are all cormorants flightless?
2. What is the vestigial trait most obvious in the flightless cormorant?
3. How have these birds compensated for their inability to fly?
Review

1. What is a vestigial structure? Give an example.
2. How does embryology provide evidence for evolution?
3. Given an example of a structure that is present in human embryos, but has disappeared by birth.
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6.8 Molecular Evidence for Evolution
• Describe molecular clocks.
• Explain the molecular evidence for evolution.

How similar are you to a chimpanzee?
Chimpanzees and humans turn out to be very similar—if you look at their DNA. When scientists determined the
entire genetic code of both humans and chimpanzees, they found that we have over 98% identical DNA.
Molecular Evidence

Arguably, some of the best evidence of evolution comes from examining the molecules and DNA found in all living
things.
Beginning in the 1940s, scientists studying molecules and DNA have confirmed conclusions about evolution drawn
from other forms of evidence. Molecular clocks are used to determine how closely two species are related by
calculating the number of differences between the species’ DNA sequences or amino acid sequences. These clocks
are sometimes called gene clocks or evolutionary clocks. The fewer the differences, the less time since the species
split from each other and began to evolve into different species ( Figure 6.18). For example, a chicken and a gorilla
will have more differences between their DNA and amino acid sequences than a gorilla and an orangutan. That
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means the chicken and gorilla had a common ancestor a very long time ago, while the gorilla and orangutan shared
a more recent common ancestor. This provides additional evidence that the gorilla and orangutan are more closely
related than the gorilla and the chicken.

FIGURE 6.18
Almost all organisms are made from DNA
with the same building blocks.

The

genomes (all of the genes in an organism)
of all mammals are almost identical.

The genomes, or all the genes of an organism, have been determined for many different organisms. The comparison
of genomes provides new information about the relationships among species and how evolution occurs ( Figure
6.19).
Molecular evidence for evolution also includes:
1. The same biochemical building blocks, such as amino acids and nucleotides, are found in all organisms, from
bacteria to plants and animals.
2. DNA and RNA determine the development of all organisms.
3. The similarities and differences between the genomes confirm patterns of evolution.

Summary

• Molecular clocks are used to determine how closely two species are related by calculating the number of
differences between the species’ DNA sequences or amino acid sequences.
• Molecular evidence for evolution includes that all living things share the same biochemical building blocks.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Genes Tell Us About Evolution - Shape of Life at http://shapeoflife.org/video/other-topics/genetics-genes
-tell-us-about-evolution (8:09)
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FIGURE 6.19
This is a map of the genes on just one
of the 46 human chromosomes.

How

does this region of a chromosome compare to similar regions in other species?
Similarities and differences between the
genomes (the genetic makeup) of different organisms reveal the relationships between the species.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57488

1. How is the genetic sequence of an organism like a blueprint of that organism?
2. If two organisms have almost identical sequences for the same gene, are they considered closely related?
3. What type of animal have scientists long thought was basal to all other animals? How has genetic analysis
affected this view?
4. How has genetic analysis become quicker than it once was? How has that greatly helped with the search for a
basal organism?

Explore More II

• How Genes Direct Development - Shape of Life at http://shapeoflife.org/video/other-topics/genetics-how-g
enes-direct-development (6:04)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57489

1. What is a regulatory gene? How might they explain differences between organisms?
2. What are "hox genes"? What phase of development are they a part of? What organisms have hox genes?
3. If you find a fly with a leg coming out of its head and can identify what happened genetically to cause this,
what have you discovered?
Review

1. Explain how scientists use a molecular clock to determine relationships between species.
2. What is a genome?
3. What two species from the following should have the fewest differences in their genomes: chicken, mouse,
duck, gorilla?
4. What two species from the following should have the most differences in their genomes: frog, mouse, cow,
human?
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6.9 Evolution Acts on the Phenotype
• Define carrier.
• Explain how an unfavorable allele is kept in the gene pool.

Would albinism be an advantage?
This rabbit is albino, meaning it lacks pigment in its skin, fur, and eyes. The same thing happens in other species,
including humans. To most animals albinism would be a disadvantage since they need to blend into their environment
to avoid predators or catch prey. How, then, does the gene that causes albinism stay in the gene pool?
Evolution Acts on the Phenotype

Natural selection acts on the phenotype (the traits or characteristics) of an individual. On the other hand, natural
selection does not act on the underlying genotype (the genetic makeup) of an individual. For many traits, the
homozygous genotype, AA, for example, has the same phenotype as the heterozygous Aa genotype. If both an AA
and Aa individual have the same phenotype, the environment cannot distinguish between them. So natural selection
cannot select for a homozygous individual over a heterozygous individual. Even if the "aa" phenotype is lethal,
the recessive a allele, will be maintained in the population through heterozygous Aa individuals. Furthermore, the
mating of two heterozygous individuals can produce homozygous recessive (aa) individuals.
Carriers

Since natural selection acts on the phenotype, if an allele causes death in a homozygous individual, aa, for example,
it will not cause death in a heterozygous Aa individual. These heterozygous Aa individuals will then act as carriers
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of the a allele, meaning that the a allele could be passed down to offspring. This allele is said to be kept in the
population’s gene pool. The gene pool is the complete set of alleles within a population.
For example, Tay-Sachs disease is a recessive human genetic disorder. That means only individuals with the
homozygous recessive genotype, rr will be affected. Affected individuals usually die from complications of the
disease in early childhood. The two parents are each heterozygous (Rr) for the Tay-Sachs gene; they will not die in
childhood and will be carriers of the disease gene. This deadly allele is kept in the gene pool even though it does not
help humans adapt to their environment. This happens because evolution acts on the phenotype, not the genotype (
Figure 6.20).

FIGURE 6.20
Tay-Sachs disease is inherited in the autosomal recessive pattern. Each parent is
an unaffected carrier of the lethal allele.

Summary

• Natural selection acts on the phenotype (the traits or characteristics) of an individual, not on the underlying
genotype.
• Carriers of a trait can show no symptoms of a recessive disease and, yet, still pass it on to their offspring.
Explore More

Use the resource below to answer the questions that follow.
• Harmful Genes at http://www.newton.dep.anl.gov/askasci/mole00/mole00460.htm .
1. What would happen if a harmful gene were dominant?
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2. Give an example of a harmful recessive gene that provides carriers with an advantage.
3. How can a harmful gene "hide"?
Review

1. What’s the difference between phenotype and genotype?
2. Does natural selection act on the genotype or phenotype?
3. Explain how a lethal recessive gene can stay in the gene pool.
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6.10 Hardy-Weinberg Theorem
• Define genetic equilibrium.
• List the five conditions necessary for genetic equilibrium.
• Explain the Hardy-Weinberg model.

Can these stones keep balance indefinitely?
If balance, or equilibrium, is to be maintained, there must be no outside influences on the stones. Equilibrium can
also be maintained within a population’s genes; that means, no evolution can occur. But outside influences usually
prevent equilibrium from staying established.
Hardy-Weinberg Equilibrium

Sometimes understanding how common a gene is within a population is necessary. Or, more specifically, you may
want to know how common a certain form of that gene is within the population, such as a recessive form. This can
be done using the Hardy-Weinberg model, but it can only be done if the frequencies of the genes are not changing.
The Hardy-Weinberg model describes how a population can remain at genetic equilibrium, referred to as the
Hardy-Weinberg equilibrium. Genetic equilibrium occurs when there is no evolution within the population. In other
words, the frequency of alleles (variants of a gene) will be the same from one generation to another. For example,
let’s assume that red hair is determined by the inheritance of a gene with two alleles—R and r. The dominant allele,
R, encodes for non-red hair, while the recessive allele, r, encodes for red hair. If a population’s gene pool contains
90% R and 10% r alleles, then the next generation would also have 90% R and 10% r alleles. However, this only
works under a strict set of conditions.
The five conditions that must be met for genetic equilibrium to occur include:
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No change in the DNA sequence.
No migration (moving into or out of a population).
A very large population size.
Random mating.
No natural selection.

These five conditions rarely occur in nature. When one or more of the conditions does not exist, then evolution can
occur. As a result, allele frequencies are constantly changing, and populations are constantly evolving.
The Hardy-Weinberg model also serves a mathematical formula used to predict allele frequencies in a population at
genetic equilibrium. If you know the allele frequencies of one generation, you can use this formula to predict the
next generation. Again, this only works if all five conditions are being met in a population.
Summary

• If a population stays at genetic equilibrium, then no evolution takes place.
• The Hardy-Weinberg model states that a population will remain at genetic equilibrium as long as five conditions are met: (1) No change in the DNA sequence, (2) No migration, (3) A very large population size, (4)
Random mating, and (5) No natural selection.
Explore More

Use the resource below to answer the questions that follow.
• Hardy-Weinberg Equilibrium Model at http://anthro.palomar.edu/synthetic/synth_2.htm .
1.
2.
3.
4.

What is happening when there is a change in the frequencies of alleles in the gene pool of a population?
Is it likely for gene pool frequencies to remain unchanged?
List four conditions that must be met for evolution not to occur.
In the Hardy-Weinberg equation, what does p represent?

Review

1.
2.
3.
4.

What is an allele?
What is meant by genetic equilibrium?
What conditions are required for the Hardy-Weinberg model to apply?
Why is Hardy-Weinberg equlilibrium unlikely?
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6.11 Origin of Species
•
•
•
•

Define speciation.
Describe artificial selection.
Summarize outcomes of reproductive isolation.
Distinguish allopatric speciation from sympatric speciation.

Where did this diversity of life come from?
If you have ever been to the beach, then you realize there is not just one species of marine life. The wide variety of
shells that wash up on the beach indicate that there are many forms of life in the ocean. This wide diversity of life
requires that many new species have appeared over time. But how does a new species come into being?
The Origin of Species

The creation of a new species is called speciation. Most new species develop naturally. But humans have also
artificially created new breeds and species for thousands of years.
New species develop naturally through the process of natural selection. Due to natural selection, organisms with
traits that better enable them to adapt to their environment will tend to survive and reproduce in greater numbers.
Natural selection causes beneficial heritable traits to become more common in a population and unfavorable heritable
traits to become less common. For example, a giraffe’s neck is beneficial because it allows the giraffe to reach leaves
high in trees. Natural selection caused this beneficial trait to become more common than short necks.
As new changes in the DNA sequence are constantly being generated in a population’s gene pool, some of these
changes will be beneficial and result in traits that allow adaptation and survival. Natural selection causes evolution
of a species as these beneficial traits become more common within a population.
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Artificial Selection

Artificial selection occurs when humans select which plants or animals to breed in order to pass on specific traits
to the next generation. For example, a farmer may choose to breed only cows that produce the best milk. Farmers
would also avoid breeding cows that produce less milk. In this way, selective breeding of the cows would increase
milk quality and quantity.
Humans have also artificially bred dogs to create new breeds ( Figure 6.21).

FIGURE 6.21
Artificial Selection: Humans used artificial
selection to create these different breeds.
Both dog breeds are descended from the
same wolves, and their genes are almost
identical.

Reproductive Isolation

There are two main ways that speciation happens naturally. Both processes create new species by reproductively
isolating populations of the same species from each other. Organisms can be geographically isolated or isolated by
a behavior. Either way, they will no longer be able to mate. Over a long period of time, usually thousands of years,
each of the isolated populations evolves in a different direction, forming distinct species.
How do you think scientists test whether two populations are separate species? They bring species from two
populations back together again. If the two populations do not mate and produce fertile offspring, they are separate
species.
Geographic Isolation

Allopatric speciation occurs when groups from the same species are geographically isolated for long periods.
Imagine all the ways that plants or animals could be isolated from each other:
• Emergence of a mountain range.
• Formation of a canyon.
• New rivers or streams.
Here are two examples of allopatric speciation:
• Darwin observed thirteen distinct finch species on the Galápagos Islands that had evolved from the same
ancestor. Different finch populations lived on separate islands with different environments. They evolved to
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best adapt to those particular environments. Later, scientists were able to determine which finches had evolved
into distinct species by bringing members of each population together. The birds that could not mate were a
separate species.
• When the Grand Canyon in Arizona formed, two populations of one squirrel species were separated by the
giant canyon. After thousands of years of isolation from each other, the squirrel populations on the northern
wall of the canyon looked and behaved differently from those on the southern wall ( Figure 6.22). North rim
squirrels have white tails and black bellies. Squirrels on the south rim have white bellies and dark tails. They
cannot mate with each other, so they are different species.

FIGURE 6.22
Abert squirrel (left) on the southern rim
of the Grand Canyon.

Kaibab squirrel

(right) found on northern rim of the Grand
Canyon.

Isolation without Physical Separation

Sympatric speciation occurs when groups from the same species stop mating because of something other than
physical or geographic separation. The behavior of two groups that live in the same region is an example of such
separation. The separation may be caused by different mating seasons, for example. Sympatric speciation is more
difficult to identify.
Here are two examples of sympatric speciation:
• Some scientists suspect that two groups of orcas (killer whales) live in the same part of the Pacific Ocean part
of the year but do not mate. The two groups hunt different prey species, eat different foods, sing different
songs, and have different social interactions ( Figure 6.23).
• Two groups of Galápagos Island finch species lived in the same space, but each had his or her own distinct
mating signals. Members of each group selected mates according to different beak structures and bird calls.
The behavioral differences kept the groups separated until they formed different species.

Summary

• Speciation, the creation of a new species, can happen through natural selection or artificial selection.
• Reproductive isolation is necessary for speciation to occur, and this can happen through a geographic barrier
(allopatric speciation) or without a geographic barrier (sympatric speciation).
• Different behaviors can result in sympatric speciation.
188

www.ck12.org

Chapter 6. Evolution

FIGURE 6.23
Scientists suspect that two types of orca
whales live in the same part of the Pacific
Ocean for part of the year, but they do not
mate.

Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Allopatric Speciation at http://www.pbs.org/wgbh/evolution/library/05/2/l_052_03.html .
1. What is allopatric speciation?
2. Give two examples of events that can cause physical separation of members of a population?
3. How did scientists determine if the shrimp were two different species?
Explore More II

• Richard Dawkins: Diatoms: The Evolution of a New Species at http://www.youtube.com/watch?v=EUozZ
o8nOpY (2:10)
1. What is a diatom?
2. Where is Stephanodiscus yellowstonensis found?
3. What technique did scientists use to determine what diatoms occurred historically in the lake where Stephanodiscus yellowstonensis now occurs?
4. What were the environmental conditions when Stephanodiscus niagarae lived in the lake?
5. What has happened to the diatoms in the lake as the climate has changed over the last 14,000 years?
Review

1. Compare and contrast natural selection and artificial selection.
2. What is meant by reproductive isolation?
3. Compare and contrast allopatric speciation and sympatric speciation.

189

6.12. Microevolution and Macroevolution

www.ck12.org

6.12 Microevolution and Macroevolution
• Define microevolution and macroevolution.
• Distinguish between microevolution and macroevolution.

Why do pesticides sometimes stop working?
Pesticides were designed to kill bothersome insects. However, sometimes these pesticides will stop working. A
pesticide that has worked in the past may no longer kill a particular type of insect. This is due to the development of
resistance in the population of insects. The development of resistance to pesticides is one example of microevolution,
a small change in a population.
Microevolution and Macroevolution

Does evolution only happen gradually through small changes? Or is it possible that drastic environmental changes
can cause new species to evolve? Or can both small and large changes occur?
Evolutionary changes can be both big and small. Some evolutionary changes do not create new species, but result in
changes at the population level. A population is a group of organisms of the same species that live in the same area
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( Figure 6.24). But what exactly is the definition of a species? A species is a group of organisms that have similar
characteristics (they are genetically similar) and can mate with one another to produce fertile offspring.

FIGURE 6.24
This school of fish are considered members of the same species because they
are able to mate with one another. They
are also considered a population because
they live in the same part of the ocean.

Microevolution

You already know that evolution is the change in species over time. Most evolutionary changes are small and do
not lead to the creation of a new species. When populations change in small ways over time, the process is called
microevolution.
An example of microevolution is the evolution of mosquitoes that cannot be killed by pesticides, called pesticideresistant mosquitoes. Imagine that you have a pesticide that kills most of the mosquitoes in your state. Through a
random mutation, some of the mosquitoes have resistance to the pesticide. As a result of the widespread use of this
pesticide, most of the remaining mosquitoes are the pesticide-resistant mosquitoes. When these mosquitoes reproduce the next year, they produce more mosquitoes with the pesticide-resistant trait. Soon, most of the mosquitoes in
your state are resistant to the pesticide.
This is an example of microevolution because the number of mosquitoes with this trait changed. However, this
evolutionary change did not create a new species of mosquito because the pesticide-resistant mosquitoes can still
reproduce with other non-pesticide-resistant mosquitoes.

Macroevolution

Macroevolution refers to much bigger evolutionary changes that result in new species. Macroevolution may happen:
1. When microevolution occurs repeatedly over a long period of time and leads to the creation of a new species.
2. As a result of a major environmental change, such as a volcanic eruption, earthquake, or an asteroid hitting
Earth, which changes the environment so much that natural selection leads to large changes in the traits of a
species.
After thousands of years of isolation from each other, Darwin’s finch populations have experienced both microevolution and macroevolution. These finch populations cannot breed with other finch populations when they are brought
together. Since they do not breed together, they are classified as separate species.
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Summary

• Microevolution is the process by which organisms change in small ways over time.
• Macroevolution refers to larger evolutionary changes that result in new species.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Microevolution vs. Macroevolution at http://www.youtube.com/watch?v=jeza0g3E8wE (5:21)
1.
2.
3.
4.

How does microevolution differ from macroevolution with regard to species?
What are four factors believed to cause microevolution? How do these four factors relate to macroevolution?
What happens to the allele frequency of genes in a population that has undergone microevolution?
What is phyletic gradualism? How does this differ from "punctuated equilibrium"?

Explore More II

• Cambrian Explosion - Shape of Life at http://shapeoflife.org/video/other-topics/cambrian-explosion (13:07)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57485

1.
2.
3.
4.

What was the Cambrian Explosion? When did it occur?
Do you think the Cambrian Explosion represents microevolution or macroevolution? Explain your reasoning.
What are some of the ideas about the cause of the Cambrian Explosion?
How much similarity can be seen between the current body plans of organisms and the body plans seen in
fossils from the Cambrian Period?

Review

1.
2.
3.
4.
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How do you know if two related organisms are members of the same species?
Compare and contrast microevolution and macroevolution.
Does microevolution lead to a new species? Why or why not?
What is the outcome of many microevolution events?
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6.13 Mass Extinctions
• Define mass extinction.
• Give examples of mass extinctions.
• Describe the importance of the mass extinction dated at 65.5 million years ago.

What happened to the dinosaurs?
Most of the dinosaurs disappeared from Earth about 65 million years ago. There are many theories why this
happened. Someday we might have all the answers, but until then we are left with the big question. This is
probably the most famous example of a mass extinction. So how do you define a mass extinction?
Mass Extinctions

An organism goes extinct when all of the members of a species die out and no more members remain. Extinctions
are part of natural selection. Species often go extinct when their environment changes, and they do not have the
traits they need to survive. Only those individuals with the traits needed to live in a changed environment survive (
Figure 6.25).
Mass extinctions, such as the extinction of dinosaurs and many marine mammals, happened after major catastrophes
such as volcanic eruptions, asteroid collisions and earthquakes ( Figure 6.26).
Since life began on Earth, there have been several major mass extinctions. If you look closely at the geological time
scale, you will find that at least five major mass extinctions have occurred in the past 540 million years. In each mass
extinction, over 50% of animal species died. The total number of mass extinctions could be as high as 20.
Two of the largest extinctions are described below:
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FIGURE 6.25
Humans have caused many extinctions by
introducing species to new places. For
example, many of New Zealand’s birds
have adapted to nesting on the ground.
This was possible because there were no
land mammals in New Zealand. Then Europeans arrived and brought cats, foxes,
and other predators with them. Several of
New Zealand’s ground nesting birds, such
as this flightless kiwi, are now extinct or
threatened because of these predators.

FIGURE 6.26
The fossil of Tarbosaurus, one of the land
dinosaurs that went extinct during one of
the mass extinctions.

• At the end of the Permian Period, about 99.5% of individual organisms went extinct! Up to 95% of marine
species perished, compared to “only” 70% of land species. Some scientists theorize that the extinction was
caused by the formation of Pangaea, or one large continent made out of many smaller ones. One large
continent has a smaller shoreline than many small ones, so reducing the shoreline space may have caused
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much of the marine life to go extinct ( Figure 6.27).

FIGURE 6.27
The supercontinent Pangaea encompassed all of today’s continents in a
single land mass. This configuration limited shallow coastal areas which
harbor marine species. This may have contributed to the dramatic event
which ended the Permian—the most massive extinction ever recorded.

• At the end of the Cretaceous Period, or 65 million years ago, all dinosaurs (except those which led to birds)
went extinct. Some scientists believe a possible cause is a collision between the Earth and a comet or asteroid.
The collision could have caused tidal waves, changed the climate, and reduced sunlight by 10-20%. A decrease
in photosynthesis would have resulted in less plant food, leading to the extinction of the dinosaurs.
Evidence for the extinction of dinosaurs by asteroid includes an iridium-rich layer in the Earth, dated at 65.5 million
years ago. Iridium is rare in the Earth’s crust but common in comets and asteroids. Maybe the asteroid that hit the
Earth left the iridium behind.
After each mass extinction, new species develop to fill the habitats where old species lived. This is well documented
in the fossil record.

Vocabulary

• extinction: Dying out of a species so that no members of the species exist anymore.
• mass extinction: Dying out of a large number of species within a relatively short period of time, usually due
to major catastrophes.
• Pangaea: Supercontinent of all the major land masses.

Summary

• Extinctions, when a species entirely dies out, can happen when the environment changes, and the organisms
do not have the traits they need to survive.
• Since life began on Earth, there have been at least five major massive extinctions.

Explore More

Use the resource below to answer the questions that follow.
• Mass Extinctions - PBS at http://www.pbs.org/wgbh/nova/earth/mass-extinction.html (13:14)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57490

1.
2.
3.
4.
5.
6.

What is a mass extinction? How many have occurred in the last 600 million years?
What are some of the reasons proposed for mass extinctions?
Which event wiped out 95% of animal species in the oceans? When did this occur?
How do scientists think the activity of the "Siberian Traps" changed the chemistry of the oceans?
How does the temperature of water affect how much gas can be dissolved in it?
How did the changing ocean environment lead to a mass extinction?

Review

1. Why do species sometimes go extinct?
2. What is a mass extinction?
3. What may have caused the mass extinction that killed the dinosaurs, and what is the evidence?

Summary
Evolution focuses on past life forms and how they turned into present life forms. The history of life on Earth
demonstrates how the first cells formed, mutated, and turned into simple life forms. Then, through a gradual process
that took a long time, became more complex plants and animals. The studies of Charles Darwin have reshaped and
influenced all aspects of biology. The vast amounts of evidence of evolution demonstrates the importance of the
theory of evolution by natural selection. But has this process stopped? Of course not. Evolution continues even
today.
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7.1 Classification of Living Things

FIGURE 7.1
This is a tardigrade nicknamed the water
bear.

They are microscopic organisms

with 8 legs.

Introduction

When you see an organism that you have never seen before (such as the tardigrade above), you probably group it
with other, similar organisms without even thinking about it. You would probably classify it on the basis of obvious
physical characteristics. For example, if an organism is green and has leaves, no doubt you would classify it as a
plant.
How would you classify the organisms in Figure 7.2? They look quite similar, but scientists place them in very
different categories. The organism on the left is a type of fungus. The organism on the right is an animal called a
sponge. In many ways, a sponge is no more like a fungus than you are.

FIGURE 7.2
A fungus (left) and sponge (right) are
placed in two different kingdoms of living
things.
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Taxonomy

Like you, scientists also group together similar organisms. The science of classifying living things is called taxonomy. Scientists classify living things in order to organize and make sense of the incredible diversity of life. Modern
scientists base their classifications mainly on molecular similarities. They group together organisms that have similar
proteins and DNA. Molecular similarities show that organisms are related. In other words, they are descendants of a
common ancestor in the past.

Contributions of Linnaeus

Carl Linnaeus (1707-1778) is called the “father of taxonomy.” You may already be familiar with the classification
system Linnaeus introduced.

Linnaean Classification System

You can see the main categories, or taxa (taxon, singular), of the Linnaean system in Figure 7.3. As an example,
the figure applies the Linnaean system to classify our own species, Homo sapiens. Although the Linnaean system
has been revised, it forms the basis of modern classification systems.

FIGURE 7.3

The broadest category in the Linnaean system is the kingdom. Figure 7.3 shows the Animal Kingdom because
Homo sapiens belongs to that kingdom. Other kingdoms include the Plant Kingdom, Fungus Kingdom, and Protist
Kingdom.
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Kingdoms are divided, in turn, into phyla (phylum, singular). Each phylum is divided into classes, each class into
orders, each order into families, and each family into genera (genus, singular). Each genus is divided into one
or more species. The species is the narrowest category in the Linnaean system. A species is defined as a group of
organisms that can breed and produce fertile offspring together.
Binomial Nomenclature

Linnaeus is also famous for his method of naming species, which is still used today. The method is called binomial
nomenclature. Every species is given a unique two-word name. Usually written in Latin, it includes the genus name
followed by the species name. Both names are always written in italics, and the genus name is always capitalized.
For example, the human species is named Homo sapiens. The species of the family dog is named Canis familiaris.
Coming up with a scientific naming method may not seem like a big deal, but it really is. Prior to Linnaeus, there
was no consistent way to name species. Names given to organisms by scientists were long and cumbersome. Often,
different scientists came up with different names for the same species. Common names also differed, generally from
one place to another. A single, short scientific name for each species avoided a lot of mistakes and confusion.
Domains

When Linnaeus was naming and classifying organisms in the 1700s, almost nothing was known of microorganisms.
With the development of powerful microscopes, scientists discovered many single-celled organisms that didn’t fit
into any of Linnaeus’ kingdoms. As a result, a new taxon, called the domain, was added to the classification system.
The domain is even broader than the kingdom, as you can see in Figure 7.4.
Most scientists think that all living things can be classified in three domains: Archaea, Bacteria, and Eukarya. These
domains are compared in Table 2.3. The Archaea Domain includes only the Archaea Kingdom, and the Bacteria
Domain includes only the Bacteria Kingdom. The Eukarya Domain includes the Animal, Plant, Fungus, and Protist
Kingdoms.

TABLE 7.1: Comparison of the three domains of life
Trait
Multicellularity

Archaea
No

Bacteria
No

Cell Wall

Yes
Without peptidoglycan

Yes
With peptidoglycan

Cell Nucleus (DNA inside
a membrane)
Cell Organelles (other
structures
inside
membranes)

No

No

Eukarya
Yes except for many protists
Yes for plants, fungi, and
some protists
No for animals and other
protists
Yes

No

No

Yes
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The Archaea and Bacteria Domains contain only single-celled organisms. Both Archaea and Bacteria have cells
walls, but their cell walls are made of different materials. The cells of Archaea and Bacteria lack a nucleus. A
nucleus is membrane-enclosed structure for holding a cell’s DNA.
Some Eukarya are also single-celled, but many are multicellular. Some have a cell wall; others do not. However, the
cells of all Eukarya have a nucleus and other organelles.
Archaea and Bacteria may seem more similar to each other than either is to Eukarya. However, scientists think that
Archaea may actually be more closely related to Eukarya than Bacteria are. This view is based on similarities in
their DNA.
How Should Viruses Be Classified?

This question was posed at the beginning of the chapter. Should viruses be placed in one of the three domains of
life? Are viruses living things? Before considering these questions, you need to know the characteristics of viruses.
A virus is nothing more than some DNA or RNA surrounded by a coat of proteins.
A virus is not a cell.
A virus cannot use energy, respond to stimuli, grow, or maintain homeostasis.
A virus cannot reproduce on its own. However, a virus can reproduce by infecting the cell of a living host.
Inside the host cell, the virus uses the cell’s structures, materials, and energy to make copies of itself.
• Because they have genetic material and can reproduce, viruses can evolve. Their DNA or RNA can change
through time. The ability to evolve is a very lifelike attribute.
•
•
•
•

Many scientists think that viruses should not be classified as living things because they lack most of the defining
traits of living things. Other scientists aren’t so sure. They think that the ability of viruses to evolve and interact with
living cells earns them special consideration. Perhaps a new category of life should be created for viruses. What do
you think?
Vocabulary

•
•
•
•
•
•
•
•
•
•
•
•
•

binomial nomenclature
class
domain
family
genus (genera, plural)
kingdom
Linnaeus
order
phylum (phyla, plural)
species (singular and plural)
taxon (taxa, plural)
taxonomy
virus

Lesson Summary

• Scientists classify living things to make sense of biodiversity and who how living things are related. The
science of classifying living things is called taxonomy.
• Linnaeus introduced the classification system that forms the basis of modern classification. Taxa in the
Linnaean system include the kingdom, phylum, class, order, family, genus, and species. Linnaeus also
developed binomial nomenclature for naming species.
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• More recently, scientists have added the domain to the Linnaean system of classification. The domain is a
broader taxon than the kingdom. There are three widely recognized domains: Archaea, Bacteria, and Eukarya.
• Viruses lack many traits of living things so the majority of scientists do not classify them as living organisms.
Lesson Review Questions
Recall

1. What is taxonomy, and why is it important?
2. List the taxa in Linnaeus’ system of classification, from the broadest taxon to the narrowest taxon.
3. Describe binomial nomenclature.
Apply Concepts

4. Apply the Linnaean classification system to the human species.
Think Critically

5. What is a domain? Explain why scientists added the domain to the Linnaean classification system.
6. Identify and compare the three domains of life.
7. How do you think viruses should be classified? Support your answer.
Points to Consider

Cells are the basic units of living things. Some cells have a nucleus.
• Besides a nucleus, what are some other structures that cells may contain?
• How do plant and animal cells differ?
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7.2 Linnaean Classification
•
•
•
•

Define taxonomy and binomial nomenclature.
Explain the importance of classifying organisms.
Outline the Linnaean classification system.
Describe a domain and list the three domains of life.

In biology, what would classification refer to?
There are millions and millions of species, so classifying organisms into proper categories can be a difficult task. To
make it easier for all scientists to do, a classification system had to be developed.
Linnaean Classification

The evolution of life on Earth over the past 4 billion years has resulted in a huge variety of species. For more than
2,000 years, humans have been trying to classify the great diversity of life. The science of classifying organisms
is called taxonomy. Classification is an important step in understanding the present diversity and past evolutionary
history of life on Earth.
All modern classification systems have their roots in the Linnaean classification system. It was developed by
Swedish botanist Carolus Linnaeus in the 1700s. He tried to classify all living things that were known at his time.
He grouped together organisms that shared obvious physical traits, such as number of legs or shape of leaves. For
his contribution, Linnaeus is known as the “father of taxonomy.” You can learn more about Linnaeus and his system
of classification by watching the video at this link: http://teachertube.com/viewVideo.php?video_id=169889 .
The Linnaean system of classification consists of a hierarchy of groupings, called taxa (taxon is singular). Taxa
range from the kingdom to the species (see Figure 7.5). The kingdom is the largest and most inclusive grouping.
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It consists of organisms that share just a few basic similarities. Examples are the plant and animal kingdoms. The
species is the smallest and most specific grouping. It consists of organisms that can produce fertile offspring together.
Closely related species are grouped together in a genus.

FIGURE 7.5
Linnaean Classification System: Classification of the Human Species. This chart
shows the taxa of the Linnaean classification system. Each taxon is a subdivision
of the taxon below it in the chart. For
example, a species is a subdivision of a
genus. The classification of humans is
given in the chart as an example.

Binomial Nomenclature

Perhaps the single greatest contribution Linnaeus made to science was his method of naming species. This method,
called binomial nomenclature, gives each species a unique, two-word Latin name consisting of the genus name
and the species name. the genus is capitalized an the species is not. The entire binomial nomenclature is written in
italics. An example is Homo sapiens, the two-word Latin name for humans. It literally means “wise human.” This
is a reference to our big brains.
Why is having two names so important? It is similar to people having a first and a last name. You may know several
people with the first name Michael, but adding Michael’s last name usually pins down exactly which Michael you
are referring to. In the same way, having two names uniquely identifies a species. Another example would be
Tyrannosaurus rex. To abbreviate a scientific name, the genus is represented by a capital letter with a period after it.
The species is spelled out in lower case letter. the entire abbreviation is still written in italics. Examples include: H.
sapiens and T. rex.
Revisions in Linnaean Classification

Linnaeus published his classification system in the 1700s. Since then, many new species have been discovered. The
biochemistry of many organisms has also become known. Eventually, scientists realized that Linnaeus’s system of
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classification needed revision.
A major change to the Linnaean system was the addition of a new taxon called the domain. A domain is a
taxon that is larger and more inclusive than the kingdom. Most biologists agree there are three domains of life
on Earth: Bacteria, Archaea, and Eukaryota (see Figure below). Both Bacteria and Archaea consist of single-celled
prokaryotes (having no nucleus). Eukaryota consists of all eukaryotes (having a true nucleus), from single-celled
protists to humans. This domain includes the Animalia (animals), Plantae (plants), Fungi (fungi), and Protista
(protists) kingdoms.
Vocabulary

Taxonomy-the method scientists use to identify, classify, and name organisms
Linnaean classification-a classification system for grouping organisms originally created by Carolus Linnaeus
Taxa-heirachy of groupings
Kingdom-largest group
Species-most specific group
Binomial nomenclature-two names (the genus and species)
Domain-a taxon where organisms are grouped based mainly on whether cells have a nucleus
Summary

• Classification is an important step in understanding life on Earth.
• All modern classification systems have their roots in the Linnaean classification system.
• The Linnaean system is based on similarities in obvious physical traits. It consists of a hierarchy of taxa, from
the kingdom to the species.
• Each species is given a unique two-word Latin name consisting of the Genus and species.
• The recently added domain is a larger and more inclusive taxon than the kingdom.
Review

1.
2.
3.
4.
5.

What is taxonomy?
Define taxon and give an example.
What is binomial nomenclature? Why is it important?
What is a domain? What are the three domains of life on Earth?
Create a taxonomy, modeled on the Linnaean classification system, for a set of common objects, such as motor
vehicles, tools, or office supplies. Identify the groupings that correspond to the different taxa in the Linnaean
system.

Explore More

Use this resource to answer the questions that follow.
• Categorizing Mother Nature: The Linnaean Taxonomic System at http://www.dummies.com/how-to/co
ntent/categorizing-mother-nature-the-linnaean-taxonomic-.html .
1. Why is the Linnaean taxonomic system useful as a classification system?
2. Because wolves and dogs share many similarities, they also share what part of their scientific name?
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3. Mammalia is what category of classification?
4. What is necessary for two species to be in the same genus?
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7.3 Domains of Life
• Distinguish between the three domains of life.
• List the four Eukarya kingdoms.

What do you have in common with pond scum?
Humans are in the same domain as trees and algae, which makes up the "pond scum" you see here. What could they
possibly have in common? It is the location of their DNA inside their cells. Their cells all have a nucleus that is
home to their genetic material.

The Domains of Life

Let’s explore the domain, the least specific category of classification.
All of life can be divided into three domains, based on the type of cell of the organism:
1. Bacteria: cells do not contain a nucleus.
2. Archaea: cells do not contain a nucleus; they have a different cell wall from bacteria.
3. Eukarya: cells do contain a nucleus.
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Archaea and Bacteria

The Archaea and Bacteria domains ( Figure below) are both entirely composed of small, single-celled organisms and
seem very similar, but they also have significant differences. Both are composed of prokaryotic cells, which are cells
without a nucleus. In addition, both domains are composed of species that reproduce using asexual reproduction by
dividing in two. Both domains also have species with cells surrounded by a cell wall, however, the cell walls are
made of different materials. Bacterial cell walls contain the polysaccharide peptidoglycan. Lastly, Archaea often
live in extreme environments including hot springs, geysers, and salt flats. Bacteria do not live in these environments.

FIGURE 7.6
The Group A Streptococcus organism
(left) is in the domain Bacteria, one of the
three domains of life. The Halobacterium
(right) is in the domain Archaea, another
one of the three domains.

Eukarya

All of the cells in the domain Eukarya keep their genetic material, or DNA, inside the nucleus. The domain Eukarya
is made up of four kingdoms:
1. Plantae: Plants, such as trees and grasses, survive by capturing energy from the sun, a process called photosynthesis.
2. Fungi: Fungi, such as mushrooms and molds, survive by "eating" other organisms or the remains of other
organisms. These organisms absorb their nutrients from other organisms.
3. Animalia: Animals also survive by eating other organisms or the remains of other organisms. Animals range
from tiny ants to the largest whales, and include arthropods, fish, amphibians, reptiles, and mammals ( Figure
below).
4. Protista: Protists are not all descended from a single common ancestor in the way that plants, animals, and
fungi are. Protists are all the eukaryotic organisms that do not fit into one of the other three kingdoms. They
include many kinds of microscopic one-celled organisms, such as algae and plankton, but also giant seaweeds
that can grow to be 200 feet long.
Plants, animals, fungi, and protists might seem very different, but remember that if you look through a microscope,
you will find similar cells with a membrane-bound nucleus in all of them. These are eukaryotic cells. These cells
also have membrane-bound organelles, which prokaryotic cells lack.
Vocabulary
• Archaea: Single-celled organism with no nucleus and a different cell wall than bacteria, often thriving in
extreme environments.
• asexual reproduction: Process of forming a new individual from a single cell.
• Bacteria: Single-celled organisms that do not contain a nucleus.
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FIGURE 7.7
Diversity of Animals. These photos give
just an inkling of the diversity of organisms
that belong to the animal kingdom. (A)
Sponge, (B) Flatworm, (C) Flying Insect,
(D) Frog, (E) Tiger, (F) Gorilla.

•
•
•
•
•
•

•
•
•

•

cell wall: Tough outer layer of prokaryotic cells and plant cells; helps support and protect the cell.
DNA: Deoxyribonucleic acid; a nucleic acid that is the genetic material of all organisms.
domain: Three primary, broadest categories of living things.
Eukarya: Organisms that keep their genetic material, or DNA, inside the nucleus.
eukaryotic cell: Cell that contains a nucleus and membrane-bound organelles.
nucleus: Membrane enclosed organelle in eukaryotic cells that contains the DNA; primary distinguishing
feature between a eukaryotic and prokaryotic cell; the information center, containing instructions for making
all the proteins in a cell, as well as how much of each one.
organelle: Structure within the cell that has a specific role.
peptidoglycan: Complex molecule consisting of sugars and amino acids that makes up the bacterial cell wall.
photosynthesis: The process by which specific organisms (including all plants) use the sun’s energy to make
their own food from carbon dioxide and water; process that converts the energy of the sun, or solar energy,
into carbohydrates, a type of chemical energy.
prokaryotic cell: Cell without a nucleus or membrane-bound organelles.

Summary

• All life can be classified into three domains: Bacteria, Archaea, and Eukarya.
• Organisms in the domain Eukarya keep their genetic material in a nucleus and include the plants, animals,
fungi, and protists.
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Review

1. Compare and contrast the domains Archaea and Bacteria.
2. What are the four kingdoms that make up the domain Eukarya?
3. Name three different examples of organisms in the domain Eukarya.
Explore More

Use the resource below to answer the questions that follow.
• Exploring Deep-Subsurface: Life Domains at http://www.youtube.com/watch?v=UI7Yvu4McDU (8:02)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57461

1. What are the three domains of life?
2. What category do the individual organisms that we can see with our naked eye fall into?
3. What is an extremophile? What domain is known for these organisms? (Note: recent work has shown that
extremophiles are not the only members of this domain.)
4. How do Archaea and Bacteria differ? How are they the same?
5. Which domain of life seems to be absent for deep-subsurface communities?
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7.4 Archaea
Introduction

Astrobiologists are studying archaeans to learn about potential life forms on other planets. Because archaeans
inhabit places previously considered incompatible with life, they may provide clues that will help scientists detect
extraterrestrial life. New research suggests that archaeans may even be capable of space travel by meteorite. This is
one way that life could have begun on Earth. You will learn more about these fascinating, ancient organisms as you
read this lesson.
Archaeans are among the earliest forms of life to appear on Earth. Archaea and bacteria appear to have evolved
separately from a common ancestor nearly 4 billion years ago. Millions of years later, the ancestors of today’s
eukaryotes split off from the archaea, so eukaryotes are more closely related to archaeans than to bacteria.
The following table compares and contrasts different types of extremophiles (archaeans that live in environments
not hospitable to other organisms).

TABLE 7.2: Extremophiles
Type of Extremophile
Halophile
Hyperthermophile
Acidophile
Alkaliphile

Extreme It Can Tolerate
Salt
Heat
Acid
Base

Example of Where It Is Found
Great Salt Lake, Utah
Hot springs
Acid mine drainage
Mono Lake, California

Explore More

To learn more about methanogenesis, the process by which some archaeans break down carbon compounds and
produce methane gas read the articles at the following URLs.
http://en.wikipedia.org/wiki/Methanogenesis
http://www.daviddarling.info/encyclopedia/M/methanogen.html

Lesson Vocabulary

• archaean: Single-celled prokaryotic organism that is a member of the Archaea Domain.
• extremophile: Organism that lives in extreme conditions, such as very hot, salty, acidic, or basic conditions.
• methanogen: Type of archaean prokaryote that produces methane gas as a waste product of anaerobic respiration.
Lesson Review Questions

1. What are archaeans?
2. Define extremophile.
3. Identify four types of archaean extremophiles.
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4. You have a stomach ache and diarrhea. You think you have been infected by a prokaryote. Which type of
prokaryote is it likely to be, a bacterium or an archaean? Explain your answer.
5. Explain the ecological role of methanogens that live in animals like cows.
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7.5 Bacteria
•
•
•
•

Describe common bacterial shapes.
Summarize the similarities between bacterial cells and eukaryotic cells.
Summarize the differences between bacterial cells and eukaryotic cells.
Explain the roles of the cell wall and the flagella in bacteria.

Are bacteria living things?
Bacteria are individual living cells. Bacteria cells are similar to your cells in many ways; yet, they also have distinct
differences. Bacteria have many unique adaptations allowing them to live in many different environments.
Characteristics of Bacteria

Bacteria are the most successful organisms on the planet. They lived on this planet for two billion years before the
first eukaryotes and, during that time, evolved into millions of different species.
Size and Shape

Bacteria are so small that they can only be seen with a microscope. When viewed under the microscope, they have
three distinct shapes ( Figure 7.8). Bacteria can be identified and classified by their shape:
1. Bacilli are rod-shaped.
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2. Cocci are sphere-shaped.
3. Spirilli are spiral-shaped.

FIGURE 7.8
Bacteria come in many different shapes.
Some of the most common shapes are
bacilli (rods), cocci (spheres), and spirilli
(spirals). Bacteria can be identified and
classified by their shape.

Similarities to Eukaryotes

Like eukaryotic cells, bacterial cells have:
1.
2.
3.
4.

Cytoplasm, the fluid inside the cell.
A plasma or cell membrane, which acts as a barrier around the cell.
Ribosomes, in which proteins are put together.
DNA. By contrast though, bacterial DNA is contained in a large, circular strand. This single chromosome is
located in a region of the cell called the nucleoid. Many bacteria also have additional small rings of DNA
known as plasmids.

See bacterial cell pictured below ( Figure 7.9).

FIGURE 7.9
The structure of a bacterial cell is distinctive from a eukaryotic cell because of
features such as an outer cell wall, the
circular DNA of the nucleoid, and the lack
of membrane-bound organelles.
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Unique Features

Bacteria lack many of the structures that eukaryotic cells contain. For example, they don’t have a nucleus. They
also lack membrane-bound organelles, such as mitochondria or chloroplasts. The DNA of a bacterial cell is also
different from a eukaryotic cell. Bacterial DNA is contained in one circular chromosome, located in the cytoplasm.
Eukaryotes have several linear chromosomes. Bacteria also have two additional unique features: a cell wall and
flagella.

The Cell Wall

Bacteria are surrounded by a cell wall consisting of peptidoglycan. This complex molecule consists of sugars and
amino acids. The cell wall is important for protecting bacteria. The cell wall is so important that some antibiotics,
such as penicillin, kill bacteria by preventing the cell wall from forming.
Some bacteria depend on a host organism for energy and nutrients. These bacteria are known as parasites. If the
host starts attacking the parasitic bacteria, the bacteria release a layer of slime that surrounds the cell wall. This
slime offers an extra layer of protection.

Flagella

Some bacteria also have tail-like structures called flagella ( Figure 7.10). Flagella help bacteria move. As the
flagella rotate, they spin the bacteria and propel them forward. Though some eukaryotic cells do have a flagella, a
flagella in eukaryotes is rare.

FIGURE 7.10
The flagella facilitate movement in bacteria. Bacteria may have one, two, or many
flagella—or none at all.
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Vocabulary

• bacilli: Rod-shaped.
• cell wall: Tough outer layer of bacterial cells that helps support and protect the cell; also found around plant
cells.
• cocci: Sphere-shaped.
• flagella: Tail-like structures that help bacteria move.
• nucleoid: DNA, contained in a large circular strand, forming a single chromosome.
• parasite: Organism that benefits in a symbiotic (parasitism) relationship in which one organism is harmed.
• peptidoglycan: Complex molecule consisting of sugars and amino acids that makes up the bacterial cell wall.
• plasmid: Small ring of additional DNA.
• spirilli: Spiral-shaped.
Summary

• Bacteria can be classified by their shape, including bacilli (rods), cocci (spheres), and spirilli (spirals)
• Bacteria are like eukaryotic cells in that they have cytoplasm, ribosomes, and a plasma membrane.
• Features that distinguish a bacterial cell from a eukaryotic cell include the circular DNA of the nucleoid, the
lack of membrane-bound organelles, the cell wall of peptidoglycan, and flagella.
Explore More

Use the resources below to answer the following questions.
Explore More I

• Prokaryotic Cells at http://www.youtube.com/watch?v=gGlhCWg5iOM (2:23)
1.
2.
3.
4.

What does the word prokaryote mean?
How does bacterial DNA differ from the DNA in eukaryotic cells? What is one explanation for this difference?
What is the bacterial capsule? Are all bacterial capsules made of the same material?
How does the movement of bacterial flagella differ from the movement of eukaryotic flagella?

Explore More II

• Cells Alive at http://www.cellsalive.com/cells/bactcell.htm
1. Describe three features of a bacterial cell?
2. What is the nucleoid?
3. What is a plasmid?
Review

1.
2.
3.
4.
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How are bacteria classified?
How are bacterial cells like your cells?
How are bacterial cells different from your cells?
Describe the bacterial flagella.
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7.6 Protists

FIGURE 7.11
An amoeba belongs to the Protist kingdom. It is unicellular, engulfs its food and
must live in a moist environment.

Introduction

Most single-celled eukaryotic organisms are protists, the simplest eukaryotes.

Protist Classification and Evolution

Protists are placed in the Protist Kingdom. This kingdom is one of four kingdoms in the Eukarya domain. The
other three Eukarya kingdoms are the Fungi, Plant, and Animal Kingdoms.

Classification of Protists

The Protist Kingdom is hard to define. It includes many different types of organisms. You can see some examples
of protists in the figure below. The Protist Kingdom includes all eukaryotes that don’t fit into one of the other three
eukaryote kingdoms. For that reason, it’s sometimes called the “trash can” kingdom.
The number of species in the Protist Kingdom is unknown. It could range from as few as 60,000 to as many as
200,000 species. For a beautiful introduction to the amazing world of protists, watch this video:
http://www.youtube.com/watch?v=0-6dzU4gOJo

General Traits of Protists

Despite the diversity of protists, they do share some traits.
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FIGURE 7.12
These examples of protists show how varied they are.

• The cells of all protists have a nucleus. They also have other membrane-bound organelles. For example, all of
them have mitochondria, and some of them have chloroplasts.
• Most protists consist of a single cell. Some are multicellular but they lack specialized cells.
• Most protists live in wet places. They are found in oceans, lakes, swamps, or damp soils.
• Many protists can move.

Most protists also have a complex life cycle. The life cycle of an organism is the cycle of phases it goes through until
it returns to the starting phase. The protist life cycle includes both sexual and asexual reproduction. Why reproduce
both ways? Each way has benefits. Asexual reproduction is fast. It allows rapid population growth when conditions
are stable. Sexual reproduction increases genetic variation. This helps ensure that some organisms will survive if
conditions change.

Types of Protists

Protists are classified based on traits they share with other eukaryotes. There are animal-like, plant-like, and funguslike protists. The three groups differ mainly in how they get carbon and energy.
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Animal-Like Protists

Animal-like protists are called protozoa (protozoan, singular). Most protozoa consist of a single cell. Protozoa are
probably ancestors of animals.
Protozoa are like animals in two ways:
1. Protozoa are heterotrophs. Heterotrophs get food by eating other organisms. Some protozoa prey on bacteria.
Some are parasites of animals. Others graze on algae. Still others are decomposers that break down dead
organic matter.
2. Almost all protozoa can move. They have special appendages for this purpose. You can see different types in
Figure 7.13. Cilia (cilium, singular) are short, hair-like projections. Pseudopods are temporary extensions
of the cytoplasm. Flagella are long, whip-like structures. Flagella are also found in most prokaryotes.

FIGURE 7.13
Three types of appendages for movement
in protozoa

Plant-Like Protists

Plant-like protists are commonly called algae (alga, singular). Some algae consist of single cells. They are called
diatoms. Other algae are multicellular. An example is seaweed. Seaweed called kelp can grow as large as trees. You
can see both a diatom and kelp in Figure 7.14. Algae are probably ancestors of plants.

FIGURE 7.14
Diatom (left) and kelp (right)

Algae are like plants mainly because they contain chloroplasts. This allows them to make food by photosynthesis.
Algae are important producers in water-based ecosystems such as the ocean. On the other hand, algae lack other
plant structures. For example, they don’t have roots, stems, or leaves. Also unlike plants, some algae can move.
They may move with pseudopods or flagella.
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Fungus-Like Protists

Fungus-like protists include slime molds and water molds, both shown in Figure 7.15. They exist as individual cells
or as many cells that form a blob-like colony. They are probably ancestors of fungi. Like fungi, many fungus-like
protists are decomposers. They absorb nutrients from dead logs, compost, and other organic remains
• Slime molds are commonly found on rotting organic matter such as compost. Swarms of cells move very
slowly over the surface. They digest and absorb nutrients as they go.
• Water molds are commonly found in moist soil and surface water. Many water molds are plant pathogens or
fish parasites.

FIGURE 7.15
The slime mold (top) is called “dog vomit”
mold. The water mold (bottom) is a plant
parasite that has infiltrated a potato.
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Protists and Human Diseases

Many human diseases are caused by protists. Most of them are caused by protozoa. They are parasites that invade
and live in the human body. The parasites get a place to live and nutrients from the human host. In return, they make
the host sick. Examples of human diseases caused by protozoa include giardiasis and malaria.
• Protozoa that cause giardiasis are spread by contaminated food or water. They live inside the intestine. They
may cause abdominal pain, fever, and diarrhea.
• Protozoa that cause malaria are spread by a vector. They enter the blood through the bite of an infected
mosquito. They live inside red blood cells. They cause overall body pain, fever, and fatigue. Malaria kills
several million people each year. Most of the deaths occur in children.

Lesson Summary

• Protists are eukaryotes in the Protist Kingdom. Most are single-celled organisms. Protists are thought to be the
oldest eukaryotes. They probably evolved when some prokaryotic cells invaded or were engulfed by others.
• Traits of most protists include the ability to move, living in wet places, and complicated life cycles. Most
reproduce both asexually and sexually.
• Protists are classified as animal-like, plant-like, or fungus-like. The three groups differ mainly in how they
obtain carbon and energy.
• Several protozoa are human parasites. They cause diseases such as giardiasis and malaria.

Lesson Vocabulary

•
•
•
•
•
•
•

alga (algae, plural)
cilium (cilia, plural)
life cycle
protist
Protist Kingdom
protozoan (protozoa, plural)
pseudopod

Lesson Review Questions
Recall

1. Define protist.
2. List general traits of most protists.
3. What human diseases are caused by protists?

Apply Concepts

4. Create a table comparing and contrasting the three types of protists.

Think Critically

5. Explain how protists are thought to have evolved.
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Points to Consider

Fungus-like protists resemble fungi.
• What are fungi?
• How do fungi differ from plants and animals?
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7.7 Fungi

Introduction

Look at the gray fuzz growing on the bread in the figure below. It’s a type of fungus. It looks gross and it spoils
the bread. But fungi like this actually play important roles in many ecosystems. There are also many human uses of
fungi, which you’ll learn when you read this lesson.

FIGURE 7.16
The fuzzy growth on this bread is a fungus.

What Are Fungi?

Fungi (fungus, singular) are relatively simple eukaryotic organisms. They are placed in their own kingdom, the
Fungus Kingdom. Most fungi are multicellular organisms. These fungi are called molds. However, some fungi
exist as single cells. These fungi are called yeasts. You can see examples of different types of fungi in the figure
below. For a funny, fast-paced overview of fungi, watch this video:
http://www.youtube.com/watch?v=m4DUZhnNo4s

Classification and Evolution of Fungi

For a long time, scientists classified fungi as members of the Plant Kingdom. Fungi share several obvious traits with
plants. For example, both fungi and plants lack the ability to move. Both grow in soil, and both have cell walls.
Some fungi even look like plants.
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FIGURE 7.17
Examples of fungi

Fungi Classification

Today, fungi are no longer classified as plants. We now know that they have important traits that set them apart from
plants. That’s why they are placed in their own kingdom. How do fungi differ from plants?
• The cell walls of fungi are made of chitin. Chitin is a tough carbohydrate that also makes up the outer skeleton
of insects. The cell walls of plants are made of cellulose.
• Fungi are heterotrophs that absorb food from other organisms. Plants are autotrophs that make their own food.
The Fungus Kingdom is large and diverse. It may contain more than a million species. However, fewer than 100,000
species of fungi have been identified.
Fungi Evolution

The earliest fungi evolved about 600 million years ago. They lived in the water. Fungi colonized the land around
the same time as plants. That was probably between 400 and 500 million years ago. After that, fungi became very
abundant on land. By 250 million years ago, they may have been the dominant life forms on land.
Structure of Fungi

Yeasts grow as single cells. Other fungi grow into multicellular, thread-like structures. These structures are called
hyphae (hypha, singular). You can see a photo of hyphae in the figure below. They resemble plant roots. Each
hypha consists of a group of cells surrounded by a tubular cell wall.
A mass of hyphae make up the body of a fungus. The body is called the mycelium (mycelia, plural). A mycelium
may range in size from microscopic to very large. In fact, the largest living thing on Earth is the mycelium of a
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FIGURE 7.18
White hyphae of a fungus

single fungus. Nicknamed the “humongous fungus,” it grows in a forest in Oregon. A small part of the fungus is
pictured in the figure below. The giant fungus covers an area of 2384 acres. That’s about the size of 1,665 football
fields! The fungus is estimated to be at least 2400 years old, but it could be much older.

FIGURE 7.19
These mushrooms are a visible part of the
humongous fungus in Oregon. Most of
the fungus is underground in the soil. It
spreads by sending out hyphae into the
surrounding soil.

Fungi Reproduction

Most fungi reproduce both asexually and sexually. Asexual reproduction is by haploid spores (special cells for
reproducing). Yeast reproduce by haploid spores or budding.
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Roles of Fungi in Ecosystems

Most fungi grow on moist soil or rotting vegetation such as dead logs. Some fungi live in water. Others live in or
on other organisms. Fungi get their nutrition by absorbing organic compounds from other organisms. The other
organisms may be dead or alive, depending on the fungus.

Fungi as Decomposers

Most fungi get organic compounds from dead organisms. Fungi use their hyphae to penetrate deep into decaying
organic matter. They produce enzymes at the tips of their hyphae. The enzymes digest the organic matter so the
fungal cells can absorb it. Fungi are the main decomposers in forests. They are the only decomposers that can break
down cellulose and wood. They have special enzymes for this purpose.

Fungi Symbiosis

Many fungi get organic compounds from living organisms. They have close relationships with other species. A
close relationship between two species is called a symbiotic relationship. Two symbiotic relationships in fungi are
mycorrhiza and lichen. These relationships are beneficial for both species.
• Mycorrhiza is a relationship between a fungus and a plant. The fungus grows in or on the plant’s roots. The
fungus benefits from easy access to food made by the plant. The plant benefits because the fungal hyphae
absorb water and nutrients from the soil that the plant needs.
• Lichen is a relationship between a fungus and cyanobacteria or green algae. The fungus grows around the
bacterial or algal cells. The fungus benefits by getting some of the food made by the photosynthetic cells. The
bacteria or algae benefit by getting some of the water and nutrients absorbed by the fungus. You can see a
picture of lichen in Figure 7.20.

FIGURE 7.20
Lichen growing on a rock
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Some fungi have a different kind of relationship with plants. They are plant parasites. They get food from the
plants and cause harm to the plants in return. Fungi are the major causes of disease in agricultural crops. They may
eventually kill their plant hosts.
Some fungi are animal parasites. The wasp in Figure 7.21 is infected with a fungus. The fungus is the white fuzzy
matter on the dark brown moth.

FIGURE 7.21
Wasp infected by a parasitic white fungus

Fungi and People

Fungi may cause disease in people as well as other organisms. On the other hand, people have been using fungi for
thousands of years.
Human Uses of Fungi

One way we use fungi is by eating them. Many species of mushrooms are edible. Yeasts are used for break making.
Other fungi are used to ferment foods, such as soy sauce and cheeses. You can see the fungus growing through the
blue cheese in Figure 7.22. The fungus gives the cheese its distinctive appearance and taste.

FIGURE 7.22
Blue cheese is blue because of the fungus
growing throughout it.
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People also use fungi:
•
•
•
•

to produce antibiotics.
to produce human hormones such as insulin.
as natural pesticides.
as model research organisms.

Fungi and Human Diseases

Several common human diseases are caused by fungi. They include ringworm and athlete’s foot, both shown in
Figure 7.23. Ringworm isn’t caused by a worm. It’s a skin infection by a fungus that leads to a ring-shaped rash.
The rash may occur on the head, neck, trunk, arms, or legs. Athlete’s foot is caused by the same fungus as ringworm.
But in athlete’s foot, the fungus infects the skin between the toes. Athlete’s foot is the second most common skin
disease in the U.S.

FIGURE 7.23
Ringworm (left) and athlete’s foot (right)
are fungal infections of the skin.

Lesson Summary

• Fungi are eukaryotes in the Fungus Kingdom. Fungi include molds, which are multicellular, and yeasts, which
are single-celled.
• Fungi are similar in some ways to plants but have unique traits that set them apart from plants. Fungi first
evolved about 600 million years ago.
• Most fungi grow into multicellular threadlike hyphae. A mass of hyphae makes up the body, or mycelium, of
the fungus.
• Most fungi reproduce both asexually and sexually. Asexual reproduction is by haploid spores (or by budding
in yeasts). Sexual reproduction is by diploid spores.
• Most fungi are decomposers. They are the main decomposers in forests. Many fungi have symbiotic relationships with other species.
• People use fungi for food and other purposes. Some fungi cause human diseases.
Lesson Vocabulary

•
•
•
•
•
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mold
mycelium (mycelia, plural)
mycorrhiza
spore
yeast

Lesson Review Questions
Recall

1.
2.
3.
4.

What are fungi? What are two examples of fungi?
Describe the hyphae and mycelium of a fungus.
Give an overview of fungi reproduction.
What are some ways that people use fungi?

Apply Concepts

5. Assume that you notice fungi growing on a wooden fence in your backyard. You want the fence to last as long
as possible. Should you remove the fungi or leave them alone? Explain your answer.
Think Critically

6. Fungi used to be placed in the Plant Kingdom. Explain why they are now placed in their own kingdom.
7. Compare and contrast mycorrhiza and lichen.
Points to Consider

Fungi share certain traits with plants.
• How do plants differ from fungi?
• What are some other traits of plants?
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8.1 Plants
Introduction

Most modern plants, like the skunk cabbage, produce flowers. However, flowers evolved relatively late in the history
of plants. The earliest plants not only lacked flowers, but also lacked leaves, roots, and stems. They probably
resembled the alga in the figure below.

FIGURE 8.1
The earliest plants may have resembled
this modern-day alga. It grows under the
water.

If the earliest plants were so different from modern plants, why are they even considered plants? What traits define
a plant? Before reading the answer to this question, watch this amazing visual introduction to plants:
http://www.youtube.com/watch?v=_F8kYkn49Ec
What Are Plants?

Plants are multicellular eukaryotes (they have a nucleus) that are placed in the Plant Kingdom. Plant cells have cell
walls that are made of cellulose. Plant cells also have chloroplasts that allow plants to make food by photosynthesis.
In addition, plants have specialized reproductive organs that produce gametes. Male reproductive organs produce
sperm. Female reproductive organs produce eggs. Male and female reproductive organs may be on the same plant
or on different plants.
Seeds

Plants use seeds to reproduce. Plants that have flowers are called angiosperm. Plants without flowers are called
gymnosperm. Plants without vascular tissue, such as mosses and ferns, do not have seeds or flowers. These plants
reproduce using spores. Some plants, such as pine trees, have seeds, but no flowers. They are known as conifers
and their seeds are protected by cones. Many conifers are used as Christmas trees. Flowering plants use these
flowers to protect their seeds. Flowering plants include apple trees and rose bushes.
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Leaves

Leaves are the keys not only to plant life but to virtually all life on land. The primary role of leaves is to collect
sunlight and make food by photosynthesis. Leaves vary in size, shape, and how they are arranged on stems. You can
see examples of different types of leaves in Figure 8.2.
Photosynthesis

Plants are producers because they make their own food. Using photosynthesis, plants use carbon dioxide, water,
and sunlight captured by chlorophyll in the chloroplasts. The process of photosynthesis is used to produce glucose
(sugar used to create energy) and oxygen. Because plants get energy directly from the sun, they are considered to be
the foundation of all food chains and food webs. The number of plants in an ecosystem will determine the number
of organisms the ecosystem can support.
Each type of leaf is well suited for the plant’s environment. It maximizes light exposure while conserving water,
reducing wind resistance, or benefiting the plant in some other way in its particular habitat. For example, some
leaves are divided into many smaller leaflets. This reduces wind resistance and water loss.
Leaves are basically factories for photosynthesis.
• A factory has specialized machines to produce a product. In a leaf, the "machines" are the chloroplasts.
• A factory is connected to a transportation system that supplies it with raw materials and carries away the
finished product. In a leaf, transport is carried out by veins containing vascular tissue. Veins carry water and
minerals to the cells of leaves. They carry away dissolved sugar.
• A factory has bricks, siding, or other external protection. A leaf is covered with dermal cells. They secrete
waxy cuticle to prevent evaporation of water from the leaf.
• A factory has doors and windows to let some materials enter and leave. The surface of the leaf has tiny pores
called stomata (stoma, singular). They can open and close to control the movement of gases between the
leaves and the air.
Summary

• Plants are multicellular eukaryotes in the Plant Kingdom. They have cell walls of cellulose and chloroplasts
for photosynthesis. Life as we know it depends on plants. They feed most other organisms. They also perform
many other services.
• Plants are known as producers. Photosynthesis allows plants to produce their own food.
• Plants continue to grow throughout life. Cells increase in both size and number. Undifferentiated cells in
meristem tissue can keep dividing. They allow growth to continue.
Lesson Vocabulary

•
•
•
•
•
•
•
•
•
•

leaf
plant
Plant Kingdom
stoma (stomata, plural)
transpiration
vascular tissue
angiosperm
gymnosperm
conifer
producer
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FIGURE 8.2
Variation in plant leaves
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• glucose
Lesson Review Questions
Recall

1. What are plants?
Apply Concepts

1. Choose one of the three main organs of plants: roots, stems, or leaves. State the primary function of the organ.
Explain how the organ’s structure helps it complete its function.
Think Critically

1. Why would life as we know it be impossible without plants?
Points to Consider

The earliest plants were similar to green algae and lived in water.
1. What do you think the earliest plants might have been like?

237

8.2. Plant Classification

www.ck12.org

8.2 Plant Classification
• Explain how plants are classified.
• Distinguish vascular plants from nonvascular plants.
• Distinguish gymnosperms from angiosperms.

Do all plants grow from seeds?
No, there are actually a few plants that do not make seeds. Whether or not a plant makes seeds is one criteria used
to classify plants. How else could you distinguish between plants?

Plant Classification

Plants are formally divided into 12 phyla (plural for phylum), and these phyla are gathered into four groups (Figure
below). These four groups are based on the evolutionary history of significant features in plants:
1. Nonvascular plants evolved first. They are distinct from the algae because they keep the embryo inside of
the reproductive structure after fertilization. These plants do not have vascular tissue, xylem or phloem, to
transport nutrients, water, and food. Examples include mosses, liverworts, and hornworts.
2. Seedless vascular plants evolved to have vascular tissue after the nonvascular plants but do not have seeds.
Examples include the ferns, whisk ferns, club mosses, and horsetails.
3. Gymnosperms evolved to have seeds but do not have flowers. Examples of gymnosperms include the
Redwood, Fir, and Cypress trees.
4. Flowering plants, or angiosperms, evolved to have vascular tissue, seeds, and flowers. Examples of angiosperms include magnolia trees, roses, tulips, and tomatoes.
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FIGURE 8.3
The plant kingdom contains a diversity of
organisms.

Vocabulary

•
•
•
•

angiosperm: Flowering plant with vascular tissue, seeds, and flowers.
gymnosperm: Plant with vascular tissue and seeds but no flowers.
nonvascular plant: Plant without vascular tissue.
seedless vascular plant: Plant with vascular tissue but no seeds or flowers.

Summary

•
•
•
•

Nonvascular plants were the first plants to evolve and do not have vascular tissue.
Seedless vascular plants have vascular tissue but do not have seeds.
Gymnosperms have seeds but do not have flowers.
Angiosperms have vascular tissue, seeds, and flowers.

Explore More

Use the resource below to answer the questions that follow.
• Plant Body Systems and Classification Part 1 at http://www.youtube.com/watch?v=6FnPVFPSt3A (7:21)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57433

1.
2.
3.
4.
5.

What plant groups are included in non-vascular plants
Give an example of a seedless vascular plant.
What groups of plants have seeds?
What groups of plants have fruit?
Where do you usually find non-vascular plants? Why?

Review

1.
2.
3.
4.
5.
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What distinguishes the gymnosperms from other plants?
What were the first types of plants to evolve?
List the following major features of plants in the order they evolved: seeds, vascular tissue, flowers.
Give two examples of seedless vascular plants.
Give two examples of angiosperms.
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8.3 Non-vascular Plants

• Define bryophyte.
• Describe examples of nonvascular seedless plants.
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What did forests look like millions of years ago?
The trees you see today did not exist. Nonvascular plants and vascular seedless plants first dominated the forest. The
remains of these forests formed the coal that we depend on today.
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Nonvascular Seedless Plants

Nonvascular seedless plants, as their name implies, lack vascular tissue. Vascular tissue is specialized tissue that
transports water, nutrients, and food in plants. As they lack vascular tissue, they also do not have true roots, stems,
or leaves. Nonvascular plants do often have a “leafy” appearance, though, and they can have stem-like and root-like
structures. These plants are very short because they cannot move nutrients and water up a stem.
Nonvascular seedless plants, also known as bryophytes, are classified into three phyla:
1. Mosses
2. Hornworts
3. Liverworts

Mosses

Mosses are most often recognized as the green “fuzz” on damp rocks and trees in a forest. If you look closely, you
will see that most mosses have tiny stem-like and leaf-like structures. This is the gametophyte stage. Remember that
a gametophyte is haploid, having only one set of chromosomes. The gametophyte produces the gametes that, after
fertilization, develop into the diploid sporophyte with two sets of chromosomes. The sporophyte forms a capsule,
called the sporangium, which releases spores (Figure below).

FIGURE 8.4
Sporophytes sprout up on stalks from this bed of moss gametophytes.
Notice that both the sporophytes and gametophytes exist at the same
time.

Hornworts

Hornworts are named for their appearance. The "horn" part of the name comes from their hornlike sporophytes,
and “wort” comes from the Anglo-Saxon word for herb. The hornlike sporophytes grow from a base of flattened
lobes, which are the gametophytes ( Figure 8.5). They usually grow in moist and humid areas.

Liverworts

Liverworts have two distinct appearances: they can either be leafy like mosses or flattened and ribbon-like. Liverworts get their name from the type with the flattened bodies, which can resemble a liver ( Figure 8.6). Liverworts
can often be found along stream beds.
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FIGURE 8.5
In hornworts, the “horns” are the sporophytes that rise up from the leaflike gametophyte.

FIGURE 8.6
Liverworts with a flattened, ribbon-like body are called thallose liverworts.

Vocabulary

•
•
•
•
•
•
•
•
•

bryophyte: Type of plant that lacks vascular tissues, such as a liverwort, hornwort, or moss.
gametophyte: Haploid (having one set of chromosomes) generation in the life cycle of a plant.
hornwort: Nonvascular plant with long and pointed sporophytes, like tiny horns.
liverwort: Nonvascular plant that has leaf-like or ribbon-like bodies.
moss: Tiny nonvascular plant that grows like carpets and has leaf-like structures.
nonvascular seedless plant: Plant without vascular tissue or seeds.
sporangium: Capsule that releases spores in mosses.
sporophyte: Diploid (having two sets of chromosomes) generation in the life cycle of a plant.
vascular tissue: Specialized tissue that transports water, nutrients, and food in plants.

Summary

• Nonvascular plants lack seeds and vascular tissue.
• Nonvascular plants include the mosses, the hornworts, and the liverworts.
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Explore More

Use the resource below to answer the questions that follow.
• Nonvascular Plants at http://www.youtube.com/watch?v=kBPLKUTtXBM (3:22)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57441

1.
2.
3.
4.
5.

How do bryophytes keep their eggs from drying out?
How does bryophyte sperm locate the bryophyte egg?
What happens in the archegonia?
What happens in the antheridium?
Where does fertilization of the bryophyte egg occur?

Review

1. What is a bryophyte?
2. What are examples of nonvascular plants?
3. Why do nonvascular plants tend to be very short?
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8.4 Vascular Seedless Plants
• Give properties of vascular seedless plants.
• Describe examples of vascular seedless plants.

How do these trees and mosses differ?
The trees tower in the sky, while the mosses carpet the forest floor. Mosses, like the first plants, are restricted
to life near the ground because they lack vascular system. Only with a vascular system can these trees transport
sugars, nutrients, and water up and down their tall trunks. The evolution of the vascular system was a big step in the
evolutionary history of plants.
Vascular Seedless Plants

For these plants, the name says it all. Vascular seedless plants have vascular tissue but do not have seeds. Remember
that vascular tissue is specialized tissue that transports water and nutrients throughout the plant. The development
of vascular tissue allowed these plants to grow much taller than nonvascular plants, forming ancient swamp forests.
Most of these large vascular seedless plants are now extinct, but their smaller relatives still remain. Vascular tissue
includes xylem, which transports water from the roots to the rest of the plant; and phloem, which transports sugars
and nutrients from the leaves throughout the plant.
Seedless vascular plants include:
1.
2.
3.
4.
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Ferns.
Horsetails.
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www.ck12.org

Chapter 8. Plants

Clubmosses

Clubmosses are so named because they can look similar to mosses (Figure below). Clubmosses are not true mosses,
though, because they have vascular tissue. The “club” part of the name comes from club-like clusters of sporangia
found on the plants. One type of clubmoss is called the "resurrection plant" because it shrivels and turns brown when
it dries out but then quickly turns green when watered again.

FIGURE 8.7
Clubmosses can resemble mosses; however, clubmosses have vascular tissue,
while mosses do not.

Ferns

Ferns are the most common seedless vascular plants (Figure below). They usually have large divided leaves called
fronds. In most ferns, fronds develop from a curled-up formation called a fiddlehead (Figure below). The fiddlehead
looks like the curled decoration on the end of a stringed instrument, such as a fiddle. Leaves unroll as the fiddleheads
grow and expand. Ferns grow in a variety of habitats, ranging in size from tiny aquatic species to giant tropical plants.

Horsetails

Horsetails have hollow, ribbed stems and are often found in marshes (Figure below). Whorls of tiny leaves around
the stem make the plant look like a horse’s tail, but these soon fall off and leave a hollow stem that can perform
photosynthesis. This is unusual since photosynthesis most often occurs in leaves. The stems are rigid and rough to
the touch because they are coated with a scratchy mineral. Because of their scratchy texture, these plants were once
used as scouring pads for cleaning dishes.

Whisk Ferns

Whisk ferns have green branching stems with no leaves, so they resemble a whisk broom (Figure below). Another
striking feature of the whisk ferns is its spherical yellow sporangia.
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FIGURE 8.8
Ferns are common in the understory of the tropical rainforest.

FIGURE 8.9
The first leaves of most ferns appear curled up into fiddleheads.

Vocabulary

• club moss: Vascular seedless plant that looks similar to the nonvascular moss, but with true roots, stems, and
leaves.
• fern: Vascular seedless plant with large divided leaves called fronds.
• horsetail: Vascular seedless plant with hollow, ribbed stems; it is often found in marshes.
• vascular seedless plant: Plant with vascular tissue but no seeds or flowers.
• whisk fern: Vascular seedless plant with green branching stems, yellow spherical sporangia, and no leaves.

Summary

• Vascular seedless plants have vascular tissue, a specialized tissue that transports water and nutrients throughout
the plant.
• Vascular seedless plants include the club mosses, ferns, whisk ferns, and horsetails.
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FIGURE 8.10
Horsetails are common in marshes.

Explore More

Use the resource below to answer the questions that follow.
• Seedless Vascular Plants at http://www.youtube.com/watch?v=VKS-smv1g7A (1:32)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57439

1. How many species of ferns and horsetails have scientists identified today?
2. How do scientists feel the present day diversity of ferns and horsetails compares to the diversity of these plants
before the appearance of plants with seeds?
3. What sex are the spores of a fern?
4. What happens to the fertilized embryo of a fern?
Review

1.
2.
3.
4.

Why are the vascular seedless plants different from the nonvascular plants?
What are two examples of vascular seedless plants?
What is the role of vascular tissue in plants?
What was the primary result of the evolution of vascular tissue in plants?
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FIGURE 8.11
Whisk ferns have yellow sporangia and no
leaves.

5. What is the most common seedless vascular plant?
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8.5 Plant Dormancy and Deciduous Trees
• Describe the three major characteristics of all plants.
• Explain the primary role of plants in ecosystems.

FIGURE 8.12

What is this?
These sunflower seeds and the tree will remain dormant until the right conditions for growth occur.
Dormancy

In the fall and winter there are shorter days and cold temperatures. These conditions cause plants to become
dormant (inactive). Plants have an internal mechanism that allows them to monitor the environment to determine
the appropriate time to begin growth. If the plant begins to grow and finds that conditions become unfavorable
again, it may be permanently damaged. When buds are noticeable, the plant has already begun to grow.
Seeds also have an internal mechanism that determines when growth will be most beneficial for survival. Seeds
can also remain dormant until the correct conditions (water, nutrients, and temperature) allow growth to occur.
Dormancy can allow seedling plants to have the best conditions for growth or create a group of seeds for later use.
Deciduous Trees

What is this?
This tree loses its leaves in the fall.
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FIGURE 8.13

Deciduous trees lose their leaves during a portion of the year. Some trees may lose their leaves when it is colder, and
others lose them during the dry season. The leaves of these trees are large and require a great deal of water. During
times of cold temperature or lack of rain, the tree must conserve water. Since leaves get rid of water through
transpiration, deciduous trees let go of the leaves.
Vocabulary

• Dormant-a state of inactivity where plants or seeds wait until conditions are favorable for growth
• Deciduous-the annual shedding of leaves by trees and shrubs to conserve water
Summary

• Plants and seeds remain dormant in order to wait for favorable conditions for survival
• Deciduous trees lose their leaves when it is too cold or too wet in order to conserve water
Explore More

Use the resources below to learn more about these topics.
• Plant dormancy: https://www.youtube.com/watch?v=GWsJbRxl4mA 0:54
• Brainpop-Autumn Leaves: https://www.brainpop.com/science/ecologyandbehavior/autumnleaves/ 1:49
Review

1.
2.
3.
4.
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Explain the importance of dormancy for plants and seeds.
What are the triggers for dormancy?
Explain the importance of deciduous behavior in trees.
What are the triggers for deciduous behavior?
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8.6 Tropisms
• Define tropism.
• Distinguish phototropism from gravitropism and from thigmotropism.

Why are these plants turning sideways?
Plants respond to their environment in how they grow. In this picture, the light source is probably off to the left side.
As a result, the plants grow in this direction to get more light.
Tropisms

Plants may not be able to move, but they are able to change how they grow in response to their environment. Growth
toward or away from a stimulus is known as a tropism ( Table 8.1). Auxins, a class of plant hormones, allow plants
to curve in specific directions as they grow. The auxin moves to one side of the stem, where it starts a chain of events
that cause rapid cell growth on just that one side of the stem. With one side of the stem growing faster than the other,
the plant begins to bend.

TABLE 8.1: Types of Tropisms
Name
Phototropism
Gravitropism
Thigmotropism

Stimulus
Light
Gravity
Touch
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Phototropism

You might have noticed that plants bend toward the light. This is an example of a tropism where light is the stimulus,
known as phototropism ( Figure 8.14). To obtain more light for photosynthesis, leaves and stems grow toward the
light. On the other hand, roots grow away from light. This is beneficial for the roots, because they need to obtain
water and nutrients from deep within the ground.

FIGURE 8.14
These seedlings bending toward the sun
are displaying phototropism.

Gravitropism

So, how do the roots of seeds underground know to grow downward? How do the roots deep in the soil know which
way is up? Gravitropism is a growth toward or away from the pull of gravity ( Figure 8.15). Shoots, the new
growth of a plant, also show a gravitropism, but in the opposite direction. If you place a plant on its side, the stem
and new leaves will curve upward.

FIGURE 8.15
This shoot is exhibiting gravitropism: it is
growing against the pull of gravity.
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Thigmotropism

Plants also have a touch response called thigmotropism. If you have ever seen a morning glory or the tendrils of a
pea plant twist around a pole, then you know that plants must be able to sense the pole. Thigmotropism works much
like the other tropisms. The plant grows straight until it comes in contact with the pole. Then, the side of the stem
that is in contact with the pole grows slower than the opposite side of the stem. This causes the stem to bend around
the pole.
Summary

• Tropisms are growth toward or away from a stimulus.
• Types of tropisms include gravitropism (gravity), phototropism (light), and thigmotropism (touch).
Explore More

Use the resource below to answer the questions that follow.
• Phototropism and Auxin at http://www.youtube.com/watch?v=4-2DZo2ppAY (2:13)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57436

1. Explain how scientists determined that the signal for phototropism was occurring in the growing tip of a plant?
2. Explain how scientists determined the signal for phototropism migrated up and down a plant shoot but did not
move across the plant shoot?
3. How did an agar block help scientists determine that some substance moving through the plant was responsible
for the phototropic response?
4. What hormone causes the phototropic response to light?
Review

1.
2.
3.
4.

What is a tropism?
If you tip a plant on its side, what will happen? Why?
The tendril of a bean meets a metal pole. What will happen to the tendril? Why?
Why do leaves and stems grow towards light?
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9.1 Animals
Introduction

There is great variation among species that are called animals. You can see some of the variation in photographs below. Despite this variation, there are a number of traits that are shared by all animals. What traits do all animals
share? Read on to find out.

FIGURE 9.1
Diversity of the Animal Kingdom: (left to right) jellyfish, worm, snail, beetle, gorilla, and snake.

Basic Animal Traits

Animals are multicellular eukaryotes (they have a nucleus in their cells). All animals are heterotrophs. They eat
other living things because they can’t make their own food. All animals also have specialized cells that can do
different jobs. Most animals have higher levels of organization as well. They may have specialized tissues, organs,
and even organ systems. Having higher levels of organization allows animals to perform many complex functions.
For a visual introduction to what makes a living thing an animal, watch this short video: https://www.youtube.com/
watch?v=DXPhJUHooP8
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/137106

Specialized Cells

Like the cells of all eukaryotes, animal cells have a nucleus and other membrane-bound organelles. Unlike the cells
of eukaryotes in the Plant and Fungus Kingdoms, animal cells lack a cell wall. This gives animal cells flexibility and
lets them take on different shapes. This in turn allows them to become specialized for particular jobs.
The human nerve cell in below is a good example of a specialized animal cell. Its shape suits it for its function of
sending nerve signals to other cells. A nerve cell could not take this shape if it were surrounded by a rigid cell wall.

FIGURE 9.2
Human nerve cell

What Animals Can Do

With their specialized cells and higher levels of organization, animals can do several things that other eukaryotes
cannot.
• Animals can detect and quickly respond to a variety of stimuli. They have specialized nerve cells that can
detect light, sound, touch, or other stimuli. Most animals also have a nervous system that can direct the body
to respond to the stimuli.
• All animals can move, at least during some stage of their life cycle. Specialized muscle and nerve tissues work
together to allow movement. Being able to move lets animals actively search for food and mates. It also helps
them escape from predators and other dangers.
• Virtually all animals have internal digestion of food. Animals consume other organisms and may use special
tissues and organs to digest them. (Other heterotrophs, such as fungi, absorb nutrients directly from the
environment.)
The Animal Kingdom is one of four kingdoms in the Eukarya Domain. The Animal Kingdom, in turn, is divided
into almost 40 phyla. The table below lists the 9 animal phyla that contain the largest numbers of species. Each
phylum in the table has at least 10,000 species.
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TABLE 9.1: Major Phyla of the Animal Kingdom
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Phylum
Porifera

Animals It Includes
sponges

Cnidaria

jellyfish, corals

Platyhelminthes

flatworms, tapeworms, flukes

Nematoda

roundworms

Mollusca

snails, clams, squids

Annelida

earthworms, leeches, marine worms
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TABLE 9.1: (continued)
Phylum
Arthropoda

Animals It Includes
insects, spiders, crustaceans, centipedes

Echinodermata

sea stars, sea urchins, sand dollars,
sea cucumbers

Chordata

tunicates, lancelets, fish, amphibians, reptiles, birds, mammals

One basic way to divide animals is between invertebrates and vertebrates.
• Invertebrates are animals that lack a vertebral column, or backbone. All the phyla in table above, except
the Phylum Chordata, consist only of invertebrates. Even the Phylum Chordata includes some invertebrate
groups. Invertebrates make up about 95 percent of all animal species.
• Vertebrates are animals that have a backbone. All of them are placed in the Phylum Chordata. Modern
vertebrates include fish, amphibians, reptiles, birds, and mammals. Only about 5 percent of animal species are
vertebrates.
Lesson Summary

• Animals are multicellular eukaryotic organisms. They are heterotrophic, meaning that they consume other
organisms. Animals have specialized cells and often higher levels of organization. This allows them to do
things that other eukaryotic organisms cannot, such as move and digest food internally.
• The Animal Kingdom is one of four kingdoms in the Eukarya Domain. The Animal Kingdom, in turn, is
divided into almost 40 modern phyla. The Animal Kingdom can also be divided into two basic groups:
invertebrates and vertebrates. Most animal species are invertebrates, which lack a backbone.
Lesson Vocabulary

•
•
•
•
•
•

animal
heterotroph
invertebrate
larva (larvae, plural)
vertebral column
vertebrate
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Lesson Review Questions

Recall
1. What are animals?
2. What can animals do that other eukaryotic organisms cannot do?
Apply Concepts
3. Assume you must classify a mystery organism. What questions could you ask about the organism that would help
you decide whether it is an animal?
Think Critically
4. Explain why animals can develop specialized cells.
5. Compare and contrast invertebrates and vertebrates.
Points to Consider
The first animal trait to evolve was the presence of multiple cells.
6. How do you think this trait might have evolved?
7. Why do you think this trait became an adaptation?
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9.2 Animal Characteristics
• Draw an animal cell and label significant structures.
• Identify characteristics common to all animals.
• Describe the basic animal life cycle.

Is an insect an animal?
Of course it is. Is a snail an insect? No, snails are mollusks. Notice the large "foot" that allows movement, and the
antennas are obvious. Actually, a snail’s eyes are on the two long projections on its head, and the projections are
called eyestalks. These are characteristics of this animal.
Characteristics of Animals

Animals are a kingdom of multicellular eukaryotes. They cannot make their own food. Instead, they get nutrients
by eating other living things. Therefore, animals are heterotrophs.
Animal Cells

Like the cells of all eukaryotes, animal cells have a nucleus and other membrane-bound organelles (see Figure 9.3).
Unlike the cells of plants and fungi, animal cells lack a cell wall. This gives animal cells flexibility. It lets them take
on different shapes so they can become specialized to do particular jobs. The human nerve cell shown in Figure
9.4 is a good example. Its shape suits its function of transmitting nerve impulses over long distances. A nerve cell
would be unable to take this shape if it were surrounded by a rigid cell wall.
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FIGURE 9.3
Animal Cell. The shape of an animal cell
is not constrained by a rigid cell wall. A
bacterial cell is shown above for comparison.

Animal Structure and Function

Animals not only have specialized cells. Most animals also have tissues and organs. In many animals, organs form
organ systems, such as a nervous system. Higher levels of organization allow animals to perform many complex
functions. What can animals do that most other living things cannot? Most animals share these characteristics:
sensory organs, movement, and internal digestion. All of them are illustrated in Figure 9.5.
• Animals can detect environmental stimuli, such as light, sound, and touch. Stimuli are detected by sensory
nerve cells. The information is transmitted and processed by the nervous system. The nervous system, in turn,
may direct the body to respond. Animal Eyes at http://www.surenmanvelyan.com/eyes/animal-eyes/ has 26
images of the eyes of various animals.
• All animals can move, at least during some stage of their life cycle. Muscles and nerves work together to allow
movement. Being able to move lets animals actively search for food and mates. It also helps them escape from
predators.
• Virtually all animals have internal digestion of food. Animals consume other organisms and may use special
tissues and organs to digest them. (Many other organisms absorb nutrients directly from the environment.)

Animal Life Cycle and Reproduction

Many animals have a relatively simple life cycle. A general animal life cycle is shown in Figure 9.6. Most animals
spend the majority of their life as diploid organisms. Just about all animals reproduce sexually. Diploid adults
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FIGURE 9.4
Human Nerve Cell. A human nerve cell
is specialized to transmit nerve impulses.
How do you think the cell’s shape helps it
perform this function?

undergo meiosis to produce sperm or eggs. Fertilization occurs when a sperm and an egg fuse. The zygote that
forms develops into an embryo. The embryo eventually develops into an adult.
Summary

• Animals are multicellular eukaryotes that lack cell walls.
• All animals are heterotrophs.
• Animals have sensory organs, the ability to move, and internal digestion. They also have sexual reproduction.
Explore More
Explore More I

Use these resources to answer the questions that follow.
• http://www.hippocampus.org/Biology → Non-Majors Biology → Search: Animals
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FIGURE 9.5
Most animals share these characteristics:
sensory organs, movement, and internal
digestion.

FIGURE 9.6
Animal Life Cycle. An animal life cycle
that includes only sexual reproduction is
shown here. Some animals also reproduce asexually.

How does the animal

life cycle compare with the life cycle of a
plant?
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1. Animals evolved from what other group of organisms?
2. What are 4 traits shared by all animals?
3. What are germ layers? What is the mesoderm?
Explore More II

• Organism Needs at http://player.discoveryeducation.com/views/hhView.cfm?guidAssetId=f0d4b88e-314a-4e5b
-9c76-4d2d1f85ddd4 .
Review

1. Identify traits that characterize all animals.
2. State one way that animal cells differ from the cells of plants and fungi. What is the significance of this
difference?
3. Describe animal digestion.
4. Describe a general animal life cycle.
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9.3 Animal Phyla
• Give an overview of animal classification.
• Give examples of animals in the major animal phyla.
• Define vertebrate and invertebrate.

Plant or animal?
Animal. What type? Now that is a good question. This azure vase sponge is an animal, but how is it classified? It
is estimated that there are easily over a million species of animals on Earth. How are all these species divided into
their various classifications?
Classification of Animals

All animals share basic traits. But animals also show a lot of diversity. They range from simple sponges to complex
humans.
Major Animal Phyla

Members of the animal kingdom are divided into more than 30 phyla. Table 9.2 lists the nine phyla with the greatest
number of species. Each of the animal phyla listed in the table has at least 10,000 species.

TABLE 9.2: Major Phyla of the Animal Kingdom
Picture
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TABLE 9.2: (continued)
Picture

Phylum
Porifera

Animals Included
sponges

Cnidaria

jellyfish, corals

Platyhelminthes

flatworms,
flukes

Nematoda

roundworms

Mollusca

snails, clams, squids

tapeworms,

Characteristics Included
asymmetrical (no symmetry)
filter feeders (water flows
through body and food is
filtered out
spicules provide support
like a skeleton
no true tissue or organs
sessile (do not typically
move)
asexual
reproduction
(budding) and sexual
reproduction
radial symmetry
nematocysts
(stinging
cells)
polyp form have tubelike bodies and are sessile
(non-mobile)
medusa form are free
swimming
asexual
reproduction
(budding) and sexual
reproduction
unsegmented bodies
bilateral symmetry
two-way gut
flattened body
asexual reproduction by
fission and sexual reproduction
basic body cavity
bilateral symmetry
no segments
mouth opening to simple
digestive system

bilateral symmetry
one-way gut
movement by middle
muscle:
cephalopod
(head foot), gastropod
(stomach foot), bivalves
(sessile)
many have a mantle for
protection
sexual reproduction
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TABLE 9.2: (continued)
Picture

Phylum
Annelida

Animals Included
earthworms, leeches, marine worms

Characteristics Included
bilateral symmetry
segmented bodies
one-way gut
may be mobile or sessile
sexual reproduction

Arthropoda

insects,
spiders,
crustaceans, centipedes

Echinodermata

sea stars, sea urchins,
sand dollars, sea cucumbers

bilateral symmetry
body divided into three
different segments
jointed legs
exoskeleton
one-way gut
sexual reproduction
"spiny skin"
marine life
radial symmetry
water vascular system
asexual reproduction (regeneration) and sexual reproduction

Chordata

tunicates, lancelets, fish,
amphibians,
reptiles,
birds, mammals

notocord
hollow dorsal nerve cord
pharyngeal pouches

Invertebrate vs. Vertebrate

The first eight phyla listed in Table 9.2 include only invertebrate animals. Invertebrates are animals that lack
a vertebral column, or backbone. The last phylum in the table, the Chordata, also includes many invertebrate
species. Tunicates and lancelets are both invertebrates. Altogether, invertebrates make up at least 95 percent of
all animal species. The remaining animals are vertebrates. Vertebrates are animals that have a backbone. All
vertebrates belong to the phylum Chordata. They include fish, amphibians, reptiles, birds, and mammals.
Summary

• Vertebrates have a backbone, but invertebrates do not.
• Except for the chordates, all animal phyla consist only of invertebrates.
• Chordates include both vertebrates and invertebrates.
Vocabulary

• invertebrate
• vertable column or backbone
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vertebrate
chordate/chordata
Porifera
Cnidaria
Platyhelminthes
Nematode
Mollusca
Annelida
Arthropoda
Echinodermata

Explore More

Use this resource to answer the questions that follow.
Review

1. State how the phylum Chordata differs from other animal phyla.
2. Compare and contrast invertebrates and vertebrates.
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9.4 Cnidarians
•
•
•
•

Describe the key features of the cnidarians.
Define nematocyst.
Distinguish between a polyp and a medusa body plan.
Describe cnidarian colonies.

Are corals animal, plant, or mineral?
Some corals may look like rocks. But they are alive! And some corals may look like plants, but they are actually
animals. Just like all other animals, they eat food to get energy.
Cnidarians

Cnidarians, in the phylum Cnidaria, include organisms such as the jellyfish, corals, and sea anemones. These
animals are found in shallow ocean water. You might know that these animals can give you a painful sting if you
step on them. That’s because cnidarians have stinging cells known as nematocysts. Cnidarians use nematocysts
to catch their food. When touched, the nematocysts release a thread of poison that can be used to paralyze prey.
Cnidarians are among the simplest of the so-called "higher" organisms, but are also among the most beautiful.
Body plan

The body plan of cnidarians is unique because these organisms show radial symmetry. This means that they have a
circular body plan, and any cut through the center of the animal leaves two equal halves.
The cnidarians have two basic body forms:
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1. Polyp: The polyp is a cup-shaped body with the mouth facing upward, such as a sea anemone and coral.
2. Medusa: The medusa is a bell-shaped body with the mouth and tentacles facing downward, such as a jellyfish.
Unlike the sponges, the cnidarians are made up of true tissues. The inside of a cnidarian is called the gastrovascular
cavity, a large space that helps the organism digest and move nutrients around the body. The cnidarians also have
nerve tissue organized into a net-like structure, known as a nerve-net. Cnidarians do not have true organs, however.
Reproduction is by asexual budding (polyps) or sexual formation of gametes (medusae, some polyps). The result of
sexual reproduction is a larva, which can swim on its own.
Cnidarian Colonies

Some types of cnidarians are also known to form colonies. Two examples are described below.
1. The Portuguese Man o’ War ( Figure 9.7) looks like a single organism but is actually a colony of polyps. One
polyp is filled with air to help the colony float, while several feeding polyps hang below with tentacles. The
tentacles are full of nematocysts. The Portuguese Man o’ War is known to cause extremely painful stings to
swimmers and surfers who accidentally brush up against it in the water.

FIGURE 9.7
The Portuguese Man o’ War can deliver nasty stings with its tentacles.

2. Coral reefs ( Figure 9.8) look like big rocks, but they are actually alive. They are built from cnidarians called
corals. The corals are sessile polyps that can use their tentacles to feed on ocean creatures that pass by. Their
skeletons are made up of calcium carbonate, which is also known as limestone. Over long periods of time,
their skeletons build on each other to produce large structures known as coral reefs. Coral reefs are important
habitats for many different types of ocean life.

Vocabulary

• cnidarians: Invertebrate animals including jellyfish and corals; they are characterized by radial symmetry and
stinging cells called nematocysts.
• gastrovascular cavity: Internal space that is the site of digestion and distribution of nutrients.
• medusa: Bell-shaped body plan of some Cnidarians with mouth and tentacles facing downward.
• nematocyst: Stinging cells characteristic of the Cnidarians.
• polyp: Cup-shaped body plan of some Cnidarians with mouth and tentacles facing upward.
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FIGURE 9.8
Corals are colonial cnidarians.

Summary

• Cnidarians have radial symmetry and true tissues.
• Some cnidarians form colonies, such as corals.

Explore More

Use the resource below to answer the questions that follow.

Explore More I

• Cnidarians: Life on the Move at http://vimeo.com/37267733 (14:44)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57274

1.
2.
3.
4.

How do cnidarians move?
Why was movement a useful innovation for cnidarians?
What is a nematocyst? For what purpose(s) are they used?
What allowed cnidarians to swim the world’s oceans?

Explore More II

• Cnidarians: Moon Jelly Life Cycle at http://vimeo.com/40232821 (3:15)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57275

1. How do polyps differ from medusas?
2. Describe the mating of moon jellies.
Review

1.
2.
3.
4.

What are three examples of cnidarians?
What is an nematocyst? What does it do?
Distinguish between the two body plans of a cnidarian.
How is a jellyfish different from a Portuguese Man o’ War?
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9.5 Echinoderms
•
•
•
•
•

Give examples of echinoderms.
Discuss the major features of echinoderms.
Define radial symmetry.
Describe the water vascular system.
Summarize eating in echinoderms.

What is a sea cucumber?
A sea cucumber is not a vegetable! It is an invertebrate animal found in the ocean. Note the spines on this sea
cucumber. The spines are a key feature of echinoderms.
What are Echinoderms?

You’re probably familiar with starfish and sand dollars ( Figure 9.9). They are both echinoderms. Sea urchins
and sea cucumbers are also echinoderms. What’s similar between these three organisms? They all have radial
symmetry. This means that the body is arranged around a central point.
Echinoderms belong to the phylum Echinodermata. This phylum includes 7,000 living species. It is the largest
animal phylum without freshwater or land-living members.

Characteristics of Echinoderms

As mentioned earlier, echinoderms show radial symmetry. Other key echinoderm features include an internal
skeleton and spines, as well as a few organs and organ systems. Although echinoderms look like they have a
hard exterior, they do not have an external skeleton. Instead, a thin outer skin covers an internal skeleton made of
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FIGURE 9.9
A starfish (left) and a keyhole sand dollar
(right), showing the radial symmetry characteristic of the echinoderms. Starfish are
also known as sea stars.

FIGURE 9.10
Another echinoderm, a sea urchin (Echinus esculentus), showing its spines.

tiny plates and spines. This provides rigid support. Some groups of echinoderms, such as sea urchins ( Figure 9.10),
have spines that protect the organism. Sea cucumbers use these spines to help them move.
Echinoderms have a unique water vascular system. This network of fluid-filled tubes helps them to breathe, eat,
and move. Therefore, they can function without gill slits. Echinoderms also have a very simple digestive system,
circulatory system, and nervous system. The digestive system often leads directly from the mouth to the anus. The
echinoderms have an open circulatory system, meaning that fluid moves freely in the body cavity. But echinoderms
have no heart. The echinoderm nervous system is a nerve net, or interconnected neurons with no central brain.
Many echinoderms have amazing powers of regeneration. For example, some sea stars are capable of regenerating
lost arms. In some cases, lost arms have been observed to regenerate a second complete sea star! Sea cucumbers
often release parts of their internal organs if they perceive danger. The released organs and tissues are then quickly
regenerated.
How do Echinoderms Eat?

Feeding strategies vary greatly among the different groups of echinoderms. There’s no one food or technique that’s
shared by all echinoderms. Different eating-methods include:
1. Passive filter-feeders, which are organisms that absorb suspended nutrients from passing water. Some echinoderms use their long arms to capture food particles floating past in the currents.
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2. Grazers, such as sea urchins, are organisms that feed on available plants. Sea urchins are omnivorous, eating
both plant and animals. The sea urchin mainly feeds on algae on the coral and rocks, along with decomposing
matter such as dead fish, mussels, sponges, and barnacles.
3. Deposit feeders, which are organisms that feed on small pieces of organic matter, usually in the top layer of
soil. Sea cucumbers are deposit feeders, living on the ocean floor. They eat the tiny scrap particles that are
usually abundant in the environments that they inhabit.
4. Active hunters, which are organisms that actively hunt their prey. Many sea stars are predators, feeding on
mollusks like clams by prying apart their shells and actually placing their stomach inside the mollusk shell to
digest the meat.
How do Echinoderms Reproduce?

Echinoderms reproduce sexually. In most echinoderms, eggs and sperm cells are released into open water, and
fertilization takes place when the eggs and sperm meet. This is called external fertilization. The release of sperm
and eggs often occurs when organisms are in the same place at the same time. Internal fertilization takes place in
only a few species. Some species even take care of their offspring, like parents!
Vocabulary

• echinoderm: Invertebrate, such as a sea star or a sand dollar, that is characterized by a spiny endoskeleton,
radial symmetry as adults, and a water vascular system.
• nerve net: Interconnected neurons with no central brain.
• radial symmetry: Symmetry of a body plan in which there are no head or rear ends, so the body can be
divided into two identical halves at any point, like a pie.
• sea urchin: Echinoderm with a round, soft body enclosed in a shell covered with long spines.
• water vascular system: A network of fluid-filled tubes found in echinoderms.
Summary

• Echinoderms show radial symmetry and have an endoskeleton and a unique water vascular system. Some have
spines.
• Echinoderms generally reproduce by external fertilization; regeneration is fairly common among echinoderms.
Explore More

Use the resource below to answer the questions that follow.
• Echinoderms: The Ultimate Animal at http://vimeo.com/37295088 (13:54)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57297

1. What can sea star muscles do that our muscles cannot? How would this trait help sea stars living in the
intertidal zone?
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How are deep-sea sea cucumbers like earthworms?
Why are brittle stars often found with their arms raised in the water current?
What organ system do echinoderms possess that is not seen in any other animal group?
Where do sea stars have their "eyes"? How does this arrangement help them coordinate movement?
Some sea stars evert their stomachs to digest their prey, but Pycnopodia can do something else as well. What
does Pycnopodia do to some of its prey?

Review

1.
2.
3.
4.
5.

List three examples of echinoderms.
What is radial symmetry?
What are two important characteristics of echinoderms (other than radial symmetry)?
How do sea urchins eat?
Give an example of an echinoderm that is an active hunter.
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9.6 Annelids-Segmented Worms
• Describe the major features of the segmented worms.
• Compare flatworms, roundworms, and segmented worms.

Does an earthworm have a brain?
Just like you, earthworms do have a brain. Their brains are much simpler than yours, however. Earthworms’ brains
allow them to sense and respond to light and touch.
Segmented Worms

When you think of worms, you probably picture earthworms. There are actually many types of worms, including
flatworms, roundworms, and segmented worms. Earthworms are segmented worms.
Segmented worms are in the phylum Annelida, which has over 22,000 known species. These worms are known as
the segmented worms because their bodies are segmented, or separated into repeating units. Besides the earthworm,
the segmented worms also include leeches and some marine worms. Most segmented worms like the earthworm,
feed on dead organic matter. Leeches (see figure below), however, can live in fresh water and suck blood from their
animal host. You may have noticed many earthworms in soil. Earthworms support terrestrial ecosystems both as
prey and by aerating and enriching soil.
Features of Segmented Worms

Segmented worms have a number of characteristic features.
1. The basic form consists of multiple segments, each of which has the same sets of organs and, in most a pair
of parapodia that many species use for locomotion.
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FIGURE 9.11
Leeches are parasitic worms. Notice the
presence of segments.

2. Segmented worms have a well-developed body cavity filled with fluid. This fluid-filled cavity serves as a
hydroskeleton, a supportive structure that helps move the worm’s muscles.
3. Segmented worms also tend to have organ systems that are more developed than the roundworms’ or flatworms’. Earthworms, for example, have a complete digestive tract with two openings, as well as an esophagus
and intestines. The circulatory system consists of paired hearts and blood vessels. Actually there are five pairs
of hearts that pump blood along the two main vessels. And the nervous system consists of the brain and a
ventral nerve cord.

Vocabulary

•
•
•
•

leech: Segmented worm that feeds on the blood of animals.
parapodia: Paired, un-jointed lateral outgrowths used for locomotion.
segmented worm: Worm with a body plan of repeating segments.
hydroskeleton: fluid-filled cavity used as support for contracting muscles.

Summary

• Segmented worms include the common earthworm and leeches.
• Segmented worms have a digestive system, nervous system, and circulatory system.

Explore More

Use the resources below to answer the questions that follow.

Explore More I

• Annelids: Powerful and Capable Worms at http://vimeo.com/37255842 (13:38)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57286

1.
2.
3.
4.
5.

What new realms did animals like Abarenicola open up for other animals?
Where are the eyes of feather duster worms (Sabellidae) located?
What effect do tube dwelling worms have on mudflat ecosystems?
How much can a giant tube dwelling worm from a hydrothermal vent grow in a year?
How do earthworms help breakdown leaf litter?

Explore More II

• The Leech - Discovery Kids at http://kids.discovery.com/home/the-leech
1. What are some ways a doctor might use a leech?
2. Do leeches eat often?
Review

1. What features distinguish Phylum Annelida from the other worms?
2. Describe the skeletal system of the segmented worms.
3. Describe the circulatory system and nervous system of the earthworm.
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9.7 Arthropods
• Give examples of arthropods.
• Describe the characteristics of the arthropods.
• Describe adaptations of land-living arthropods.

What does this lobster have in common with a wasp?
You might notice that their bodies have segments. And they both have a hard outer layer. Because they share these
and other features, they are both classified as arthropods.
What are Arthropods?

How often do you think you see an arthropod? Well, have you ever looked up close at an ant? A spider? A fly? A
moth? With over a million described species (and many more yet to be described) in the phylum containing arthropods, chances are, you encounter one of these organisms every day, without even leaving your house. Arthropods
are a very diverse group of animals. In fact, they are the biggest group of animals on the planet, with upwards of 5
million distinct species.
Types of Arthropods

Arthropods belong to the phylum Arthropoda, which means “jointed feet,” and includes four living subphyla.
• Chelicerata, which includes spiders (Figure below), mites, and scorpions. In these animals, the first pair of
appendages are often modified as fangs or pincers, and are used to manipulate food.
• Myriapoda, which includes centipedes and millipedes. All of these animals live on land, and can have
anywhere from ten to nearly 200 pairs of appendages.
• Hexapoda, which includes the insects. These animals dominate the land. All hexapods have three pairs of
walking appendages.
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• Crustacea, which includes lobsters, crabs, barnacles, crayfish, and shrimp. These animals dominate the ocean,
and usually have a set of anterior appendages that are modified as mandibles, which function in grasping,
biting, and chewing food.

FIGURE 9.12
Spiders are one type of arthropod.

Characteristics of Arthropods

Characteristics of arthropods include:
1. A segmented body (Figure below) with a head, a thorax, and abdomen segments.
2. Appendages on at least one segment. They can be used for feeding, sensory reception, defense, and locomotion.
3. A nervous system.
4. A hard exoskeleton made of chitin, which gives them physical protection and resistance to drying out. In order
to grow, arthropods shed this covering in a process called molting.
5. An open circulatory system with hemolymph, a blood-like fluid. A series of hearts move the hemolymph into
the body cavity where it comes in direct contact with the tissues.
6. A complete digestive system with a mouth and an anus.
7. Aquatic arthropods use gills to exchange gases. These gills have a large surface area in contact with the water,
so they can absorb more oxygen.
8. Land-living arthropods have internal surfaces that help exchange gasses. Insects and most other terrestrial
species have a tracheal system, where air sacs lead into the body from pores in the exoskeleton. Others use
book lungs, gills modified for breathing air, as seen in species like the coconut crab. Some areas of the legs of
soldier crabs are covered with an oxygen absorbing skin. Land crabs sometimes have two different structures:
one used for breathing underwater, and another used to absorb oxygen from the air.

Vocabulary

• arthropods: Invertebrate animals with jointed limbs, a segmented body, and an exoskeleton made of chitin.
• hemolymph: Blood-like circulatory fluid of some invertebrates.
• molting: Shedding of the old shell to make way for a new growth.
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FIGURE 9.13
The blue American lobster illustrates the
segmented body plan of the arthropods.

Summary

• The arthropods include four living subphyla: chelicerates, including spiders, mites, and scorpions; myriapods,
including centipedes and millipedes; hexapods, including insects; and crustaceans.
• Arthropods are characterized by a segmented body, a hard exoskeleton, and appendages used for feeding,
sensory structures, defense, and locomotion.
Explore More

Use the resources below to answer the questions that follow.
Explore More I

• Marine Arthropods: A Successful Design at http://vimeo.com/37289745 (9:28)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57284

1.
2.
3.
4.

Why are jointed limbs significant for Arthropods?
How are appendage adaptations and segmentations key to the success of Arthropods as a group?
Soft shell crabs are delicacies in some restaurants. Where do soft shell crabs come from?
What aspect of horseshoe crabs’ behavior do scientists feel gives clues to why Arthropods first left the ocean?

Explore More II

• Arthropod at http://animal.discovery.com/animal-facts/arthropod-info.htm
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1. What are five examples of arthropods?
2. How do arthropods affect people? Give three examples.
Review

1.
2.
3.
4.
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What are three examples of arthropods?
What are three distinguishing features of the arthropods?
Describe the arthropod circulatory system.
Describe how insects obtain oxygen.
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9.8 Mollusks
• Define mollusk.
• Discuss characteristics of mollusks.
• Describe the mantle and radula.

What does this snail have in common with a clam?
You might notice that both have a shell. That is one feature of the group they both belong to, the mollusks. Mollusks
are a very diverse group. They include animals that live on land and in the ocean. With well over 100,000 species,
there can be a lot of shells.

What are Mollusks?

When you take a walk along a beach, what do you find there? Sand, the ocean, lots of sunlight. You may also find
shells. The shells you find are most likely left by organisms in the phylum Mollusca. On the beach, you can find the
shells of many different mollusks (Figure below), including clams, mussels, scallops, oysters, and snails. Mollusks
are invertebrates that usually have a hard shell, a mantle, and a radula. Their glossy pearls, mother of pearl, and
abalone shells are like pieces of jewelry. Some mollusks, such as squid and octopus, do not have shells.
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FIGURE 9.14
On the beach, you can find a wide variety
of mollusk shells.

Features of the Mollusk

The Mollusk’s body is often divided into different parts (Figure below):
1. A head with eyes or tentacles.
2. In most species, a muscular foot, which helps the mollusk move. Some mollusks use the foot for burrowing
into the sand, and others use it for jet-propulsion.
3. A mantle, or fold of the outer skin lining the shell. The mantle often releases calcium carbonate, which
creates an external shell, just like the ones you find on the beach. The shell is also made of chitin, a tough,
semitransparent substance.
4. A mass housing the organs.
5. A complete digestive tract that begins at the mouth and runs to the anus.
6. Most ocean mollusks have a gill or gills to absorb oxygen from the water.
7. Many species have a feeding structure, the radula, found only in mollusks. The radula can be thought of as a
"tongue-like" structure. The radula is made mostly of chitin. Types of radulae range from structures used to
scrape algae off of rocks to the beaks of squid and octopuses.

FIGURE 9.15
This is the basic body plan of a mollusk.
Note the mantle, gills, and radula. Keep in
mind the basic body plan can differ slightly
among the mollusks.
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Evolution of Mollusks

Mollusks are probably most closely related to organisms in the phylum Annelida, also known as segmented worms.
This phylum includes the earthworm and leech. Scientists believe these two groups are related because, when they
are in the early stage of development, they look very similar. Unlike segmented worms, however, mollusks do not
have body segmentation. The basic mollusk body shape is usually quite different as well.
Vocabulary

•
•
•
•

chitin: Tough carbohydrate found in the shells of animals and cell walls of fungi.
mantle: Fold of the outer skin, which secretes the external shell in some mollusks.
mollusk: Invertebrate that usually has a hard shell, a mantle, and a radula.
radula: Feeding organ found in mollusks with teeth made of chitin.

Summary

• The mollusk body often has a head with tentacles, a muscular foot, a feeding organ called the radula, and a
complete digestive tract.
• Mollusks have a mantle, which often secretes an external shell.
• Mollusks are most closely related to segmented worms.
Explore More

Use the resource below to answer the questions that follow.
• Molluscs: The Survival Game at http://vimeo.com/37325960 (15:08)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57277

1.
2.
3.
4.
5.

How does the shell of the leafy hornmouth (Ceratostoma foliatum) help it against crushing predators?
For what purpose do cockles use their foot?
How and why do the radula of different mollusks vary?
For what purpose has the nautilus adapted its foot?
What change in predatory fish behavior seems to have led to a squid body plan being advantageous over a
nautiliod body plan?

Review

1.
2.
3.
4.

What is a mollusk?
Give three examples of mollusks.
Describe three main characteristics of mollusks?
What evidence shows that mollusks and segmented worms are related? How are they different?
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9.9 Chordates
•
•
•
•

Define chordate.
Explain the importance of the notochord.
Describe the features of the chordates.
Outline the classification of chordates.

What do these two animals have in common with you?
Notice the orange fish. Around him is another type of animal, a tunicate, in blue. Tunicates, fish, and humans seem
very different from one another, but they do have some things in common. They are all chordates.
Chordates

Did you know that fish, amphibians, reptiles, birds, and mammals are all related? They are all chordates. Chordates
are a group of animals that includes vertebrates, as well as several closely related invertebrates. Chordates (phylum
Chordata) are named after a feature they all share, a notochord. A notochord is a hollow nerve cord along the back.
Characteristics of the Chordates

Chordates are defined by a set of four characteristics that are shared by these animals at some point during their
development. In some chordates, all four traits are present in the adult animal and serve important functions.
However, in many chordates, including humans, some traits are present only during the embryonic stage. After
that, these traits may disappear.
All chordates have four main traits (Figure below):
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1. Post-anal tail: The tail is opposite the head and extends past the anus.
2. Dorsal hollow nerve cord: "Dorsal" means that the nerve cord runs along the top of the animal. In some
animals, the nerve cord develops into the brain and spinal cord.
3. Notochord: The notochord lies below the nerve cord. It is a rigid structure where muscles attach.
4. Pharyngeal slits: Pharyngeal slits are used to filter out food from water by some simple chordates. In most
chordates, however, they are only present during the embryonic stages and serve no apparent purpose.

FIGURE 9.16
Body Plan of a Typical Chordate.

The

body plan of a chordate includes a postanal tail, notochord, dorsal hollow nerve
cord, and pharyngeal slits.

Classification of the Chordates

The chordates are divided into nine classes. Five of the classes are the fish, amphibians, reptiles, birds, and mammals.
There are actually five classes of marine chordates (for example, sharks are cartilaginous fish which are distinct from
bony fish), and these will be discussed in additional concepts.
The chordate phylum is broken down into three subphyla:
1. Urochordata: The tunicates, pictured in the introduction, make up this group. The urochordates are sessile
(non-moving) marine animals with sack-like bodies and tubes for water movement. Urochordates have a
notochord and nerve cord only during the larval stage.
2. Cephalochordata: Cephalochordates include the lancelets (Figure below), fish-like marine animals often found
half-buried in the sand. Cephalochordates have a notochord and nerve cord but no backbone.
3. Vertebrata: Humans and other mammals, along with fish, amphibians, reptiles, and birds, fall in this category.
The notochord is typically smaller and surrounded by a backbone.
FIGURE 9.17
The lancelet, an example of a chordate, is
found in shallow ocean waters.

Vocabulary

• chordate: Animal with a notochord, dorsal hollow nerve cord, post-anal tail, and pharyngeal slits during at
least some stage of its life.
• dorsal hollow nerve cord: Hollow cord above the notochord; sometimes includes a brain and spinal cord.
• notochord: Support rod that runs along the back.
• pharyngeal slit: Organ that aids in filter-feeding.
• post-anal tail: Tail that is opposite the head and extends past the anus.
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Summary

• Chordates are animals that have a notochord, post-anal tail, dorsal hollow nerve cord, and pharyngeal slits.
• Chordates include all vertebrates and some invertebrates.
Explore More

Use the resource below to answer the questions that follow.
(Note: this resource refers to human embryos as having gill slits. This is a commonly held misconception which
seems to have originated in a now defunct theory by Ernst Haeckel. In the embryonic development of chordates,
there is a stage where an invagination, called "gill pouches" or "pharyngeal pouches," appear in vertebrate embryos.
This invagination does develop into gills in some species, but in other species the invagination develops into other
structures. So, while parallels in the development of chordates are accurate, it is misleading to say human embryos
have gill slits. You can find out more here http://www.angelfire.com/journal/Philsviews/Science/embryo.html .)
• Chordate Animation: Amphioxus to Vertebrate Body Plan at http://vimeo.com/37411858 (1:31)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57375

1.
2.
3.
4.

What does the nerve cord in Amphioxus do?
What is a notochord, and what characteristics does it give Amphioxus?
What signs of a notochord do we see in human beings (Homo sapiens)?
What is the relationship of the vertebrate backbone to the vertebrate skeleton?

Review

1.
2.
3.
4.
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What is the main common feature of all chordates?
Name three examples of chordates.
List three characteristics of chordates.
What is the dorsal hollow nerve cord?
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9.10 Cyclic Behavior of Animals
• Identify animal behaviors that occur in cycles.
• Explain hibernation and migration.
• Define circadian rhythms and biological clock.

What are these butterflies doing?
Monarch butterflies gather in large groups as they migrate 2,500 miles south each fall. They return to the north in
the spring. This migration is a cycle that repeats every year.

Cycles of Behavior

Many animal behaviors change in a regular way. They go through cycles. Some cycles of behavior repeat each year.
Other cycles of behavior repeat every day.

Yearly Cycles

An example of a behavior with a yearly cycle is hibernation. Hibernation is a state in which an animal’s body
processes are slower than usual, and its body temperature falls. An animal uses less energy than usual during
hibernation. This helps the animal survive during a time of year when food is scarce. Hibernation may last for
weeks or months. Animals that hibernate include species of bats, squirrels, and snakes.
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Most people think that bears hibernate. In fact, bears do not go into true hibernation. In the winter, they go into a
deep sleep. However, their body processes do not slow down very much. Their body temperature also remains about
the same as usual. Bears can be awakened easily from their winter sleep.
Another example of a behavior with a yearly cycle is migration. Migration is the movement of animals from one
place to another. Migration is an innate behavior that is triggered by changes in the environment. For example,
animals may migrate when the days get shorter in the fall. Migration is most common in birds, fish, and insects.
In the Northern Hemisphere, many species of birds, including robins and geese, travel south for the winter. They
migrate to areas where it is warmer and where there is more food. They return north in the spring. A flock of
migrating geese is pictured below ( Figure 9.18).

FIGURE 9.18
These geese are flying south for the winter. Flocks of geese migrate in V-shaped
formations.

Some animals migrate very long distances. The map shown below shows the migration route of a species of hawk
called Swainson’s hawk ( Figure 9.19). About how many miles do the hawks travel from start to finish? Are you
surprised that birds migrate that far? Some species of birds migrate even farther. Whales also are known to migrate
thousands of miles each year to take advantage of warmer waters in the winter months. The great migration of
millions of zebra, wildebeest and other antelope in East Africa also occurs yearly. Each year around 1.5 million
wildebeest and 300,000 zebra (along with other antelope) go in search of food and water, traveling a distance of
around 1800 miles.
Birds and other migrating animals follow the same routes each year. How do they know where to go? It depends on
the species. Some animals follow landmarks, such as rivers or coastlines. Other animals are guided by the position
of the sun, the usual direction of the wind, or other clues in the environment.

Daily Cycles

Many animal behaviors change at certain times of day, day after day. For example, most animals go to sleep when the
sun sets and wake up when the sun rises. Animals that are active during the daytime are called diurnal. Some animals
do the opposite. They sleep all day and are active during the night. These animals are called nocturnal. Examples of
nocturnal animals include bats, foxes, possums, skunks and coyotes. Many mammals (including humans), insects,
reptiles and birds are diurnal.
Animals may eat and drink at certain times of day as well. Humans have daily cycles of behavior, too. Most people
start to get sleepy after dark and have a hard time sleeping when it is light outside. Daily cycles of behavior are
called circadian rhythms.
In many species, including humans, circadian rhythms are controlled by a tiny structure called the biological clock.
This structure is located in a gland at the base of the brain. The biological clock sends signals to the body. The
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FIGURE 9.19
The migration route of Swainson’s hawk
starts in North America and ends in South
America.

Scientists learned their mi-

gration route by attaching tiny tracking
devices to the birds.

The birds were

then tracked by satellite. On the migration south, the hawks travel almost 5,000
miles from start to finish.

signals cause regular changes in behavior and body processes. The amount of light entering the eyes helps control
the biological clock. The clock causes changes that repeat every 24 hours.

Summary

• Yearly cycles of behavior include hibernation and migration.
• Daily cycles of behavior, including sleeping a waking, are called circadian rhythms.

Explore More

Use the resources below to answer the questions that follow.

Explore More I

• Red Knot Migration - Port Royal Sound at http://www.youtube.com/watch?v=P21xTCFrJbU (2:07)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57412

• Thousands of Red Knots migrate through New Jersey at http://www.youtube.com/watch?v=TE5EHoBWd
AA (2:55)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57413

1.
2.
3.
4.

How far do Red Knots (Calidris canutus) migrate each year?
Are Red Knots the only species of bird to use horseshoe crab (Limulus polyphemus) eggs as a resource?
What information do scientists collect from the red Knots? How do they use this information?
Why do scientists think Red Knot populations are declining? How is this connected to their extremely long
migration?

Explore More II

• Ocean Life - Vertical Migration Aggregation at http://www.youtube.com/watch?v=zVQd9pn8j6E (7:16)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57414

1. What is the largest migration of animals on the planet? When does this occur?
2. Why do animals undergo this migration? What types of organisms undergo this migration?
3. How does the timing of this migration vary throughout the year?
Review

1.
2.
3.
4.
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What are two examples of yearly cycles of behavior?
What is the difference between a nocturnal and a diurnal animal?
What is a circadian rhythm?
What controls circadian rhythms in humans? Explain how this process works.
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9.11 Population Behaviors
• Define social animals.
• Describe social behavior in animals.
• Explain and give examples of cooperation.

How are you social?
When you think about being social, do you think about hanging out and chatting with friends? Sending a text or
posting to Facebook? Humans socialize in many ways. Social behavior is not limited to humans, however. Many
animals are social.
Social Behavior

Why is animal communication important? Without it, animals would not be able to live together in groups. Animals
that live in groups with other members of their species are called social animals. Social animals include many
species of insects, birds, and mammals. Specific examples of social animals are ants, bees, crows, wolves, and
humans. To live together with one another, these animals must be able to share information.
Highly Social Animals

Some species of animals are very social. In these species, members of the group depend completely on one another.
Different animals within the group have different jobs. Therefore, group members must work together for the good
of all. Most species of ants and bees are highly social animals.
Ants live together in large groups called colonies ( Figure below). A colony may have millions of ants. All of the
ants in the colony work together as a single unit. Each ant has a specific job. Most of the ants are workers. Their job
is to build and repair the colony’s nest. Worker ants also leave the nest to find food for themselves and other colony
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members. The workers care for the young as well. Other ants in the colony are soldiers. They defend the colony
against predators. Each colony also has a queen. Her only job is to lay eggs. She may lay millions of eggs each
month. A few ants in the colony are called drones. They are the only male ants in the colony. Their job is to mate
with the queen.

FIGURE 9.20
The ants in this picture belong to the
same colony. They have left the colony’s
nest to search for food.

Honeybees and bumblebees also live in colonies ( Figure below). Each bee in the colony has a particular job. Most
of the bees are workers. Young worker bees clean the colony’s hive and feed the young. Older worker bees build
the waxy honeycomb or guard the hive. The oldest workers leave the hive to find food. Each colony usually has one
queen that lays eggs. The colony also has a small number of male drones. They mate with the queen.

FIGURE 9.21
All the honeybees in this colony work
together. Each bee has a certain job to
perform. Notice the queen to the left. She
is the largest bee in the colony.

Cooperation

Ants, bees, and other social animals must cooperate. Cooperation means working together with others. Members
of the group may cooperate by sharing food. They may also cooperate by defending each other. Look at the ants
pictured below ( Figure below). They show very clearly why cooperation is important. A single ant would not be
able to carry this large bee back to the nest to feed the other ants. With cooperation, the job is easy.
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FIGURE 9.22
These ants are cooperating. By working
together, they are able to move this much
larger insect prey back to their nest. At
the nest, they will share the bee with other
ants that do not leave the nest.

Animals in many other species cooperate. For example, lions live in groups called prides ( Figure below). All the
lions in the pride cooperate. Male lions work together to defend the other lions in the pride. Female lions work
together to hunt. Then, they share the meat with other pride members. Another example is meerkats. Meerkats are
small mammals that live in Africa. They also live in groups and cooperate with one another. For example, young
female meerkats act as babysitters. They take care of the baby meerkats while their parents are away looking for
food.

FIGURE 9.23
Members of this lion pride work together.
Males cooperate by defending the pride.
Females cooperate by hunting and sharing the food.

Summary

• Social animals, or animals that live in groups with other members of their species, include ants, bees, crows,
wolves, and humans.
• Social animals must cooperate (work together) with others.
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Explore More

Use the resource below to answer the questions that follow.
• Wolf Hunting Tactics at http://www.youtube.com/watch?v=2jXxtQRy47A (2:54)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57421

1. Observe the wolves (Canis lupus) in this video:
a. Do you think they are displaying learned behavior, innate behavior, or both? Explain your reasoning
fully.
b. As social animals, which behavior do you think is most important to them? Explain your reasoning.
c. Does your answer apply to all situations?
Review

1. What makes social animals unique?
2. Give three examples of social animals.
3. What is one example of how social animals cooperate?
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Introduction

What do you get when you take energy, resources, living populations and all the species and their relationships?
You get ecology. Understanding ecology is in part understanding the biology of our planet. And it can easily be
argued that this is especially important today. We literally hold the future of our planet in our hands. The lessons in
this concept discuss ecology, and all the related aspects that comprise our planet.
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10.1 Introduction to Ecology
• Define ecology.
• Compare field studies to laboratory studies.
• Distinguish between abiotic and biotic factors.

Do organisms live in isolation?
Are organisms separated from their environment or from other organisms? No, they interact in many ways with their
surroundings and with all the living organisms in those surroundings. For example, these deer may be drinking from
this stream or eating nearby plants. They are interacting with their environment. In this unit we will study these
interactions.
Introduction to Ecology

Life Science can be studied at many different levels. You can study small things like cells or big things like a group
of animals. You can study a puddle or the oceans of the world. Every biosphere, which is any area in which
organisms live, has it’s own ecology. Ecology is the study of how living organisms interact with each other and with
their environment.
Research in Ecology

Ecology involves many different science subjects, including Earth Science, Geography, Meteorology, Genetics,
Physics and Chemistry. You can also divide ecology into the study of different organisms, such as animal ecology,
plant ecology, insect ecology, and so on.
Ecologists also study biomes. A biome is a large community of plants and animals that live in the same place. For
example, ecologists can study the biomes as diverse as the Arctic, the tropics, or the desert ( Figure 10.1). They may
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want to know why different species live in different biomes. They may want to know what would make a particular
biome or ecosystem stable. Can you think of other aspects of a biome or ecosystem that ecologists could study?

FIGURE 10.1
An example of a biome, the Atacama
Desert, in Chile.

Ecologists do two types of research:
1. Field studies.
2. Laboratory studies.
Field studies involve collecting data outside in the natural world. An ecologist who completes a field study may
travel to a tropical rainforest to study, count, and classify all of the insects that live in a certain area. Laboratory
studies involve working inside, usually in a controlled environment. Sometimes, ecologists collect data from the
field, and then they analyze that data in the lab. Also, they use computer programs to predict what will happen to
organisms that live in a specific area. For example, they may make predictions about what happens to insects in the
rainforest after a fire.
Organisms and Environments

All organisms have the ability to grow and reproduce. To grow and reproduce, organisms must get materials and
energy from the environment. Plants obtain their energy from the sun through photosynthesis, whereas animals
obtain their energy from other organisms. Either way, these plants and animals, as well as the bacteria and fungi, are
constantly interacting with other species as well as the non-living parts of their ecosystem.
An organism’s environment includes two types of factors:
1. Abiotic factors are the parts of the environment that are not living, such as sunlight, climate, soil, water, and
air.
2. Biotic factors are the parts of the environment that are alive, or were alive and then died, such as plants,
animals, and their remains. Biotic factors also include bacteria, fungi and protists.
Ecology studies the interactions between biotic factors, such as organisms like plants and animals, and abiotic
factors. For example, all animals (biotic factors) breathe in oxygen (abiotic factor). All plants (biotic factor) absorb
carbon dioxide (abiotic factor) and need water (abiotic factor) to survive.
Can you think of another way that abiotic and biotic factors interact with each other?
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Vocabulary
Abiotic factors - the parts of the environment that are not living, such as sunlight, climate, soil, water and air
Biome - a large community of plants and animals that live in the same place
Biosphere - any area in which organisms live
Biotic factors - the parts of the environment that are alive, or were alive and then died, such as plants, animals,
and their remains. Biotic factors also include bacteria,fungi and protists
• Ecology - the study of how living organisms interact with each other and with their environment
•
•
•
•

Summary

• Ecology is the study of how living organisms interact with each other and with their environment.
• Abiotic factors are the parts of the environment that have never been alive, while biotic factors are the parts of
the environment that are alive, or were alive and then died.
Explore More

Use the resource below to answer the questions that follow.
• A Study in Stream Ecology at USGS http://gallery.usgs.gov/videos/449#.UKWeJId9KSo (6:57)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/117078

1.
2.
3.
4.

What are some of the abiotic factors that scientists monitor when dealing with stream ecosystems?
What are some of the biotic factors that scientists monitor when dealing with stream ecosystems?
What is a "benchmark" in ecology? Why are they essential?
How does water pollution seem to be affecting diversity in some streams?

Review

1. What do ecologists study?
2. In a forest, what are five biotic factors present? Five abiotic factors?
3. What is a biome? Give an example.
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10.2 Levels of Ecological Organization
• Define population, community, and biosphere.
• Describe the levels of organization in ecology.
• Explain the components of an ecosystem.

How is your school organized?
Your school is organized at several levels. Individual students and teachers are divided into classes. These classes
are organized into an entire middle school. Your middle school and other nearby schools are organized into a school
district. Just like schools are organized, ecosystems are also organized into several different levels, and an ecosystem
can be studied at any one of the various levels of organization.
Levels of Ecological Organization

Ecosystems can be studied at small levels or at large levels. The levels of organization are described below from the
smallest to the largest:
• A species is a group of individuals that are genetically related and can breed to produce fertile young.
Individuals are not members of the same species if their members cannot produce offspring that can also
have children. The second word in the two word name given to every organism is the species name. For
example, in Homo sapiens, sapiens is the species name.
• A population is a group of organisms belonging to the same species that live in the same area and interact
with one another.
• A community is all of the populations of different species that live in the same area and interact with one
another. A community is composed of all of the biotic factors of an area.
• An ecosystem includes the living organisms (all the populations) in an area and the non-living aspects of the
environment ( Figure 10.2). An ecosystem is made of the biotic and abiotic factors in an area.
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FIGURE 10.2
Satellite image of Australia’s Great Barrier
Reef, an example of a marine ecosystem.

• The biosphere is the part of the planet with living organisms ( Figure 10.3). The biosphere includes most of
Earth, including part of the oceans and the atmosphere.

FIGURE 10.3
The global biosphere, which includes all
areas that contain life, from the sea to the
atmosphere.

Ecologists study ecosystems at every level, from the individual organism to the whole ecosystem and biosphere.
They can ask different types of questions at each level. Examples of these questions are given in Table 10.1, using
the zebra (Equus zebra) as an example.

TABLE 10.1: Ecological Questions
Ecosystem Level
Individual
Population
Community
Ecosystem

Question
How do zebras keep water in their bodies?
What causes the growth of a zebra populations?
How does a disturbance, like a fire or predator, affect
the number of mammal species in African grasslands?
How does fire affect the amount of food available in
grassland ecosystems?
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TABLE 10.1: (continued)
Ecosystem Level
Biosphere

Question
How does carbon dioxide in the air affect global temperature?

Vocabulary
• Biosphere - the part of the planet with living organisms.
• Community - is all of the populations of different species that live in the same area and interact with one
another.
• Ecosystem - includes the living organisms (all the populations) in an area and the non-living aspects of the
environment.
• Population - a group of organisms belonging to the same species that live in the same area and interact with
one another.
• Species - a group of individuals that are genetically related and can breed to produce fertile young.
Summary
• Levels of organization in ecology include the population, community, ecosystem, and biosphere.
• An ecosystem is all the living things in an area interacting with all of the abiotic parts of the environment.
Explore More

Use the resource below to answer the questions that follow.
• Ecology Levels and Populations at http://www.youtube.com/watch?v=1JSS8XIYcgU (5:31)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57330

1. What is the relationship between an individual and a community?
2. What characteristics define a population?
3. Why is the distinction between a community and an ecosystem important to ecologists?
Review
1. What are the levels of Ecological Organization?
2. How does a population differ from a community?
3. Where on Earth do Biospheres NOT exist?
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10.3 Features of Populations
•
•
•
•

Define population.
List ways in which a population can be described.
Explain population density and dispersion.
Explain how population growth is determined.

What is a population?
When you think of the word population, you might think of the number of people in your town or city. But humans
are not the only species to have populations. Every species has a population. Or many populations. This group of
penguins, which are all members of the same species and all living together in the same space, is a population.
What is a Population

A population is a group of organisms of the same species, all living in the same area and interacting with each
other. Since they live together in one area, members of the same species reproduce together. Ecologists who study
populations determine how healthy or stable the populations are. They also study how the individuals of a species
interact with each other and how populations interact with the environment. If a group of similar organisms in the
same area cannot reproduce with members of the other group, then they are members of two distinct species and
form two populations.
They can measure the number of individuals that make up the population, known as population size. With this
information they can determine the population density, or the number of individuals of the same species in a
specific area. Population density can be expressed as the number of individuals per area, such as 20 mice/acre, or 50
rabbits/square mile.
309

10.3. Features of Populations

www.ck12.org

Ecologists also study how individuals in a population are spread across an environment. This spacing of individuals
within a population is called dispersion. Some species may be clumped or clustered ( Figure 10.4) in an area.
Others may be evenly spaced ( Figure 10.5). Still others may be spaced randomly within an area. The population
density and dispersion have an effect on reproduction and population size. What do you think the relationship is
between population density, dispersion and size?

FIGURE 10.4
Clumped species are closer together.
This may allow for easier reproduction.

FIGURE 10.5
A population of cacti in the Sonoran
Desert generally shows even dispersion
due to competition for water.

Ecologists also study the birth and death rates of the population. Together these give the growth rate (the birth
rate minus the death rate), which tells how fast (or slow) the population size is changing. The birth rate is the
number of births within a population during a specific time period. The death rate is the number of deaths within
a population during a specific time period. Knowing the birth and death rates of populations gives you information
about a population’s health. For example, when a population is made up of mostly young organisms and the birth
rate is high, the population is growing. A population with equal birth and death rates will remain the same size.
Populations that are decreasing in size have a higher death rate than birth rate.
Vocabulary

• Birth rate - is the number of births within a population during a specific time period.
• Death rate - is the number of deaths within a population during a specific time period
• Dispersion - how individuals in a population are spread across an environment
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• Population - is a group of organisms of the same species, all living in the same area and interacting with each
other
• Population Density - the number of individuals of the same species in a specific location
• Population Size - the number of individuals that make up the population
Summary

• A population is a group of organisms of the same species, all living in the same area and interacting with each
other.
• Scientists can study many aspects of a population, including density, dispersion, and birth and death rates.
Explore More

Use the resource below to answer the questions that follow.
• Population Distributions at http://www.youtube.com/watch?v=BMsmDy-2jbA (3:51)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57315

1.
2.
3.
4.
5.

Is the distribution of organisms of a species constant with time?
What is the most common type of distribution? How does this distribution benefit the species?
What factors make a uniform distribution pattern a beneficial strategy for a species?
How do chemicals made by organisms help establish and maintain a uniform distribution pattern?
What factors contribute to a random distribution pattern? Why do animals not maintain this distribution pattern
year round?

Review

1.
2.
3.
4.

Define population.
What is population dispersion? Describe the possible dispersion patterns for a population.
Would all the deer and mice living in a forest be a population? Why or why not?
What is the growth rate?
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10.4 Population Growth Patterns
•
•
•
•

Describe factors that affect population growth.
Distinguish immigration from emigration.
Compare exponential growth to logistic growth.
Explain carrying capacity.

What affects population growth in the United States?
One way the population of the United States has grown is through the movement of individuals into the United
States from other parts of the world. The same effects can be seen in wildlife populations. Individuals move into
a population and increase its size. This is just one of the many factors affecting population growth. Of course,
individuals may also move away from a population.
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Population Growth

What does population growth mean? You can probably guess that it means the number of individuals in a population
is increasing. The population growth rate tells you how quickly a population is increasing or decreasing. There
are many factors that determines the population growth rate for a particular population.
Factors that affect population growth are:
1.
2.
3.
4.
5.
6.

Age of organisms at first reproduction.
How often an organism reproduces.
The number of offspring of an organism.
The presence or absence of parental care.
How long an organism is able to reproduce.
The death rate of offspring

Births, Deaths, and Migration

Population growth rate depends on birth rates and death rates, as well as migration. First, we will consider the effects
of birth and death rates. You can predict the growth rate by using this simple equation: growth rate = birth rate –
death rate.
If the birth rate is larger than the death rate, then the population grows. If the death rate is larger than the birth rate,
then the population decreases. If the birth and death rates are the same, then the population size will not change.
For an ecosystem to be stable, populations in that system must be healthy, and that usually means reproducing as
much as their environment allows. If the death rate is larger than the birth rate, then the population decreases. If the
birth and death rates are the same, then the population size will not change. Organisms can use different strategies
to increase their reproduction rate.
Migration

Migration is the movement of individual organisms into, or out of, a population. Migration affects population
growth rate. There are two types of migration:
1. Immigration is the movement of individuals into a population from other areas. This increases the population
size and growth rate.
2. Emigration is the movement of individuals out of a population. This decreases the population size and growth
rate.
The earlier growth rate equation can be modified to account for migration: growth rate = (birth rate + immigration
rate) – (death rate + emigration rate).
One type of migration that you are probably familiar with is the migration of birds. Maybe you have heard that birds
fly south for the winter. In the fall, birds fly thousands of miles to the south where it is warmer. In the spring, they
return to their homes. ( Figure 10.6).
Monarch butterflies also migrate from Mexico to the northern U.S. in the summer and back to Mexico in the winter.
These types of migrations move entire populations from one location to another.
Carrying Capacity

In nature, organisms do not usually have ideal environments with unlimited food. In nature, there are limits.
Sometimes, there will be plenty of food. Sometimes, a fire will wipe out all of the available nutrients. Sometimes a
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FIGURE 10.6
A flock of barnacle geese fly in formation
during the autumn migration.

predator will kill many individuals in a population. How do you think these limits affect the way organisms grow?
Sometimes when individuals are starting out, they grow quickly or exponentially while resources (food) are abundant. But as populations increase and resources become less available, rates of growth slow down and slowly
level off, reaching the carrying capacity. The carrying capacity is the upper limit to the population size that the
environment can support. This type of growth is shown as an "S-shaped" curve below ( Figure above).
Vocabulary

•
•
•
•
•

Carrying capacity - is the upper limit to the population size that the environment can support
Emigration - is the movement of individuals out of a population
Immigration - is the movement of individuals into a population from other areas
Migration - is the movement of individual organisms into, or out of, a population
Population growth rate - tells you how quickly a population is increasing or decreasing

Summary

• Population growth rate is affected by birth rates, death rates, immigration, and emigration.
• If a population is given unlimited amounts of food, moisture, and oxygen, and other environmental factors, it
will show exponential growth.
Explore More

Use the resource below to answer the questions that follow.
• Population Growth at http://www.youtube.com/watch?v=sc4HxPxNrZ0 (2:58)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1548
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1. How many years did it take the human population to increase from 1 billion to 2 billion? Considering how
long it took the human population to reach 1 billion, is this pattern consistent with an exponential growth
model?
2. How fast is the human population currently increasing? What kind of growth does this indicate the human
population is experiencing currently? Does this rate represent an increase or decrease from previous growth
rates?
3. Is our current population level creating problems with available space? Why or why not?
Review

1. List three factors that affect population growth?
2. Compare altricial organisms to precocial organisms.
3. De[U+FB01]ne carrying capacity.
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10.5 Food Production, Limiting Factors, and
Population Growth
• Give examples of limiting factors to population growth.
• Explain how limiting factors affect population growth.

What happened during the Irish Potato Famine?
In the 1800s, a disease called potato blight destroyed much of the potato crop in Ireland. Since many Irish people
depended on potatoes as their staple food, mass starvation and emigration resulted. This caused Ireland’s population
to dramatically decrease. Lack of food is one factor that can limit population growth.
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FIGURE 10.7
The Food Production chain can bring any
food from the fields and oceans to your
dining table.

The Food Production Chain

It takes several steps to get food from the farm or fishery to the dining table. We call these steps the food production
chain. Production means growing the plants we harvest or raising the animals we use for food. Most food comes
from domesticated animals and plants, and their production occurs on farms or ranches. Some foods are caught or
harvested from the wild, such as some fish, mushrooms, and game.

Processing

Processing means changing plants or animals into what we recognize and buy as food. Processing involves different
steps for different kinds of foods. For produce, processing can be as simple as cleaning and sorting, or it can involve
trimming, slicing, or shredding and bagging. Milk is usually processed by pasteurizing it; sometimes it is made
into cheese. Nuts may be roasted, chopped, or ground (such as with peanut butter). For animals, the first step of
processing is slaughter. Meat and poultry may then be cut into pieces or ground. They may also be smoked, cooked,
or frozen and may be combined with other ingredients to make a sausage or entrée, such as a potpie.

Distribution

Distribution means getting food from the farm or processing plant to the consumer or a food service facility like
a restaurant, cafeteria, or hospital kitchen. This step might involve transporting foods just once, such as trucking
produce from a farm to the local farmers’ market. Or it might involve many stages. For instance, frozen hamburger
patties might be trucked from a meat processing plant to a large supplier, stored for a few days in the supplier’s
warehouse, trucked again to a local distribution facility for a restaurant chain, and finally delivered to an individual
restaurant.

Preparation

Preparation means getting the food ready to eat. This step may occur in the kitchen of a restaurant, home, or
institution. It may involve following a complex recipe with many ingredients, simply heating and serving a food on
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a plate, or just opening a package and eating the food.
Limiting Factors to Population Growth

For a population to be healthy, factors such as food, nutrients, water and space, must be available. What happens
when there are not enough resources to support the population? Limiting factors are resources or other factors in
the environment that can lower the population growth rate. Limiting factors include a low food supply and lack of
space. Limiting factors can lower birth rates, increase death rates, or lead to emigration.
When organisms face limiting factors, they show logistic growth (S-shaped curve, curve B: Figure 10.8). Competition for resources like food and space cause the growth rate to stop increasing, so the population levels off. This
flat upper line on a growth curve is the carrying capacity. The carrying capacity (K) is the maximum population
size that can be supported in a particular area without destroying the habitat. Limiting factors determine the carrying
capacity of a population. Recall that when there are no limiting factors, the population grows exponentially. In
exponential growth (J-shaped curve, curve A: Figure 10.8), as the population size increases, the growth rate also
increases.

FIGURE 10.8
Exponential and Logistic Growth. Curve
A shows exponential growth.
shows logistic growth.

Curve B

Notice that the

carrying capacity (K) is also shown.

Food Supply as Limiting Factor

If there are 12 hamburgers at a lunch table and 24 people sit down at a lunch table, will everyone be able to eat? At
first, maybe you will split hamburgers in half, but if more and more people keep coming to sit at the lunch table, you
will not be able to feed everyone. This is what happens in nature. But in nature, organisms that cannot get food will
die or find a new place to live. It is possible for any resource to be a limiting factor, however, a resource such as food
can have dramatic consequences on a population.
In nature, when the population size is small, there is usually plenty of food and other resources for each individual.
When there is plenty of food and other resources, organisms can easily reproduce, so the birth rate is high. As the
population increases, the food supply, or the supply of another necessary resource, may decrease. When necessary
resources such as food decrease, some individuals will die. Overall, the population cannot reproduce at the same
rate, so the birth rates drop. This will cause the population growth rate to decrease.
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When the population decreases to a certain level where every individual can get enough food and other resources,
and the birth and death rates become stable, the population has leveled off at its carrying capacity.
Other Limiting Factors

Other limiting factors include light, water, nutrients or minerals, oxygen, the ability of an ecosystem to recycle
nutrients and/or waste, disease and/or parasites, temperature, space, and predation. Can you think of some other
factors that limit populations?
Weather can also be a limiting factor. As you know, most plants like rain. However, an individual cactus-like Agave
americana plant actually likes to grow when it is dry. Rainfall limits reproduction of this plant which, in turn, limits
growth rate. Can you think of some other factors like this?
Human activities can also limit the growth of populations. Such activities include use of pesticides, such as DDT,
use of herbicides, and habitat destruction.
Vocabulary

• Carrying capacity - is the maximum population size that can be supported in a particular area without
destroying the habitat.
• Food Production Chain - to get food from the farm or fishery to the dining table.
• Harvest - to take a food item from it’s natural environment and place it somewhere in the food production
chain.
• Limiting factors - a lack of resources in the environment that can lower the population growth rate.
• Processing - means changing plants or animals into what we recognize and buy as food.
Summary

• Limiting factors, or things in the environment that can lower the population growth rate, include low food
supply and lack of space.
• When organisms face limiting factors, they show logistic type of growth (S-curve).
Explore More

Use the resource below to answer the questions that follow.
• Biotic Potential at http://www.youtube.com/watch?v=BSVbdaubxxg (2:58)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57338

1. What type of growth is characterized by a consistent increase in growth rate? How often is this type of growth
actually seen in nature?
2. What factors keep populations from reaching their carrying capacity?
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3. How do you think the length of an organism’s life span will affect the species’ ability to reach carrying
capacity?
4. What would the growth equation look like for sessile populations (i.e. populations where individuals are fixed
in space)?
Review

1. What is a limiting factor?
2. What are three examples of limiting factors?
3. When organisms face limiting factors, what type of growth do they show?
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10.6 Human Population
•
•
•
•

Describe how the human population has grown over the past 2,000 years.
Discuss predictions for future human population growth.
List the stages of human population growth.
Compare Neo-Malthusians to Cornucopians.

Too many people?
In October 2011, the human population passed 7 billion people. What problems could result if the human population
continues its rapid rise? One issue is that overpopulation makes many environmental issues more serious. More
people on the planet means more food and water is needed and more pollution is generated. Is there a carrying
capacity for the human population?
Human Population

How quickly is the human population growing? If we look at worldwide human population growth from 10,000
BCE through today, our growth looks like exponential growth. It increased very slowly at first, but later grew faster
and faster as the population increased in size ( Figure 10.9). And recently, the human population has increased at
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a faster pace than ever before. It has taken only 12 years for the world’s population to increase from six billion to
seven billion. Considering that in the year 1804, there were just one billion people, and in 1927, there were just two
billion people (that’s 123 years to increase from 1 to 2 billion), the recent increase in the human population growth
rate is characteristic of exponential growth. Does this mean there are unlimited resources?

FIGURE 10.9
Worldwide human population growth from
10,000 BCE through today.

Five Stages

On the other hand, if you look at human population growth in specific countries, you may see a different pattern.
On the level of a country, the history of human population growth can be divided into five stages, as described in
Table 10.2. Some countries have very high birth rates, in some countries the growth rate has stabilized, and in some
countries the growth rate is in decline.

TABLE 10.2: The Stages of Human Population Growth
Stage
1
2

3
4
5

Description
Birth and death rates are high and population growth is
stable. This occurred in early human history.
Significant drop in death rate, resulting in exponential
growth. This occurred in 18th- and 19th-century Europe.
Population size continues to grow.
Birth rates equal death rates and populations become
stable.
Total population size may level off.

The United Nations and the U.S. Census Bureau predict that by 2050, the Earth will be populated by 9.4 billion
people. Other estimates predict 10 to 11 billion.

Summary

• The human population is undergoing exponential growth.
• Future outlooks on human population growth differ; some think we will have a limitless amount of resources,
while others think we have already reached our carrying capacity.
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Explore More

Use the resource below to answer the questions that follow.
• Urban Sprawl: Phoenix from the American Museum of Natural History at http://www.youtube.com/watch
?v=rCYYf3igZuM (2:37)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57331

1.
2.
3.
4.

How much land in the United States is lost to urban sprawl every year?
How has land use around Phoenix, Arizona changed since 1912?
How did urban areas change after agricultural expansion in Arizona?
How does urban growth affect water usage? What problems does this present for the sustainability of urban
environments?

Review

1. Describe the rate of human population growth.
2. How long did it take for the world’s population to grow from 6 billion to 7 billion?
3. What is the predicted human population by 2050?
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10.7 Reduce, Reuse, and Recycle
•
•
•
•

Discuss how reducing, reusing, and recycling can help conserve resources.
Give examples of reducing the use of resources.
Give examples of of reusing resources.
Give examples of things that are commonly recycled.

How can you help conserve our natural resources?
Reduce, reuse, and recycle. There are steps that you personally can take to conserve our natural resources and reduce
waste. The waste that an individual creates is small in proportion to all the waste produced by society. Yet all small
contributions, when added up, make a difference.

Reduce, Reuse, and Recycle

Why conserve resources? During your lifetime, it is possible that the world may run out of some nonrenewable
resources, especially as the population passes 8 then 9 billion people. So it is necessary to try to make these
resources last as long as possible. You may have heard people say, "Reduce, Reuse, Recycle." You may know that
this is the slogan of the campaign to conserve resources. But what do each one of those words truly mean?
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Reduce

What exactly does it mean to reduce? Reducing means decreasing the amount of waste we create. That could also
mean cutting down on use of natural resources. Minimizing of waste may be difficult to achieve for individuals
and households, but here are some starting points that you can include in your daily routine to reduce the use of
resources:
•
•
•
•
•
•
•
•
•
•
•
•
•

Turn lights off when not using them.
Turn the television off when no one is watching.
Replace burned out bulbs with ones that are more energy-efficient ( Figure 10.10).
Reduce water use by turning off faucets when not using water.
Use low-flow shower heads, which save on water and use less energy.
Use low-flush and composting toilets.
Put kitchen and garden waste into a compost pile.
In the summer, change filters on your air conditioner and use as little air conditioning as possible. The use of
air conditioning uses a lot of energy.
In winter, make sure your furnace is working properly and make sure there is enough insulation on windows
and doors.
Mend broken or worn items instead of buying new ones.
When you go shopping for items, buy quantities you know you will use without waste.
Walk or bicycle instead of using an automobile, in order to save on fuel usage and costs, and to cut down on
pollution.
When buying a new vehicle, check into hybrid, semi-hybrid, or electric models to cut down on gas usage and
air pollution.

FIGURE 10.10
These fluorescent light bulbs are much
more energy efficient than standard light
bulbs.

Reuse

Let’s now look at what we can reuse. Reusing includes using the same item again for the same function and also
using an item again for a new function. Reuse can have both economic and environmental benefits. New packaging
regulations are helping society to move towards these goals. Some ways of reusing resources include:
• Use reusable bags when shopping.
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• Use gray water. Water that has been used for laundry, for example, can be used to water the garden or flush
toilets.
• At the town level, purified sewage water can be used for fountains, watering public parks or golf courses, fire
fighting, and irrigating crops.
• Rain can be caught in rain barrels and used to water your garden.
What are some other ways to reuse resources?
Recycle

Now we move on to recycle. Sometimes it may be difficult to understand the differences between reusing and
recycling. Recycling involves processing used materials in order to make them suitable for other uses. That usually
means taking a used item, breaking it down, and reusing the pieces. Even though recycling requires extra energy, it
does often make use of items which are broken, worn out, or cannot be reused.
The things that are commonly recycled include:
•
•
•
•
•
•
•
•
•
•
•

Batteries.
Biodegradable waste.
Electronics.
Iron and steel.
Aluminum ( Figure 10.11).
Glass.
Paper.
Plastic.
Textiles, such as clothing.
Timber.
Tires.

FIGURE 10.11
These aluminum cans are packed together in a recycling plant to be reused.

Each type of recyclable requires a different recycling technique. Here are some things you can do to recycle in your
home, school, or community:
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• If you have recycling in your community, make sure you separate aluminum, plastics, glass, and paper
products.
• See if your school recycles. If not, you and some friends could start a recycling club, or organize efforts to
better recycling goals.
Laws can also be created to make sure people and companies reduce, reuse, and recycle. Individuals can vote for
leaders who stand for sustainable ecological practices. They can also tell their leaders to make wise use of natural
resources. You can also influence companies. If you and your family only buy from companies and restaurants
that support recycling or eco-friendly packaging, then other companies will also change to be more environmentally
friendly.
Vocabulary

• Natural resources - sources of energy that are derived from the Earth
• Nonrenewable resources - sources of energy that cannot be recycled or used again
Summary

• Reducing waste, as well as reusing and recycling resources, can help save natural resources
• Consumers can influence companies to become more environmentally friendly.
Explore More

Use the resource below to answer the questions that follow.
• In Cairo Slum, the Poor Spark Environmental Change at http://www.npr.org/templates/story/story.php?sto
ryId=89956754
1. What are the Zabaleen?
2. Why are solar water heaters beneficial?
See Cairo puts its faith in ragpickers to manage the city’s waste problem at http://www.theguardian.com/world
/2013/nov/19/cairo-ragpickers-zabaleen-egypt-recycling for additional information on the Zabaleen.
Review

1. What are four examples of recyclable materials?
2. What are two ways you can reduce the amount of waste you create?
3. What are two ways of reusing materials?
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10.8 Habitat Destruction
•
•
•
•
•
•

Define habitat destruction.
Give examples of habitat destruction.
Discuss what causes the destruction of habitats.
Explain the effects of slash-and-burn agriculture.
Give examples of invasive species.
Describe the effects of non-native species.

What’s happening to this land?
This picture, taken in southern Mexico, shows land being cleared for agriculture. The forest has been cut down and
burned to make room for a a farm. In the process, homes to many plants and animals were destroyed. This is an
example of habitat destruction.
Habitat Destruction

From a human point of view, a habitat is where you live, go to school, and go to have fun. Your habitat can be
altered, and you can easily adapt. Most people live in a few different places and go to a number of different schools
throughout their life. But a plant or animal may not be able to adapt to a changed habitat. A habitat is the natural
home or environment of an organism. Humans sometimes destroy the habitats of other organisms and this could
cause the extinction of species. Once a species is extinct, it can never recover. Some ways humans cause habitat
destruction are by clearing land and by introducing non-native species of plants and animals to a specific ecosystem.
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Land Loss

Clearing land for agriculture and development is a major cause of habitat destruction. Within the past 100 years,
the amount of land used for agriculture has almost doubled. Land used for grazing cattle has more than doubled.
Agriculture alone has cost the United States half of its wetlands ( Figure 10.12) and almost all of its tall grass
prairies. Native prairie ecosystems, with their thick fertile soils, deep-rooted grasses, diversity of colorful flowers,
burrowing prairie dogs, and herds of bison and other animals, have virtually disappeared ( Figure 10.14).

FIGURE 10.12
Wetlands such as this one in Cape
May, New Jersey, filter water and protect
coastal lands from storms and floods.

FIGURE 10.13
The Flint Hills contain some of the largest remnants of tallgrass prairie
habitat remaining in North America.

Slash-and-Burn Agriculture

Other habitats that are being rapidly destroyed are forests, especially tropical rain forests. The largest cause of
deforestation today is slash-and-burn agriculture (shown in the opening image). This means that when people
want to turn a forest into a farm, they cut down all of the trees and then burn the remainder of the forest. This
technique is used by over 200 million people in tropical forests throughout the world.
As a consequence of slash-and-burn agriculture, nutrients are quickly lost from the soil. This often results in people
abandoning the land within a few years. Then the top soil erodes and desertification can follow. Desertification
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FIGURE 10.14
Herds of bison also made up part of the
tallgrass prairie community.

turns forest into a desert, where it is difficult for plants to grow. Half of the Earth’s mature tropical forests are gone.
At current rates of deforestation, all tropical forests will be gone by the year 2090.

Non-native Species

One of the main causes of extinction is introduction of exotic species into an environment. These exotic and new
species can also be called invasive species or non-native species. These non-native species, being new to an area,
may not have natural predators in the new habitat, which allows their populations to easily adapt and grow. Invasive
species out-compete the native species for resources. Sometimes invasive species are so successful at living in a
certain habitat that the native species go extinct ( Figure 10.15).
Recently, cargo ships have transported zebra mussels, spiny water fleas, and ruffe (a freshwater fish) into the Great
Lakes ( Figure 10.16). These invasive species are better at getting food. Invasive species can disrupt food chains,
carry disease, prey on native species directly, and out-compete native species for limited resources, like food. All of
these effects can lead to extinction of the native species.

Other Causes

Other causes of habitat destruction include poor fire management, overfishing, mining ( Figure 10.17), pollution,
and storm damage. All of these can cause irreversible changes to a habitat and ecosystem.

Vocabulary
•
•
•
•
•
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Habitat – the physical environment where a species lives.
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FIGURE 10.15
An exotic species, the brown tree snake,
hitchhiked on an aircraft to the Pacific
Islands, causing the extinctions of many
bird and mammal species which had
evolved in the absence of predators.

FIGURE 10.16
These

zebra

mussels,

an

invasive

species, live on most man-made and
natural surfaces. Here they have infested
the walls of the Arthur V. Ormond Lock
on the Arkansas River.

They have

caused significant damage to American
waterways, locks, and power plants.

Summary

• There are many causes of habitat destruction, including clearing of land and introduction of invasive species.
• Slash-and-burn agriculture can lead to desertification, meaning the fertile top soil is lost.

Explore More

Use the resource below to answer the questions that follow.

Explore More I

• Suburban Growth Stresses Streams at http://www.youtube.com/watch?v=54k5vaWIRdA
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FIGURE 10.17
Strip coal mining, pictured here, has destroyed the entire ecosystem.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57324

1. How does the loss of trees along streams affect steam ecosystems?
2. Loss of trees has destabilized some stream banks. How are aquatic insects affected by this situation?
3. How have urban areas affected the diversity of fish in streams? What types of fish are being selected for?
Explore More II

• The Ecology of Climate Change at http://www.youtube.com/watch?v=isPGjChdby8 (8:07)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57325

1. What types of trees dominate boreal forests?
2. How is climate change affecting the amount of fires occurring in Alaska? How is this affecting the ecosystem?
3. How do conifer forests differ from deciduous forest in their effect on carbon? How may this feed into climate
change?
4. How may the thawing of permafrost affect the Global Carbon Cycle? How is the carbon in the permafrost
similar to the carbon in fossil fuel?
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Review

1.
2.
3.
4.

What is a habitat?
What are the primary ways that humans destroy habitats?
Why may invasive species thrive in a new area? Why is this an issue?
Describe slash-and-burn agriculture.
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10.9 Human Causes of Extinction
• Describe the effects of global warming on habitats.
• Summarize associations between pollution and species extinction.
• Discuss issues associated with human overpopulation.

Why are these polar bears threatened?
These polar bears are threatened because of global warming. They depend on the sea ice for their hunting grounds,
and this ice is melting away. Plus bears have to make a longer and more hazardous journey to get to the remaining
ice.

Other Causes of Extinction

In addition to habitat destruction, other human-caused problems are also threatening many species. These include
issues associated with climate change, pollution, and over-population.

Global Warming

Another major cause of extinction is global warming, which is also known as global climate change. During the past
century, the Earth’s average temperature has risen by almost 1◦ C (about 1.3◦ F). You may not think that is significant,
but to organisms that live in the wild and are constantly adapting to their environments, any climate change can be
hazardous. Recall that burning fossil fuels releases gasses into the atmosphere that warm the Earth. Our increased
use of fossil fuels, such as coal and oil, is helping to change the Earth’s climate. Any long-term change in the climate
can destroy the habitat of a species. For example, if the seas increase in temperature, even briefly, it may be too warm
for certain types of fish to reproduce.
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Pollution

Pollution adds chemicals, noise, heat, or even light to an environment. This can have many different harmful effects
on all kinds of organisms. For example, the pesticide DDT nearly eliminated the Peregrine falcon in some parts of
the world. This pesticide caused falcons to lay eggs with thinner shells. As a result, fewer falcon eggs survived to
hatching. Populations of peregrine falcons declined rapidly. DDT was then banned in the U.S. and peregrine falcon
populations have recovered.
Water pollution threatens vital freshwater and marine resources throughout the world ( Figure 10.18). Specifically,
industrial and agricultural chemicals, waste, and acid rain threaten water. As water is essential for all ecosystems,
water pollution can result in the extinction of species.

FIGURE 10.18
A bird that was the victim of an oil
spill. About 58,000 gallons of oil spilled
from a South Korea-bound container ship
when it struck a tower supporting the San
Francisco-Oakland Bay Bridge in dense
fog in November, 2007.

Finally, soil contamination can also result in extinction. Soil contamination can come from toxic industrial and
municipal wastes ( Figure 10.19), salts from irrigation, and pesticides from agriculture. These all degrade the soil
as well. As soil is the foundation of terrestrial ecosystems, this can result in extinction.

Human Overpopulation

Human populations are on the rise. The human population passed the 7 billion mark in October of 2011, and will
pass 8 and 9 billion probably before the middle of the century. All these people will need resources such as places to
live, food to eat, and water to drink, and they will use energy and create waste. Essentially, human population growth
can effect all other causes of extinction. For example, more people on the Earth means more people contributing
to global warming and pollution. More people also means more clearing of land for agriculture and development.
Recall that development by humans often causes habitats to be destroyed. This destruction can force species to go
extinct, or move somewhere else.

Vocabulary
• Acid rain – lowered PH water that falls to earth through a polluted atmosphere.
• Climate – typical weather in a specific location over a long period of time.
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FIGURE 10.19
Soil contamination caused by petrochemical products.

• Fossil fuels – remains of long dead organisms that have become a source of energy in the form of coal, oil and
natural gas.
• Global warming – the gradual heating, on average, of the Earth’s external temperature.
Summary

• Global climate change is a major cause of extinctions.
• Pollution of chemicals, noise, heat, or even light to an environment can be harmful to organisms.
Explore More

Use the resource below to answer the questions that follow.
• Causes of Extinction at http://www.eoearth.org/view/article/150962/
1. What is the primary cause of human-induced extinctions?
2. What is considered the greatest contributor to the extinction of many species?
3. What was the effect effect of the introduction of mammalian predators to New Zealand?
Review

1. Define global warming. Why is global warming an issue to organisms?
2. How could the high human population growth rate drive further extinctions of plants and animals?
3. Give an example of how pollution can threaten organisms.

Summary
Ecology is the study of ecosystems. An ecosystem consists of all the living and nonliving components of the
habitat. Whereas nutrients and certain elements are recycled through ecosystems, energy moves in just one direction.
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Many interactions among species within an ecosystem are centered around the flow of energy. The formation of
ecosystems, from new land to current habitats, is usually based on the pioneer species, and these species are able
to live in an area due to the nonliving factors, such as the climate, the soil and the amount of rainfall, of that area.
The populations within an ecosystem also determine the stability of the system. Recent tremendous increases in the
human population have raised many important ecological issues.
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11.1 Ecosystems
•
•
•
•

Define and describe an ecosystem.
Give examples of biotic and abiotic factors.
Explain the relationship between producers and consumers.
Summarize the importance of biogeochemical cycles.

What nonliving things are essential for life?
Living organisms cannot exist without the nonliving aspects of the environment. For example: air, water, and
sunlight, which are all nonliving, are all essential to living organisms. Both nonliving and living things make up an
ecosystem.
What is an Ecosystem?

Ecology is the study of ecosystems. That is, ecology is the study of how living organisms interact with each other
and with the nonliving part of their environment. An ecosystem consists of all the nonliving factors and living
organisms interacting in the same habitat. Recall that living organisms are biotic factors. The biotic factors of an
ecosystem include all the populations in a habitat, such as all the species of plants, animals, and fungi, as well as
all the micro-organisms. Also recall that the nonliving factors are called abiotic factors. Abiotic factors include
temperature, water, soil, and air.
You can find an ecosystem in a large body of fresh water or in a small aquarium. You can find an ecosystem in
a large thriving forest or in a small piece of dead wood. Examples of ecosystems are as diverse as the rainforest,
the savanna, the tundra, or the desert (Figure below). The differences in the abiotic factors, such as differences
in temperature, rainfall, and soil quality, found in these areas greatly contribute to the differences seen in these
ecosystems. Ecosystems can include well known sites, such as the Great Barrier Reef off the coast of Australia
and the Greater Yellowstone Ecosystem of Yellowstone National Park, which actually includes a few different
ecosystems, some with geothermal features, such as Old Faithful geyser.
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FIGURE 11.1
Desert Botanical Gardens in Phoenix, Arizona.

Ecosystems need energy. Many ecosystems get their energy in the form of sunlight, which enters the ecosystem
through photosynthesis. This energy then flows through the ecosystem, passed from producers to consumers.
Plants are producers in many ecosystems. Energy flows from plants to the herbivores that eat the plants, and then to
carnivores that eat the herbivores. The flow of energy depicts interactions of organisms within an ecosystem.
Matter is also recycled in ecosystems. Biogeochemical cycles recycle nutrients, like carbon and nitrogen, so they are
always available. These nutrients are used over and over again by organisms. Water is also continuously recycled.
The flow of energy and the recycling of nutrients and water are examples of the interactions between organisms and
the interactions between the biotic and abiotic factors of an ecosystem.
Summary

• An ecosystem consists of all the living things and nonliving things interacting in the same area.
• Matter is also recycled in ecosystems; recycling of nutrients is important so they can always be available
Explore More

Use the resource below to answer the questions that follow.
• How Ecosystems Work at http://www.youtube.com/watch?v=o_RBHfjZsUQ (3:24)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1497

1. How do land plants generate the energy they need for their metabolic energy? What do they do with excess
energy?
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2. Where do scavengers in an ecosystem obtain their energy from? How can scavenging be a beneficial strategy
for an organism?
3. What is the role of decomposers?
4. What kind of problems can you foresee if every speck of carbon were turned into biomass? Why?
5. Complete this statement: Energy ___________ through an ecosystem, whereas nutrients are ____________.
Review

1.
2.
3.
4.
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Define an ecosystem.
Distinguish between abiotic and biotic factors. Give examples of each.
Where does the energy come from for many ecosystems?
Name two nutrients that are recycled through an ecosystem.
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11.2 Habitat and Niche
• Define habitat and niche.
• Describe the roles of the habitat and niche in an ecosystem.

What is your niche at school?
Are you on the basketball team? Are you a cheerleader? Do you play an instrument in the band? Your niche would
be your role or place in the school. Organisms also each have their own niche in the ecosystem. Is an organism a
producer or a consumer? How does the organism interact with other organisms? Is the organism involved in any
symbiotic relationships?
Habitat and Niche
Niche

Each organism plays a particular role in its ecosystem. A niche is the role a species plays in the ecosystem. In
other words, a niche is how an organism “makes a living.” A niche will include the organism’s role in the flow of
energy through the ecosystem. This involves how the organism gets its energy, which usually has to do with what
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an organism eats, and how the organism passes that energy through the ecosystem, which has to do with what eats
the organism. An organism’s niche also includes how the organism interacts with other organisms, and its role in
recycling nutrients.
Once a niche is left vacant, other organisms can fill that position. For example when the Tarpan, a small wild horse
found mainly in southern Russia, became extinct in the early 1900s, its niche was filled by a small horse breed, the
Konik (Figure below). Often this occurs as a new species evolves to occupy the vacant niche.

FIGURE 11.2
The Konik horse.

A species’ niche must be specific to that species; no two species can fill the same niche. They can have very similar
niches, which can overlap, but there must be distinct differences between any two niches. When plants and animals
are introduced, either intentionally or by accident, into a new environment, they can occupy the existing niches of
native organisms. Sometimes new species out-compete native species, and the native species may go extinct. They
can then become a serious pest. For example, kudzu, a Japanese vine, was planted in the southeastern United States
in the 1870s to help control soil loss. Kudzu had no natural predators, so it was able to out-compete native species
of vine and take over their niches (Figure below).

Habitat

The habitat is the physical area where a species lives. Many factors are used to describe a habitat. The average
amount of sunlight received each day, the range of annual temperatures, and average yearly rainfall can all describe
a habitat. These and other abiotic factors will affect the kind of traits an organism must have in order to survive
there. The temperature, the amount of rainfall, the type of soil and other abiotic factors all have a significant role in
determining the plants that invade an area. The plants then determine the animals that come to eat the plants, and so
on. A habitat should not be confused with an ecosystem: the habitat is the actual place of the ecosystem, whereas
the ecosystem includes both the biotic and abiotic factors in the habitat.
Habitat destruction means what it sounds like—an organism’s habitat is destroyed. Habitat destruction can cause
a population to decrease. If bad enough, it can also cause species to go extinct. Clearing large areas of land for
housing developments or businesses can cause habitat destruction. Poor fire management, pest and weed invasion,
and storm damage can also destroy habitats. National parks, nature reserves, and other protected areas all preserve
habitats.
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FIGURE 11.3
Kudzu, a Japanese vine introduced intentionally to the southeastern United States,
has out-competed the native vegetation.

FIGURE 11.4
Santa Cruz Island off the California coast
has diverse habitats including a coastline
with steep cliffs, coves, gigantic caves,
and sandy beaches.

Summary

• The role a species plays in the ecosystem is called its niche.
• A habitat is the physical environment in which a species lives.

Explore More

Use the resource below to answer the questions that follow.
• Competition, Predation, Symbiosis at http://www.youtube.com/watch?v=D1aRSeT-mQE (3:20)
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FIGURE 11.5
The above image shows wetland reeds,
another type of habitat.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/1511

1. How do you think rapid changes in the chracteristics of habitats affect the niches of animals occupying that
habitat?
2. Do you think rapid or gradual environmental changes have a greater potential to affect an organism’s niche?
Explain your answer.
3. On a very broad scale, how are the niches of a carnivore and an herbivore in the same geographic area similar?
How do they differ?
Review

1.
2.
3.
4.
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What is a niche?
Can two species share the same niche? Why or why not?
Name three factors that can be used to describe a habitat.
Distinguish between a habitat and an ecosystem.
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11.3 Food Webs
• Distinguish a food chain from a food web.
• Be able to draw and interpret a food web.
• Summarize the roles of producers, herbivores, and carnivores in a food web.

How do the grasshopper and the grass interact?
Grasshoppers don’t just hop on the grass. They also eat the grass. Other organisms also eat the grass, and some
animals even eat the grasshopper. These interactions can be visualized by drawing a food web.
Food Webs

Energy must constantly flow through an ecosystem for the system to remain stable. What exactly does this mean?
Essentially, it means that organisms must eat other organisms. Food chains (Figure below) show the eating patterns
in an ecosystem. Food energy flows from one organism to another. Arrows are used to show the feeding relationship
between the animals. The arrow points from the organism being eaten to the organism that eats it. For example, an
arrow from a plant to a grasshopper shows that the grasshopper eats the leaves. Energy and nutrients are moving
from the plant to the grasshopper. Next, a bird might prey on the grasshopper, a snake may eat the bird, and then an
owl might eat the snake. The food chain would be:
plant → grasshopper → bird → snake → owl.
A food chain cannot continue to go on and on. For example the food chain could not be:
plant → grasshopper → spider → frog → lizard → fox → hawk.
Food chains only have 4 or 5 total levels. Therefore, a chain has only 3 or 4 levels for energy transfer.
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FIGURE 11.6
This food chain includes producers and
consumers. How could you add decomposers to the food chain?

In an ocean ecosystem, one possible food chain might look like this: phytoplankton → krill → fish → shark.
The producers are always at the beginning of the food chain, bringing energy into the ecosystem. Through
photosynthesis, the producers create their own food in the form of glucose, but also create the food for the other
organisms in the ecosystem. The herbivores come next, then the carnivores. When these consumers eat other
organisms, they use the glucose in those organisms for energy. In this example, phytoplankton are eaten by krill,
which are tiny, shrimp-like animals. The krill are eaten by fish, which are then eaten by sharks. Could decomposers
be added to a food chain?
Each organism can eat and be eaten by many different types of organisms, so simple food chains are rare in nature.
There are also many different species of fish and sharks. So a food chain cannot end with a shark; it must end with a
distinct species of shark. A food chain does not contain the general category of "fish," it will contain specific species
of fish. In ecosystems, there are many food chains.
Since feeding relationships are so complicated, we can combine food chains together to create a more accurate flow
of energy within an ecosystem. A food web (Figure below) shows the feeding relationships between many organisms
in an ecosystem. If you expand our original example of a food chain, you could add deer that eat clover and foxes
that hunt chipmunks. A food web shows many more arrows, but still shows the flow of energy. A complete food
web may show hundreds of different feeding relationships.

Summary

• A food chain is a diagram that shows feeding interactions in an ecosystem through a single pathway.
• A food web is a diagram that shows feeding interactions between many organisms in an ecosystem through
multiple intersecting pathways.
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FIGURE 11.7
Food web in the Arctic Ocean.

Explore More

Use the resource below to answer the questions that follow.
• Build A Food Web at http://www.sciencesource2.ca/resources/SS_active_art/active_art/SEinteractive_gr09_c
h01_pg31/index.html
1.
2.
3.
4.

What do the Loons and Arctic Tern have in common in the food web?
What do the Beluga and the sea duck have in common in the food web?
What species in the food web feed on zooplankton (animal plankton)?
When you build your own food web what must it contain to be healthy? How many healthy food webs could
you build?

Review

1. What is the difference between a food chain and a food web?
2. Food chains always begin with what type of organism? Why?
3. What is the herbivore in the following food chain: algae ->fish ->herons?
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11.4 Energy Pyramids
•
•
•
•

Define energy and energy pyramid.
Explain the flow of energy through an ecosystem using an energy pyramid.
Describe a trophic level.
Explain the maximum number of trophic levels in an ecosystem.

How much energy could be gained from the warthog?
If the cheetah is successful in capturing the warthog, it would gain some energy by eating it. But would the cheetah
gain as much energy as the warthog has consumed in it’s lifetime? No, the warthog has used up most of the energy
it has consumed for its own needs. The cheetah will only gain a small amount of the energy that the warthog has
consumed throughout its lifetime.
Energy Pyramids

When an herbivore eats a plant, the energy in the plant is transferred the herbivore. But how much of that energy is
transferred? Remember that plants are producers bringing the energy into the ecosystem by converting sunlight into
glucose. The plant will use some of the energy for its own needs to do work, and the plant has plenty of "work" to do.
So, of course it needs and uses energy. It converts the glucose it makes into ATP through cellular respiration, just
like other organisms. After the plant uses the energy from glucose for its own needs, the excess energy is available
to the organism that eats the plant.
The herbivore uses the energy from the plant to power its own life processes and to build more body tissues. However,
only about 10% of the total energy from the plant gets stored in the herbivore’s body as extra body tissue. The rest of
the energy is used by the herbivore and released as heat. The next consumer on the food chain that eats the herbivore
will only store about 10% of the total energy from the herbivore in its own body. This means the carnivore will store
only about 1% of the total energy that was originally in the plant. In other words, only about 10% of energy of one
step in a food chain is stored in the next step in the food chain. The majority of the energy is used by the organism
or released to the environment.
Every time energy is transferred from one organism to another, there is a percentage that is lost. This loss of energy
can be shown in an energy pyramid. An example of an energy pyramid is pictured below ( Figure 11.8). Since there
is energy lost at each step in a food chain, it takes many producers to support just a few carnivores in a community.
Each step of the food chain in the energy pyramid is called a trophic level. Plants or other photosynthetic organisms
( autotrophs) are found on the first trophic level, at the bottom of the pyramid. The next level will be the herbivores,
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and then the carnivores that eat the herbivores. The energy pyramid ( Figure 11.8) shows four levels of a food chain,
from producers to carnivores. Because of the high rate of energy loss in food chains, there are usually only 4 or 5
trophic levels in the food chain or energy pyramid. There is not enough energy to support any additional trophic
levels. Heterotrophs are found in all levels of an energy pyramid except at the first level (autotrophs).

FIGURE 11.8
As illustrated by this ecological pyramid,
it takes a lot of phytoplankton to support
the carnivores of the oceans. This energy
pyramid has four trophic levels, which signify the organisms place in the food chain
from the original source of energy.

Vocabulary
•
•
•
•
•
•
•
•

ATP – an adenosine triphosphate molecule that is used by the cell as energy.
Autotroph – an organism that uses energy from the sun to exist and make food.
Cellular Respiration – process of breaking down food, with oxygen, to release energy in the form of ATP.
Energy – the ability to do work.
Energy Pyramid – a diagram that shows how much energy changes from one trophic level to the next.
Heterotroph – any organism that needs to consume another organism for energy.
Producer – makes their own food through photosynthesis.
Trophic Level – position in a food chain or energy pyramid.

Summary
• As energy is transferred along a food chain, energy is lost as heat.
• Only about 10% of energy of one step in a food chain is stored in the next step in the food chain.
Explore More

Use the resource below to answer the questions that follow.
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• Ecological Pyramids at http://www.youtube.com/watch?v=NJplkrliUEg (4:03)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57313

1. What are three types of ecological pyramids? How do their shapes compare?
2. Do you think it would be possible to construct a pyramid where the number of carnivores was more than the
number of herbivores? Why or why not?
3. Do you think it would be possible to construct a pyramid where the biomass of carnivores was more than the
biomass of herbivores? How does this compare to a numbers pyramid.
4. What consumes energy at each trophic level? How does this contribute to energy loss between trophic levels?
Review

1.
2.
3.
4.
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When an herbivore eats a plant, what happens to 90% of the energy obtained from that plant?
What is a trophic level?
Why are the number of trophic levels limited?
In a forest community, caterpillars eat leaves, and birds eat caterpillars. Draw an energy pyramid using this
information.
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11.5 Producers
•
•
•
•

Explain where all the energy in an ecosystem originates.
Define photosynthesis and chemosynthesis.
Describe how energy enters an ecosystem.
Explain the role of a producer.
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Where does all the bear’s energy come from?
Bears get their energy from their food. Brown bears eat a varied diet, from nuts and berries to fish and other animals.
When bears eat a berry, they are obtaining energy that the plant originally captured from the sun. Even when a bear
eats another animal, the energy in that animal ultimately came from eating a producer that captured the sun’s energy.

Producers

Energy is the ability to do work. In organisms, this work can be physical work, like walking or jumping, or it can
be the work used to carry out the chemical processes in their cells. Every biochemical reaction that occurs in an
organism’s cells needs energy. All organisms need a constant supply of energy to stay alive.
Some organisms can get the energy directly from the sun. Other organisms get their energy from other organisms.
Through predator-prey relationships, the energy of one organism is passed on to another. Energy is constantly
flowing through a community. With just a few exceptions, all life on Earth depends on the sun’s energy for survival.
The energy of the sun is first captured by producers (Figure below), organisms that can make their own food. Many
producers make their own food through the process of photosynthesis. The "food" the producers make is the sugar,
glucose. Producers make food for the rest of the ecosystem. As energy is not recycled, energy must consistently
be captured by producers. This energy is then passed on to the organisms that eat the producers, and then to the
organisms that eat those organisms, and so on.
Recall that the only required ingredients needed for photosynthesis are sunlight, carbon dioxide (CO2 ), and water (H2 O). From these simple inorganic ingredients, photosynthetic organisms produce the carbohydrate glucose
(C6 H12 O6 ), and other complex organic compounds. Essentially, these producers are changing the energy from the
sunlight into a usable form of energy. They are also making the oxygen that we breathe. Oxygen is a waste product
of photosynthesis.
The survival of every ecosystem is dependent on the producers. Without producers capturing the energy from
the sun and turning it into glucose, an ecosystem could not exist. On land, plants are the dominant producers.
Phytoplankton, tiny photosynthetic organisms, are the most common producers in the oceans and lakes. Algae,
which is the green layer you might see floating on a pond, are an example of phytoplankton.
There are also bacteria that use chemical processes to produce food. They get their energy from sources other than
the sun, but they are still called producers. This process is known as chemosynthesis, and is common in ecosystems
without sunlight, such as certain marine ecosystems.

FIGURE 11.9
Producers include (a) plants, (b) algae, and (c) diatoms.
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Summary

• With just a few exceptions, all life on Earth depends on the sun’s energy for survival.
• Producers make food for the rest of the ecosystem through the process of photosynthesis, where the energy of
the sun is used to convert carbon dioxide and water into glucose.
Explore More

Use the resource below to answer the questions that follow.
• Producers and Consumers at http://www.youtube.com/watch?v=P0a97kS_3SA (1:59)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57333

1. Can producers function without sunlight? Why or why not?
2. What are some examples of producers? Why are they called autotrophs?
3. How do some producers use sunlight to make "food"? What other resources do they require?
Review

1.
2.
3.
4.

Where does all the "food" in an ecosystem ultimately come from?
What is the most common method of producing energy for an ecosystem? What is the energy that is made?
What "ingredients" are needed for the process of photosynthesis?
Why are producers important to an ecosystem?
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11.6 Consumers and Decomposers
• Explain the roles of consumers and decomposers in an ecosystem.
• Distinguish herbivores from carnivores and omnivores.
• Classify organisms on the basis of how they obtain energy and describe examples of each.

What is breaking down this leaf?
Notice how this leaf is slowly being broken down. This process can be carried out by fungi and bacteria on the
ground. Breaking down old leaves is an important process since it releases the nutrients in the dead leaves back into
the soil for living plants to use.
Consumers and Decomposers

Recall that producers make their own food through photosynthesis. But many organisms are not producers and
cannot make their own food. So how do these organisms obtain their energy? They must get their energy from
other organisms. They must eat other organisms, or obtain their energy from these organisms some other way. The
organisms that obtain their energy from other organisms are called consumers. All animals are consumers, and
they eat other organisms. Fungi and many protists and bacteria are also consumers. But, whereas animals eat other
organisms, fungi, protists, and bacteria "consume" organisms through different methods.
The consumers can be placed into different groups, depending on what they consume.
• Herbivores are animals that eat producers to get energy. For example, rabbits and deer are herbivores that
eat plants. The caterpillar pictured below (Figure below) is a herbivore. Animals that eat phytoplankton in
aquatic environments are also herbivores.
• Carnivores feed on animals, either herbivores or other carnivores. Snakes that eat mice are carnivores. Hawks
that eat snakes are also carnivores (Figure below).
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• Omnivores eat both producers and consumers. Most people are omnivores, since they eat fruits, vegetables,
and grains from plants, and also meat and dairy products from animals. Dogs, bears, and raccoons are also
omnivores.

FIGURE 11.10
Examples of consumers are caterpillars
(herbivores) and hawks (carnivore).

Decomposers and Stability

Decomposers (Figure below) get nutrients and energy by breaking down dead organisms and animal wastes. Through
this process, decomposers release nutrients, such as carbon and nitrogen, back into the environment. These nutrients
are recycled back into the ecosystem so that the producers can use them. They are passed to other organisms when
they are eaten or consumed. Many of these nutrients are recycled back into the soil, so they can be taken up by the
roots of plants.
The stability of an ecosystem depends on the actions of the decomposers. Examples of decomposers include
mushrooms on a decaying log. Bacteria in the soil are also decomposers. Imagine what would happen if there
were no decomposers. Wastes and the remains of dead organisms would pile up and the nutrients within the waste
and dead organisms would not be released back into the ecosystem. Producers would not have enough nutrients. The
carbon and nitrogen necessary to build organic compounds, and then cells, allowing an organism to grow, would be
insufficient. Other nutrients necessary for an organism to function properly would also not be sufficient. Essentially,
many organisms could not exist.

FIGURE 11.11
Examples of decomposers are (a) bacteria and (b) fungi.
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Summary

• Consumers must obtain their nutrients and energy by eating other organisms.
• Decomposers break down animal remains and wastes to get energy.
• Decomposers are essential for the stability and survival of an ecosystem.
Explore More

Use the resource below to answer the questions that follow.
• Decomposers at http://www.youtube.com/watch?v=Z6V0a_7N1Mw (3:19)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57309

1. What is the role of decomposers in an ecosystem? What is the source of the matter which is decomposed?
2. How do the actions of earthworms improve soil quality? How does this impact the amount of biomass an
ecosystem can support?
3. How do gastropods function as decomposers?
Review

1.
2.
3.
4.
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What is a consumer?
What’s the term for a consumer that eats both leaves and fish?
What are the different types of consumers?
Why are decomposers important in the ecosystem?
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11.7 Competition
•
•
•
•

Describe competition.
Describe how competition affects the community.
Compare intraspecific competition to interspecific competition.
Summarize the competitive exclusion principle.

What does it mean to compete?
If you are in competition with someone, it usually means you are in a contest for a prize. The prize might just be
bragging rights. In nature, the stakes are higher. Organisms must compete for resources necessary for life.

Competition

Recall that ecology is the study of how living organisms interact with each other and with their environment. But
how do organisms interact with each other? Organisms interact with each other through various mechanisms, one
of which is competition. Competition occurs when organisms strive for limited resources. Competition can be for
food, water, light, or space. This interaction can be between organisms of the same species (intraspecific) or between
organisms of different species (interspecific).
Intraspecific competition happens when members of the same species compete for the same resources. For
example, two trees may grow close together and compete for light. One may out-compete the other by growing
taller to get more available light. As members of the same species are usually genetically different, they have
different characteristics, and in this example, one tree grows taller than the other. The organism that is better adapted
to that environment is better able to survive. The other organism may not survive. In this example, it is the taller tree
that is better adapted to the environment.
Interspecific competition happens when individuals of different species strive for a limited resource in the same
area. Since any two species have different traits, one species will be able to out-compete the other. One species
will be better adapted to its environment, and essentially "win" the competition. The other species will have lower
reproductive success and lower population growth, resulting in a lower survival rate. For example, cheetahs and
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lions feed on similar prey. If prey is limited, then lions may catch more prey than cheetahs. This will force the
cheetahs to either leave the area or suffer a decrease in population.
Looking at different types of competition, ecologists developed the competitive exclusion principle. The principle
states that species less suited to compete for resources will either adapt, move from the area, or die out. In order
for two species within the same area to coexist, they may adapt by developing different specializations. This is
known as character displacement. An example of character displacement is when different birds adapt to eating
different types of food. They can develop different types of bills, like Darwin’s Finches ( Figure 11.12). Therefore,
competition for resources within and between species plays an important role in evolution through natural selection.

FIGURE 11.12
An example of character displacement,
showing different types of bill for eating
different types of foods, in Darwin’s or
Galapagos Finches.

Summary

• Competition, or when organisms strive for limited resources, can be between organisms of the same species
(intraspecific) or organisms of different species (interspecific).
• In order for two species within the same area to coexist, they may develop different specializations; this is
known as character displacement.

Explore More

Use the resource below to answer the questions that follow.
Anemones Attack at http://shapeoflife.org/video/behavior/cnidarians-anemones-fight (2:49)
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57317

1. What sort of competition are these anemones displaying?
2. Looking at the size of the sea anemones in this video, are you surprised by the amount of space they they feel
they need? Explain your answer.
3. What must be true about the costs in energy of anemone fighting? What would happen to the population if
this were not the case?
Review

1.
2.
3.
4.

What is the difference between intraspecific and interspecific competition?
What is the competitive exclusion principle?
How can competition contribute to evolution through natural selection?
What has to be true about available resources for competition to exist?
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11.8 Symbiosis
• Define symbiosis.
• Distinguish mutualism from commensalism and parasitism.
• Give examples of the different kinds of symbiosis.

Is this little fish about to become lunch?
Actually, this big fish is not opening his mouth to munch on these little fish. He is opening his mouth to get his teeth
cleaned! These small fish eat dead skin and parasites from his body. Both types of fish benefit from this relationship.
Symbiosis

Symbiosis describes a close and long-term relationship between different species. At least one species will benefit
in a symbiotic relationship. These relationships are often necessary for the survival of one or both organisms. There
are three types of symbiotic relationships: mutualism, communalism, and parasitism.
• Mutualism is a symbiotic relationship in which both species benefit.
• Commensalism is a symbiotic relationship in which one species benefits while the other is not affected.
• Parasitism is a symbiotic relationship in which the parasitic species benefits while the host species is harmed.
An example of a mutualistic relationship is between herbivores (plant-eaters) and the bacteria that live in their
intestines. The bacteria get a place to live. Meanwhile, the bacteria help the herbivore digest food. Both species
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benefit, so this is a mutualistic relationship. The clownfish and the sea anemones also have a mutualistic relationship.
The clownfish protects the anemone from anemone-eating fish, and the stinging tentacles of the anemone protect the
clownfish from predators (Figure below). Another example of this type of symbiotic relationship is the relationship
between the plover bird and the African crocodile. The tiny blackbird acts as a toothpick for the fierce crocodile,
and helps by removing tiny morsels of food that are stuck between the crocodile’s teeth. These food remains are
the source of food for the bird. Another example is between the ostrich and the zebra. The ostrich always moves
with the herd of zebras since it has a poor sense of hearing and smell, whereas the zebra has very sharp senses. The
ostrich has a keen sense of sight, which the zebra lacks. Hence, these two species depend on each other to warn one
another of any nearby imposing dangers.
Commensal relationships may involve an organism using another for transportation or housing. For example, spiders
build their webs on trees. The spider gets to live in the tree, but the tree is unaffected. Other commensal relationships
exist between cattle egrets and livestock. Cattle egrets are mostly found in meadows and grasslands are always seen
near cattle, horses and other livestock. These birds feed on the insects that come out of the field due to the movement
of the animals. They even eat ticks, fleas, and other insects off the back of animals. The relationship between tigers
and golden jackals is also commensalism. The jackal alerts the tiger to a kill and feeds on the remains of the prey
left by the tiger. This is not a mutualistic relationship as the tiger does not provide anything to the jackal.
Parasites may live either inside or on the surface of their host. An example of a parasite is a hookworm. Hookworms
are roundworms that affect the small intestine and lungs of a host organism. They live inside of humans and cause
them pain. However, the hookworms must live inside of a host in order to survive. Parasites may even kill the
host they live on, but then they also kill their host organism, so this is rare. Parasites are found in animals, plants,
and fungi. Hookworms are common in the moist tropic and subtropic regions. There is very little risk of getting a
parasite in industrialized nations.

FIGURE 11.13
Clownfish in a sea anemone.

Summary

• Symbiosis describes a close and long-term interaction between different species.
• In a mutualism, both species benefit; in a commensalism, one species benefits while the other is not affected.
• In a parasitism, the parasitic species benefits, while the host species is harmed.
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Explore More

Use the resource below to answer the questions that follow.
• Symbiosis: Mutualism, Commensalsim and Parasitism at http://www.youtube.com/watch?v=zSmL2F1t8
1Q (5:17)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57339

1.
2.
3.
4.
5.

What defines a symbiotic relationship?
Is the benefit gained by each individual in a mutualistic relationship equal?
What could a mutualistic relationship, in which one organism receives little benefit, also be called?
What type of relationship exists between the clownfish and the sea anemone?
What are the two explanations for where a clownfish’s protective mucus comes from?

Review

1.
2.
3.
4.
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What is symbiosis?
Distinguish between mutualism and commensalism.
Describe an example of a symbiotic relationship.
What’s an example of a parasite?
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C ONCEPT

12

What are Biomes?

• Define biome and describe how they are classified.
• Explain what determines the differences among biomes.
• Distinguish terrestrial biomes from aquatic biomes.

Where was this picture taken?
This scene is from Anza-Borrago California Desert Park. However, deserts exist around the globe. You might find a
similar picture of a desert in Africa. The desert is one type of biome.
What are Biomes?

Tropical rainforests and deserts are two familiar types of biomes. A biome is an area with similar populations of
organisms. This can easily be seen with a community of plants and animals. Remember that a community is all
of the populations of different species that live in the same area and interact with one another. Different biomes,
such as a forest ( Figure 12.1) or a desert, obviously have different communities of plants and animals. How are the
plants and animals different in the rainforest than those in the desert? Why do you think they are so different?
The differences in the biomes are due to differences in the abiotic factors, especially climate. Climate is the
typical weather in an area over a long period of time. The climate includes the amount of rainfall and the average
temperature in the region. Obviously, the climate in the desert is much different than the climate in the rainforest.
As a result, different types of plants and animals live in each biome.
There are two major groups of biomes:
1. Terrestrial biomes, which are land-based, such as deserts and forests.
2. Aquatic biomes, which are water-based, such as ponds and lakes.
The abiotic factors, such as the amount of rainfall and the temperature, are going to influence other abiotic factors,
such as the quality of the soil. This, in turn, is going to influence the plants that migrate into the ecosystem and thrive
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FIGURE 12.1
Tropical rainforest landscape in Hawaii.
Notice how the plants are different from
those in the desert.

in that biome. Recall that migration is the movement of an organism into or out of a population. It can also refer
to a whole new species moving into a habitat (the place most suitable for an organism to live). The type of plants
that live in a biome are going to attract a certain type of animal to that habitat. It is the interaction of the abiotic
and biotic factors that describe a biome and ecosystem. In aquatic biomes, abiotic factors such as salt, sunlight and
temperature play significant roles.
For example, a hot dry biome is going to be completely different from a moderate wet biome. The soil quality will be
different. Together, these will result in different plants being able to occupy each biome. Different plants will attract
different animals (herbivores) to eat these plants. These animals, in turn, will attract different (carnivores) animals
to eat the herbivores. So it is the abiotic factors that determine the biotic factors of an ecosystem, and together these
define the biome.

TABLE 12.1: Biome Characteristics
Biomes
Desert

Climate/Abiotic Factors
Deserts receive little precipitation.
May experience large temperature
variation in the course of a day
Some deserts are cooler and may
experience freezing temperatures.

Characteristics
Hot and dry deserts can be found
in Africa and southern California. Cold deserts can be found in
Antarctica and Greenland. Deserts
are areas where there is little vegetation.
Plants: Hot desert plants include
cactus, and plants with deep roots.
Cold deserts include sagebrush and
deciduous plants.
Animals: Jack rabbits, kangaroo
rats, Gila monsters, grasshopper
mice, squirrels, and antelope.
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TABLE 12.1: (continued)
Coniferous Forest

Long winters
Short summers that are mild and
wet

Deciduous Forest

These forests receive enough rain to
sustain a large variety of producers
The winters and summers are mild.

Tropical Rain Forest

The abundance of rain in this forest
supports the most diverse populations on the planet.
This forest has warm temperatures
year round.

Tundra

This biome is usually found above
the level where trees can grow.
The temperature remains cold year
round. It is very cold in the winter
and cool in the summer.

Grassland (Savanna and Prairie)

Grasslands have wet and dry seasons.

Estuary

The salt concentration in estuaries
changes constantly. Organisms in
this biome must be able to survive
in fresh or salt water.
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Coniferous forests consists of
conifers with long, needle shaped
leaves. These plants do not lose
their leaves as deciduous plants do
in autumn.
Plants: Pine trees and fur trees
Animals: Moose, chipmunks, porcupine and deer
This forest is comprised of trees
that lose their leaves in autumn to
conserve water.
Plants:
grasses, herbs, ferns,
mosses, and flowering plants
Animals: bears, rabbits, wolves,
foxes, deer, mountain lions
The tropical rain forest contains
many species of trees and animals.
Many animals live in the canopy
created by the tops of trees.
Plants: trees, vines, flowering
plants, bromeliads, mosses, ferns
Animals: insects, birds, mammals
(including bats)
The arctic tundra has a permafrost
layer. This layer is permanently
frozen and does not permit trees to
grow.
Plants: shallow-rooted plants, small
shrubs and grasses
Animals: oxen, wolves, and caribou
This biome is populated mostly by
grasses. A savanna is more tropical
and contains some trees. Grasses
are deeply rooted and can survive
long periods without rain.
Plants: grasses; some trees in the
savanna
Animals: lions, zebra, hyenas,
wildebeests
Where freshwater runoff and ocean
water meet.
Plants: Many aquatic plants such as
mangroves and pickle weed.
Animals: Clams, shrimp, a variety
of fish such as carp, birds such as
heron and egrets.
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TABLE 12.1: (continued)
Fresh Water

Marine

This biome includes waters that
move such as streams, rivers, and
waterfalls, but also stagnant (still)
waters such as lakes.
Wetlands, marshes and swamps are
also fresh water environments that
provide homes for a variety of
plants and animals.
The marine biome ranges from
shallow beaches to deep ocean
trenches. At different depths, a
variety of abiotic (nonliving) and
biotic (living) factors can be found.

Lakes, ponds, rivers, and streams.
Plants: algae and aquatic plants
such as cattails, reeds, and water
lilies.
Animals: Many fish, birds, insects,
crustaceans, and amphibians.

Salty aquatic environment.
Plants: algae, kelp, and phytoplankton
Animals: fish, mollusks, whales,
crustaceans, sponges, and cnidarians.

• A biome is an area with similar climate that includes similar communities of plants and animals.
• Climate influences the types of plants and animals that inhabit a specific biome.
Explore More

Use the resources below to answer the questions that follow.
• Biomes at http://www.youtube.com/watch?v=ag5ATGEplbU (7:50)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57311

1.
2.
3.
4.
5.

Where do tundra biomes primarily occur? How much precipitation do these areas see annually?
What areas are best known for having Taiga biomes? What is the temperature range this biome experiences?
What is a behavioral adaptation that animals in desert biomes display?
List three characteristics of the rainforest.
How do the animals of a grassland adapt? Give two examples of animals of the grassland.

Vocabulary

•
•
•
•
•

biome
community
abiotic factors
climate
terrestrial biomes
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•
•
•
•
•
•

aquatic biomes
migration
habitat
deciduous
permafrost
stagnant
biotic factors

Review

1.
2.
3.
4.

What is a biome?
What causes differences in the biomes?
Give two examples of terrestrial biomes.
What influence does the soil quality have on a biome?
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