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Introduction to the Laboratory
Required reading – All students should read before doing any of the labs.

Instructions for this laboratory manual
Over the course of your study of biology this schoolyear, you will be performing lab experiments to supplement your
textbook readings. (The word “lab” is a common and accepted abbreviation for “laboratory”). Book knowledge is
completed by hands-on, sense knowledge.
This lab manual is also divided into two parts
Because the textbook itself is divided into two parts, so is this laboratory manual, each part corresponding to the two
parts of the textbook.
For each part of the textbook, complete the required labs
Thus, for each part of the textbook, we suggest you complete these labs:
•
•

four mini labs
and one capstone lab

Thus, for Part One, you would complete four mini labs and one capstone lab. If you are also reading Part Two of the
textbook, you will complete four more mini labs and one more capstone lab.
What are mini labs and capstone labs?
The mini labs are shorter labs, designed for you to be able to complete using materials that can all be found at home or
easily obtained at your local stores. The materials required for each lab are listed in a box near the beginning of the
lab; it is a good idea to read this first and make sure you have what you will need before choosing a certain lab.
A capstone lab is a longer and more complex lab. Each capstone lab will require you to purchase or borrow some
specialized tools such as a microscope or a dissection kit, and so on. The capstone labs are labelled clearly as such,
such as, “Frog Dissection (CAPSTONE LAB).”
There are more labs in this lab manual than you will be required to complete: You have a choice!
We have tried to give you (or your parent/teacher/school) choices when it comes to which labs you wish to complete.
For example, for Part One, there are roughly two dozen mini labs to choose from. As for the capstone labs, there are
two choices: a frog dissection (actual or virtual) or a lab to investigate from whence plants get their mass.
For Part Two, there are roughly one dozen mini labs to choose from and four capstone labs.
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Complete a lab report as soon as you finish a lab
Similar to completing the exercises for each lesson in the textbook, there is a short lab report required for each lab you
complete. This shows that you have understood what was required and that you actually performed the work.
The lab reports can be found in the laboratory exercises manual.

Overview
In this lab course you are going to be an active participant in the same fundamental work that enabled centuries of
biologists to contribute to our current knowledge of the natures and activities of living things. To see what we mean,
we begin with an example taken from our biology textbook (described below). After reading that section in the book,
you will learn that the theory of spontaneous generation – that living things can emerge from nonliving matter by
natural causes – is false. On the contrary, living things are reproduced by other living things of the same kind: like
generates like. Nowadays, you can read this fact in a book, and thus come to know it through the communication of
information. But that was not always the case; someone first had to discover this fact, using the information that was
available to his own senses. In this example, that person was biologist Louis Pasteur:

Louis Pasteur debunked the theory of spontaneous generation in the 1860s. Knowing that extreme heat kills
most microbes, he boiled a flask of water to kill all the microbes in it. At the top of the flask was a curved tube
made such that any microbe would be trapped in it and not make it into the water, while at the same time air
would be allowed to touch the water. He then let the water cool and sit for many days, but no microorganisms
appeared in the water. But when he tipped the tube so as to let any trapped microbes fall into the water, they
immediately started growing in the water. This showed that the microorganisms already in the air were the
source of those growing on other things; in other words, they were reproducing, and people were observing
their offspring.1
We can infer many things from this passage about the way new information about nature is discovered, or brought to
our knowledge, through the practice of biological science. First, Louis Pasteur had an aim to this experiment. The
complexity of the process shows that it was designed for a particular end: to test the theory of spontaneous generation
against what happened in reality. To do this, he set up carefully controlled conditions in which the effect proposed by
this theory – life appearing where there were only nonliving materials before – could be tested for without confusion.
Specifically, Pasteur had to ensure that there was no already existing life in the water he was using for inanimate
material. Otherwise, the reproduction of very small but pre-existing living things might look to the observer like
spontaneous generation.
To set up these conditions, Pasteur used his existing knowledge that heat kills these microscopic living things, to
eliminate any existing life in the water by boiling it. Then, he carefully kept the conditions of this experiment under
control by using a curved tube that would not allow any microbes from the air to enter the water. After a few days had
passed with the materials in this condition, Pasteur made an observation of the water he had prepared: were there any
observable signs of life in the water? Any changes of color or smell that would indicate the presence of microbes?
Not finding any of these, he documented these observations and moved on to the next part of his experiment.
Next, Louis Pasteur performed one more step to provide him with additional evidence or data – sensible information
– that would enable him to make a sounder conclusion. In a way he was addressing some of the possible objections
1

Biology: A Traditional Catholic Perspective Part Two, Lesson 16.
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before concluding that the theory of spontaneous generation was false. To prevent others from questioning, for
example, whether this particular water contained something toxic to any emergent life, Pasteur opened the flask to
allow microbes from the air to settle in the water. He returned to observe this water, and sure enough, there were signs
of living things growing in the water. In this way, Louis Pasteur demonstrated with a good amount of certainty and
rigor that life could not naturally arise from nonliving materials, but only be generated by existing living things.
A scientific method for biology
Pasteur’s experiment gives us a general idea of the way knowledge is first obtained in the science of biology – or any
other science. When you acquire information through an experiment, you are using what you already know and what
you can observe to make a reasonable claim about the way things work in nature. But why, you might ask, is it not
enough to simply observe the natural environment as it is by going outside and taking notes on what you see? This is
in fact a valuable contribution to biological science, commonly referred to as naturalistic (or field) science. But the
reality is that conditions in nature are often very complex, and there are so many interactions between living things and
their environment that it can be difficult to trace effects back to their causes. The purpose of experimental science,
then, is essentially to simplify the conditions in which something is observed. As a result, conclusions about laws and
causes in nature can be made with more certainty that they are true.
Therefore, laboratory science is generally going to follow a pattern that looks like this:
1) You have a specific aim or purpose, something you want to know within biology, that you are going to state
at the outset of the experiment. This is more precise than a general why question, and often refers to a cause
or relationship: Can life emerge naturally from non-life? Do plants obtain their mass from the soil? Does
this newly discovered microbe require oxygen to live?
2) You use what you already know about the subject of your question, to design an experiment that will control
the conditions of this living thing or life process well enough to answer your question without objection or
uncertainty. I need to make sure there is no pre-existing life in this inanimate water. I need to know the mass
of the soil before and after the plant grows in it. I need to set up conditions without oxygen to test this
microbe’s ability to survive.
3) You make an even more specific question or prediction called the hypothesis that will fulfill your goal
within the context and limitations of your own experiment. Will microbes grow in water that had no microbes
living in it before? The mass gained by the plant will be equal to the mass lost by the soil. If the microbes
die without oxygen, this means they need oxygen to live.
4) You carry out the method or sequence of the experiment you designed, carefully enough to keep your
conditions well controlled. You thoroughly document what you did in order to review and describe it later
on. I boiled the water and left it in a flask that no microbes could enter from the air. I measured the mass of
a pot of soil and a seed, then planted the seed in the soil. I placed microbes of one like kind into a jar with
all the oxygen taken out of the air in it.
5) When the experiment is finished, you make a detailed observation about the effects of your experiment,
connected to the question you wanted to answer. No microbes grew in the water. The mass gained by the
plant was much greater than the mass lost by the soil. The microbes survived and grew in the jar without
oxygen.
6) You use the information from what you observed to make a conclusion that answers the aim of your
experiment. Life cannot emerge naturally from non-life. Plants do not obtain most of their mass from the
soil. This kind of microbe can live without oxygen.
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In this biology lab book, sometimes a few of these steps will be outlined for you– the aim of the experiment, or the
essential parts of the method – and others you will have the opportunity to design for yourself. You will revisit this
scientific method in the next introductory lab, which will show you how to write a lab report.

Tools of the biology laboratory
A good experiment requires suitable tools which will help you to control the conditions of your experiment and aid
you in observing the subject of the experiment. Some parts of an experiment are commonly available things that you
already use or encounter in your daily life: plants and animals, water, soil, light, minerals, glassware, heat, etc. We
have tried to set up as many experiments as possible in this book for you to be able to complete them without needing
to purchase specialized tools. However, there are some tools which are specially designed for biology experiments, in
order to answer more complex questions or observe things that are not immediately sensible to us. Next, you will learn
about some common tools, how they work and what they are used for. You will be introduced to other tools throughout
this lab course as they relate to your experiments.
Microscope
The microscope was invented in
the late 16th century; and soon
afterward biologists, such as
Robert Hooke and Antonie van
Leeuwenhoek, began using it to
observe the kinds of life that are
not visible to the unaided eye.
The existence of microbes or
microscopic living things –
bacteria, viruses, some fungi,
etc. – could be inferred before
by their effects. Food spoiled,
diseases were spread, and so on.
And so, people were fairly
certain that these forms of life
existed even though they could
not see them.
At the same time, to be able to
see and observe microbes
directly for the first time, as well
as the cells of higher animals
and plants, was a tremendous
Figure 1.1: The parts of a microscope.
benefit to the study of biology.
With the microscope it became
Thebiologyprimer / CCO (https://creativecommons.org/publicdomain/zero/1.0/deed.en)
possible to observe firsthand the
https://commons.wikimedia.org/wiki/File:Parts_of_a_Microscope_(english).png
living things (or parts and
structures of living things) that
were too small to otherwise be
seen. The microscope introduced biologists to a whole new world of unobserved living species that had existed
All rights reserved © 2018-2022 Christ the King Books
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alongside us throughout history. The existence of microscopic life is a good reminder to the empirical2 world of science
that just because something is not immediately sensible does not mean that it doesn’t exist.
It is a good idea to be familiar with the major parts of the microscope as shown in the figure. If you are able to access
a microscope, you will have the opportunity to use it later in this course.
Other tools of microbiology
Because microscopic living things are so different from our everyday experience with higher animals and plants that
we can observe, you will find the most specialized tools in the world of microbiology: biology which focuses on
microbes. Specialized glassware and nutrient broths and gels – not unlike the tools used by Louis Pasteur – are
frequently used when working with microbes and cells. You will also find metal rods and loops to transfer small heaps
of microbes from one place to another, and small burners to heat liquids or kill microbes. Certain dyes help to identify
microbes by color or help to visualize their structure under a microscope.

Safety in the lab!
This is critical – you could easily injure yourself or others if you do not follow safety protocols in the lab!
The practice of lab science sometimes requires the use of sharp tools, live organisms, or chemicals that can be harmful
if they get into your eyes, mouth, or skin. If you have a teacher, follow the instructions given and under
supervision. Always have an adult nearby when performing your lab experiments.
You should always be careful when working with dangerous tools, and wash your hands after touching animals, soil,
insects or microbes. All the labs in this book have been designed to be reasonably safe assuming the instructions are
followed properly. If a lab includes a safety warning – such as the need for disposable gloves, safety glasses, or adult
supervision – make sure to follow it carefully. This is going to be especially important if you choose a dissection or
microbiology lab for one of your capstone labs.
After you finish a lab, you may want to experiment further with different materials or conditions. This is a good attitude
for lifelong learning, but it is very important to recognize that substituting a different chemical, temperature, species,
etc., has the potential to be more dangerous than the lab conditions and instructions we have specified. Substituting
the wrong thing has the risk of causing harm to yourself or another person. Before you plan out any experiment with
unfamiliar tools and materials – especially when sharp tools, heat, chemicals, and microbes are involved – you must
do thorough research on the things you want to use. If you learn that something poses a moderate risk, we strongly
recommend that you ask for adult supervision and advice. If something seems hazardous, you should avoid it
altogether.

2

empirical: Relating to information obtained through the senses and direct experience.
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How to Write a Lab Report
Required reading-- All students should read before doing any of the labs.

Overview
As you will see throughout your study of biology, the experiments of biologists have contributed much to our
knowledge of biology. The information obtained in those experiments has been passed down and shared with you
through your biology textbook. This would not have been possible unless the authors of those experiments took
thorough notes about the work that they did and the results they obtained. This, then, is the purpose of the lab report.
It is true that one could take any sort of notes about an experiment with enough detail, and that would provide the
necessary information to future students. However, recall the general sequence which every good experiment follows:
•

A starting aim: what you want to know

•

A design based on the conditions you can control

•

A question the experiment will answer directly

•

A method or series of steps of the experiment

•

Observation of the results

•

A conclusion based on the results which fulfills the aim

The purpose of a set style for your lab report, then, is to organize your notes according to the sequence of an experiment.
This allows you to reference your experiment as you work: for example, revisiting your question when making your
observation, or reviewing your aim while writing your conclusion. Documenting your experiment in this orderly
manner would also enable you, or someone else, to repeat your experiment with the confidence that it is being done
the same as before. Thus, you will complete each lab report according to the format described in this lesson.

Aim
In the first section of your lab report, you will describe the overall aim or broader question you are trying to fulfill
through your experiment. This might only be one sentence or a few sentences. For the example in this book, we will
use Pasteur’s experiment again.
Is the theory of spontaneous generation true? Namely, can life emerge from nonliving building blocks through a power
of nature?

Design
Next, you will use the information you know and the tools that are available to you to plan out a set of controlled
conditions that will enable you to complete this aim. You will consider how you can simplify the conditions of your
investigation, to limit the influence of various causes to the one you are observing. The idea is to prevent additional
variation – random, complex, and less observable factors – from introducing uncertainty into your conclusion about
what is happening in nature.
All rights reserved © 2018-2022 Christ the King Books
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Note that in this lab course, some of this will have been done for you in order to provide you with a list of the tools
that you will need. It may make more sense for you to write the section as you go through your experiment – putting it
in present tense (I am…) or future tense (I will…) – or you can write the entire lab report in past tense (I did…) as if
this step had already occurred. Sometimes lab reports are written in the third person rather than the first person (I)
perspective, for example: The plant was weighed and placed in the soil. This decision is up to you, but do be consistent.
Also note that in this design summary, you need not go into the detail – just give the reader the “big picture” of your
experiment. There will be plenty of room for details in the “Method” section below.
To water, I added the nutrients necessary for life, because I will be testing for the presence of living things. I ensured
that this water had no existing microscopic life in it, because I want to see whether life can grow out of non -life. I
prevented additional microbes from entering the water through the air, to make sure that the only potential origin of
life in the water is the nonliving air, water, and nutrients.

Hypothesis
Next, you will make a hypothesis: a very specific question or prediction that helps to answer your aim in a way that
can be directly demonstrated by your experiment. This may be in the form of a question, an “if-then” statement, or a
reasonable prediction based on what you already know. This will usually be only one sentence.
No living things will grow in the water that has been boiled and closed off from microbes in the air.

Method
The method which follows is a detailed, step-by-step sequence of what you did in your experiment. This should be
written as if you were providing instructions so that your experiment could be repeated by somebody else, exactly as
you did it. This is often the longest part of your lab report. Depending on the length and complexity of your
experiment, one paragraph is often not enough. Feel free also to use drawings / sketches to make your point. Again,
the principle here is to give whatever information required so that your reader both understands and could repeat just
what you did.
I placed a small piece of chicken meat into water, and cut it into small pieces, thinking that would expose t he most
surface area to the water. I then strained the fluid through a coffee filter, and poured that “meat water” into a
specialized flask with a curved tube that would keep out any microbes from the air. I then boiled it for five minutes in
order to kill any existing microbes in it.
I left the water in a place with dim light for one month. Every few days or so, I checked for signs of microscopic life:
cloudiness, change of color, or smell.
After this period of one month, I tipped the flask to al low the fluid to be exposed to the atmosphere of the room, so
that microbes in the air might enter the fluid. I left the fluid exposed for about 3 hours.
I let the fluid sit for two more days, then checked again for signs of microscopic life.

Observation or Results
Next, you will carefully observe your experiment and document what has happened. This might be done at multiple
stages throughout your experiment, as in the example of Pasteur’s experiment. The most important observations to
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make are those which accurately and directly answer your hypothesis. However, it is good to add any other important
observations, especially if something unexpected or interesting has happened.
There were no signs of life in the original boiled fluid after one month. Two days after the flask was exposed to the
air, the fluid became cloudy, demonstrating that microbes were growing in it.

Conclusion
Finally, you will use what you learned in your observation to make a definitive answer to your original aim or research
question. You are using your reason to draw a sound conclusion from the way your observation either confirmed or
refuted your hypothesis. It is fine if the experiment did not go according to your predictions! If so, welcome to the
world of science! Failures can be very valuable by providing very useful reference information, ruling out possibilities,
and providing ideas for a future experiment.
Be honest and simply say it if your experiment failed. Unless you were obviously careless or thoughtless in your design or method
of execution, the grade your teacher assigns will probably not be lowered by failure.

Here is the conclusion we might well assign for this particular experiment:
The theory of spontaneous generation is incorrect. Life does not emerge from nonliving building blocks through a
power inherent in nature.

Some final notes
In practice not every experiment is going to follow this exact sequence. You may not have a specific question to answer,
but rather wish to know more in general about a structure or life function. It may be the case that you cannot really
make a prediction beforehand, and thus your hypothesis will only be in the form of a question. Especially in some mini
labs, there will be more “thought experiments” than hands-on work, and thus your design and method sections are
going to look quite different. At the conclusion of each lab, we will guide you through the lab report writing process
for that particular lab.

All rights reserved © 2018-2022 Christ the King Books
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Lab 7: Balance (and learning about averages) (Mini Lab)
This lab is best completed with a group of at least 5 students – this can be done virtually/remotely if each student
has a copy of this lab. This lab utilizes mild physical activity, and it requires a basic level of fitness to be
completed safely. For each of the two parts of the textbook, you will need to complete four mini labs and one
capstone lab.

Overview
In this lab you will be gathering information about
common processes in the human body while
learning to work with common forms of statistics
(math) used in the science of biology. As you will
cover later in your biology course – but you may
already know through your reason and experience –
one must be extremely cautious when doing
experiments involving human beings. Man is made
in the image of God, with a rational soul and the
capacity (and responsibility) to act according to the
moral good. It is always wrong to perform scientific
methods on the human person that inflict harm,
indignity or death. Human genetic engineering and
experiments on the unborn human being (embryo)
are just some examples of scientific work that are
morally unacceptable.

⚠ Safety – Read this first
•

You will need to use your good judgment to prevent
injury in this lab. If you feel like falling,
immediately put your foot down and regain your
balance – just like you would in your daily life. Do
not feel that you have to push yourself to continue;
this is just a learning experience, and your safety is
more important.

Required materials for this lab

That being said, this lab is safe and harmless when
• Stopwatch
done properly according to the instructions. You
will have the opportunity to learn more about a life
process you experience every day, perhaps without
realizing it. At the same time, you will be practicing some basic calculations that are commonly used in scientific
experiments. Having these statistics – calculations such as the average, median and standard deviation – make the
observation or results section of your lab report easier to write. You can represent a lot of information in a single
number or graph, that makes sense to the person who is reading it and is familiar with the math involved.
This lab is one of multiple that enable you to study human life and experience, and you can complete more than one
lab if you are interested. Ideally, you should find at least five people who are willing to complete this lab with you so
that you have additional results to calculate with yours. It can be a fun opportunity to learn and compare results as
everyone is different!

Method for this lab
In this experiment you will be performing a simple test of your brain’s ability to integrate the sense of position (the
sense organ for which is in the inner ear) and send signals to the muscles to keep you from falling over. While this is
not considered one of the five senses, it is still an incredibly important part of the way stimuli are sensed and integrated
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in order to make the activities of daily life possible. Of course, other factors such as muscle strength and athletic
experience also play a role in the outcome of this test.
Find an area with a floor, ideally carpeted, that is free from
objects that you could fall onto if you were to lose your
balance. This is still unlikely to happen as you can (and
should) stop the test to regain your footing any time you
need to.
Stand in a neutral position with two feet side by side, your
head up and your shoulders straight. Lift one foot off the
ground by bending your leg at the knee. You can hold your
arms in a relaxed position, or out on either side if you
would like. It is not recommended that you hold up your
foot with one hand. Not only does it make the test less
accurate, but it can make it more difficult for you to regain
your balance in time to keep from falling. This is what you
Figure 7.1: A recommended posture for the balance
will be doing to test your sense of balance – that was a
test experiment.
practice round – and you will be using a stopwatch to see
how long you can maintain your balance. The goal is to
Khp1989 / CC BY-SA 3.0
remain standing on one leg as long as possible – but not to
(https://creativecommons.org/licenses/by-sa/3.0)
the point of falling, which you ought to try to avoid (for
https://commons.wikimedia.org/wiki/File:Leg_Stand.jpg
safety reasons). If you really begin to lose your balance –
for example, if you have to start swinging your arms – put
your other foot back down on the ground and regain a good stance. This will constitute the end of a test, and the
stopwatch will be stopped. (It would also be stopped if you were to lose your balance and especially if you fell, but we
ask that you try to avoid this to the best of your abilities – the time result would be the same anyway.)
Give your stopwatch to someone who is willing to assist you with this experiment. Ask him or her to start the stopwatch
when you pick up your leg, and stop the stopwatch when your foot touches the ground again (or you lose your balance).
To make the timing easier, you may agree to say ‘start’ when you pick up your foot, and ‘stop’ when you put it down.
You can also operate the stopwatch yourself, but this is not the best option as it may be less accurate while you are in
the process of moving and reacting.
Complete the first round of this test, and then write down the number of seconds you remained standing on one foot.
If your stopwatch counts fractions of seconds, even better – write these digits too. Repeat the test nine more times, and
write down the time values for those rounds as well; it is helpful to make a table.
Calculating the range and average
Now you should have ten time-values representing the amount of time you could stand on one foot for each test. But
it would be tiring to write all of these numbers down (or to read them) in the results section of a lab report. Instead,
there are some statistical formulas that you can use to represent repeated outcomes in a single number:
•

The range is the difference between the lowest and the highest value: the highest minus the lowest.

•

The mean or average is the sum of a set of number values divided by the total count of values.
All rights reserved © 2018-2022 Christ the King Books
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For example, your friend performs this test and obtains results of 9, 12, 11, 8, 10, 9, 10, 15, 7, and 13 seconds. He
knows that the highest time value was 15 seconds and the lowest was 7 (this can and should be made easier by
rearranging the values from lowest to highest). This means that the range was (15 – 7 = ) 8. To calculate the average,
he adds up all the time values to get a sum of 104, then divides by 10 (the total number of rounds). Thus, the average
time was 10.4 seconds. This is useful because it tells you approximately where most of your results sit on the number
line. It’s okay that none of the times were exactly 10.4 – it just means that they were close. Going back to the list of
time values, you can see that this is the case.
When you read and interpret an average like this – for example, in a lab report – you are assuming that the values really
are close to the average, and thus the average is a good representation of the actual results. But what if you stumbled
on the first few tries, or the person assisting you forgot to stop the stopwatch? Take a look at some sample data (number
results) sets which have already been rearranged in order from lowest to highest and calculated into these two statistics.
See if you can figure out what is wrong with them, even though they have been calculated correctly.
1, 1, 1, 1, 15, 17, 18, 18, 19, 20; range = (20 – 1) = 19, average =
6, 7, 7, 8, 8, 8, 9, 10, 10, 105; range = (105 – 6) = 99, average =

1+1+1+1+15+17+18+ 18+19+20
10

6+7+7+8+8+8+9+10+10+105
10

= 11.1

= 17.8

The problem is that the averages don’t represent the actual data very well. In the first one, the student may have had a
few false starts, followed by consistently high time values. It wouldn’t be fair to say that his average time was 11.1
seconds when his ‘good’ rounds were all higher than that. Eliminate the bad starts, and you would get a more reasonable
average. It’s similar for the second example. The student’s classmate or family member probably forgot to stop the
stopwatch during that 105-second time, giving an average of 17.8 seconds when the actual times hovered around the
9-10 mark. Eliminating the unreasonably high value would give you a more meaningful average that represents the
true results better.
When you have a set of number values with a few that are very unusual compared to the rest, these are called outliers.
Did you also notice that the ranges of these sample results were also quite large? This means that your results varied
widely, and it’s a common sign that there were outliers. When you have outliers, it is a good idea to remove them
before calculating an average. Remember that when you do so, you will need to lower the total count of values by the
number of outliers you removed, since they are no longer being counted. Removing the outliers, we try our calculations
again:
15, 17, 18, 18, 19, 20; range = (20 – 15) = 5, average =

15+17+18+18+19+20
6

6, 7, 7, 8, 8, 8, 9, 10, 10; range = (10 – 6) = 4, average =

= about 17.8

6+7+7+8+8+8+9+10+10
9

= about 8.1

These averages make a lot more sense when you compare them to the majority of the values – they look a lot closer to
the normal values. Notice that this time we had to round the average to the first decimal point – this is a good idea in
general.
Calculate a range and average time using your own time values from your experiment, removing any outliers first if
you have them. Write down your range and average, and what outliers you removed, so you can include this information
in the results section of your lab report.
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Making a histogram (optional)
This section is optional. We recommend
completing it if you are able to collect results
from a group of people – for example, if you are
working through this lab with a class – and if
you are comfortable with a little more advanced
math. If not, you may skip to the directions for
writing your lab report.
It may be the case that other students (at least 5
will work) completed this experiment at the
same time that you did, and they each
calculated their own average time spent
balancing on one foot. If so, there is another
statistical technique you can use: a histogram.
This is a special kind of graph that shows how
many results fell into a particular range. It’s
okay if you don’t know what this means yet –
we will provide an explanation.

Figure 7.2: Example of a histogram.
Cropped; original by: Kwevans54 / Public Domain

Turning to Figure 7.2, imagine that a class has
https://commons.wikimedia.org/wiki/File:Reading_and_math_histogram_
taken a math test with 50 possible points. Their
10.JPG
scores varied widely, with results such as 20,
27, 32, and 44 out of 50. The teacher arranges
all the score values in order from lowest to highest. Then, he makes a series of equally spaced divisions that cover all
the score values: 17.5-22.5, 22.5-27.5, 27.5-32.5, and so on. We say that they are equally spaced because each division
covers 5 whole numbers, or covers a distance of 5.
Then, the teacher counts how many scores fell into each division. 5 students scored between 17.5 and 22.5, 9 students
scored between 22.5 and 27.5, etc. Once he is finished, the teacher places all of this information in a graph, with the
divisions or categories at the bottom of the graph from smallest to largest, and the number of scores represented on the
left side of the graph. So, looking at the red bar, for example, you can read that 5 students (halfway between the 4 and
the 6 mark) scored between 17.5 and 22.5 on the math test. And by looking at the orange bar, you can see that 8 students
scored between 37.5 and 42.5 on the math test. This type of graph, measuring the counts of values that fit into evenly
spaced ranges of numbers, is called a histogram.
A histogram is useful because it can tell you, just by looking at a well-organized picture, where most (or least) values
lie on a scale. You can try this for yourself with the average time values you and your classmates got for the balance
test. Arrange the averages (not individual scores) in order from lowest to highest, and calculate the range of these
average values. Choose 5 or 6 evenly spaced sets of numbers – sometimes called bins or intervals – that all the average
values will fit into. They do not have to start at 0 if (which is likely) no one had an average near 0. A useful starting
point is to take a number just larger than your range of averages, which can be evenly divided by 4, 5 or 6 (a good
estimate for the number of ‘bars’ or ‘boxes’ on a histogram). Divide your number by the smaller number, and your
answer represents the ‘distance’ covered by each set. Pick a starting number that is a whole number just smaller than
your smallest value, and count up by the ‘distance’ number you found, to define your sets. Stop counting when you’ve
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reached the first number that is larger than your largest value. You may end up with one more or one less ‘box’ than
anticipated depending on the starting point you picked – this is all right.
It’s okay if this sounds complicated – we have provided an example below.
Average times: 8.8, 10.5, 12.8, 14.1, 14.5, 17.9, 20.1, 24.4
Range: (24.4 – 8.8) = 15.6, which we’ll round up to 20
20 divided by an estimated 5 boxes = a distance of 4 for each set
Starting at 5, we define sets of 8-12, 12-16, 16-20, 20-24, 24-28. We can check that they all have a distance of 4 by
taking the difference of the ‘bounds’ of each set; for example, 12 – 8 = 4, and 28 – 4 = 4.

Once you have your sets, count how many average balance times fit into each set. If the number is right in between
two sets (for our example, 20) then place it into the lower set. Identify the largest of these counts of averages (for
example, if the most students, 9 of them, averaged between 15 and 20 seconds). On the left side of a blank graph,
starting at the bottom and working your way up to the top, count up from zero to just above this value (for example,
10 if the highest was 9), spacing each number equally. If you are counting to higher than 15 or so, you may want to
only write the even numbers. Then, write your sets of numbers from the previous step at the bottom of the graph –
remember you do not need to start at zero here – from lowest to highest like the example in Figure 7.2 . Finally, draw
a ‘box’ above each set, whose height (as measured by the scale you wrote on the left side of the graph) corresponds to
the number of average times that fit into that set.
Congratulations – you now know how to use another excellent tool for describing results of an experiment. By looking
at this histogram, you can tell just by the height of each box where most of the average times fell on a scale from lowest
to highest. Usually, it will be the case that the highest boxes are right around the middle of the histogram. This is known
as a bell curve, because all the boxes put together trace the shape of a bell, and it represents the way that most people
(or animals or plants) are pretty average by most scientific measures; only a few fall into a high or low extreme. You
would see a similar bell curve on a histogram for height, running speed, reaction time, and so on.
You do not need to redraw the histogram in your lab report, but you will be asked to describe it if you did this part of
the lab, so keep your notes for reference.
This is the end of the optional section – please continue from here if you skipped this section.

How to write the report for this lab
Aim
Summarize, in your own words, the goal of this experiment: to measure your ability to remain balanced and compare
your result to that of others in mathematical terms.
Design
In a sentence or two, explain why the test we used is a good measure of the functioning of one’s sense of balance. Also,
give at least one reason why the range and the average are useful tools for describing and reporting results of an
experiment.
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Hypothesis
Does a longer time value (in seconds) represent a higher or lower capacity to balance? In other words, would you rather
get a larger or smaller number on this test? If you wish, provide an estimate of how long you expected to remain
standing on one foot.
Method
In a few sentences, explain how you performed the balance test. If you performed this experiment with others, mention
how many people were in the group.
Results
What was your average balance time?
If you did the optional part of the lab:
•
•

What was the range of the group’s averages?
Looking at your histogram, where (in what set) did the most scores fall? For example, “The most people had
an average balance time between 15 and 20 seconds.”

Conclusion
Was the aim of this experiment met? Why or why not? Did you find that the range and average are useful when talking
about numerical (number) results of an experiment?
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Lab 11: Frog Dissection (CAPSTONE LAB)
Choose this lab OR the Virtual Frog Dissection, but not both.
All students should read the first part of this lesson; following that, there is a choice to make.
Before you begin your dissection, you should watch a video of a frog dissection (if you are able and have your
parents’ permission). This will provide you a good overview of the steps involved, and the major organs to
watch for. Search YouTube© for “frog dissection Suburban Science.” (Notice that the instructor does not
wear gloves; she would probably point out that the frog she is dissecting has been preserved in chemicals, and
is thus free of harmful organisms. But you should always wear gloves anyway, if you were ever to do such
activities.)
For each of the two parts of the textbook, you will need to complete four mini labs and one capstone lab.

Overview of Dissection
You are about to participate in one of the most well-known lab activities of experimental work in biology: dissection
of the remains of animals. This is for good reason: one of the most direct ways to obtain scientific knowledge about a
thing is to observe it with one’s own senses. Even the ancient Greeks made many discoveries in medicine through the
(respectful) examination of the deceased human body.5
In biology dissections of lower animals, our motives are often not to learn directly about the type of animal in front of
us, but rather to use the experience to learn about ourselves or other animals that are not so easy to know.
Dissection of a frog
A note to the faint-hearted or extra-compassionate student: Whether you actually perform the dissection or merely watch, we
realize some students might secretly shrink back at the thought of dissection. As for fear about “blood and guts”: you will wear
plastic gloves at all times, thus, there is no reason (if you are careful) that any of the material should touch your skin whatsoever.
This fear quickly fades in most students as they become engaged in the process, identifying parts and learning. If your hesitancy
stems from the thought of the animal suffering pain, remember that the frog is, of course, dead and can feel no pain. Or, if you have
vague misgivings such as, “What right do we have to do this?”, remember that the consistent teaching of the Catholic Faith and her
saints is that all things on the face of the Earth exist for the sake of man. 6 That is, God did not create frogs for the sake of frogs
themselves. Rather, frogs, like all things on Earth, exist for the glory of God and for man’s sake. This primacy does not give man
a license to be cruel, heartless, and cold. Instead, it permits him to be a good steward of God’s creation by either properly using
things for himself, or avoiding things (such as his neighbor’s property). Carefully dissecting dead frogs helps us to achieve one of
our primary duties – that of perfecting our intellect and learning about God’s creation in a way otherwise impossible. In fact, we
5

In the first half of the third century B.C, two Greeks, Herophilus of Chalcedon and his younger contemporary Erasistratus of
Ceos, became the first and last ancient scientists to perform systematic dissections of human cadavers
https://pubmed.ncbi.nlm.nih.gov/1285450/
6
Consider a few quotes: First, from Genesis 1:28-30, we read, “And God blessed them, saying: Increase and multiply, and fill
the earth, and subdue it, and rule over the fishes of the sea, and the fowls of the air, and all living creatures that move upon the
earth. [29] And God said: Behold I have given you every herb bearing seed upon the earth, and all trees that have in themselves
seed of their own kind, to be your meat….” Second, from St. Ignatius of Loyola “Man is created to praise, reverence, and serve
God our Lord, and by this means to save his soul. And the other things on the face of the earth are created for man and that they
may help him in prosecuting the end for which he is created. From this it follows that man is to use them as much as they help
him on to his end, and ought to rid himself of them so far as they hinder him as to it.”
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claim that by missing out on the chance to marvel at the complexity of a frog’s innards, you will thereby miss out on an important
chance to marvel at God’s Power and infinite Wisdom.

A model organism is a plant or animal important to the biology laboratory because of all the information it can provide
not only about itself, but other living things with some similarity to it. This is why it is called a model – because it
bears a similarity to other kinds of organisms.
There are several good reasons the frog is widely used as a model organism in dissection labs.
•

•
•

The frog is similar in general structure to other higher animals and man in limb structure, muscles, and organs.
This similarity is enough such that it can provide a wealth of knowledge to students about a branch of biology
called anatomy (the study of the body plan and structure).
The frog is not too small to make science difficult, nor too large to be cumbersome;
It can be purchased inexpensively, or found in many regions of the world, or even bred quickly in captivity.

Dr. Alexander Ecker has provided additional commentary on this subject:

There is no occasion, now-a-days, to offer a lengthened apology for devoting a treatise solely to the anatomy
of the frog, which enjoys the doubtful honor of being, [par excellence], the physiological domestic animal. It is
kept in every physiological laboratory, and is daily sacrificed in numbers upon the altar of science. The
physiologist has recourse to it, not only to obtain answers to new questions, but for the sake of demonstrating
easily and quickly the most important known facts of the science. These unlucky batrachians7 are to be had in
any number, and are specially adapted for experimental investigation...8
The strengths and weaknesses of dissection
Dissection is not enough for true science of living things; it has its strengths and limitations. The most obvious is that
the frog that you are studying is dead. While you can learn plenty of information about the body structure of the animal
– even down to the smallest levels if you have the right tools – that is just about all the knowledge you can uncover
through this approach. You will not be able to observe the life functions and processes of the frog, nor its behavior,
nor how it interacts with the rest of its environment. Essentially, you can know much about the parts of the organism
(the material causes), but not the other causes (the formal cause, which is the frog-soul9). This is why the famous
entomologist, Henri Fabre, severely criticized some of his fellow French naturalists who limited themselves to
dissections. Fabre, of course, did dissections in addition to his patient field observations, but his point is that
dissections are not sufficient.
This is a common problem with the techniques of modern scientists: they start with the observation of the parts of a
thing and fail to pay attention to the whole. While dissection is a valuable tool in learning more about anatomy, it
should not be the only, nor the primary, approach to an introductory study of living things. Rather, it is an experiment
to be done alongside an observation of living things as they exist in the natural world, and with a consideration for our
everyday experience of creation.

7

batrachian: a tailless amphibian of the order Anura; a frog or toad
(Ecker, 1889)
9
As an introductory chapter of the textbook explains, one should not balk at speaking of frogs having souls. The greatest
philosophers that perhaps ever existed – Aristotle and St. Thomas – both use this language and school of thought. Aristotle wrote
an entire treatise called the De Anima on the subject, on which St. Thomas, centuries later, wrote a beautiful commentary.
8
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Frog Dissection Experiment
The following dissection lab is quite involved and requires materials (a dissection kit) and safety requirements
that might not be feasible for you right now. If that is the case, there is no problem – the next lesson consists of
a “virtual” dissection mini-lab for you to do instead. That virtual lab takes you through the process and enables
you to write a lab report as if you had completed a dissection experiment yourself.

Required materials for this lab
•

•
•
•
•
•

Frog dissection kit: available to ship from some
homeschool stores, or through cooperation
with a local homeschool group or high school.
This should contain a preserved frog specimen
as well as cutting tools.
Large table or surface cleared of other items
Disposable gloves, such as plastic or nitrile
Safety glasses (recommended)
Lab coat or equivalent (recommended)
Strong straight (not safety) pins
(recommended)

You will be following the instructions in your dissection kit10
(or from your instructor, if you have the opportunity to join a
local class) for many of the details, but we have provided you
with the preparatory steps, general overview, and cleanup
process.

⚠ Safety – Read this first
•
•

•

•
•

•

Adult supervision is required for this lab.
You must wear disposable gloves at all
times when you are handling animal
tissues, fluids or specimens.
Be careful not to splash any fluids outside
your experiment area. Safety glasses and a
lab coat (or a long-sleeved jacket that can
be washed) are highly recommended.
Do not eat or drink during this lab.
Complete this lab on an empty table or
surface that can be cleaned afterwards.
Remove your gloves before handling
common items such as your notebook.
In this lab you will be using sharp tools. Be
very careful so as not to cut yourself or
another person. Do not play with the tools
or use them when you are not asked to.

Preparation
For this lab, you should wear clothing that fully covers your arms and legs, in case something is dropped or spilled. It
is recommended, but not required, that you wear some kind of safety glasses and an outer jacket that can be washed
after the experiment. It is, for example, possible that a frog organ could unexpectedly burst and eject fluid or gas under
pressure onto you. Most biologists wear lab coats for these kinds of experiments for the same reasons of safety and
cleanliness.
You will need to set aside an open surface, such as a desk, that is not used for food preparation. We recommend that
you cover the area with something disposable, such as a layer of newspaper. Place a plastic or metal tray or a large
disposable plate (your dissection kit may have included something like this) on your table. Put on disposable gloves
and carefully open the bag containing the preserved frog specimen, using a pair of scissors that can be sanitized
afterwards (these may be included).

10

A good example of a dissection kit that would suit this lab can be found here: https://www.carolina.com/young-scientistpreserved-dissection-kits/young-scientists-frog-dissection-kit/221521.pr
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Method
Make some general observations about the
frog. What are some signs that this is a
vertebrate? What features can you see that
identify it as an amphibian? (Recall the main
characteristics of amphibians.) You should be
able to see the round tympanum (eardrum)
that forms the entirety of the frog’s outer ear;
they have no earlobes or ear canal.
Place the frog on its back in the center of your
tray. Your dissection kit or class should have
provided you with a set of small scalpels and
scissors, or similar tools, to use. Be very
careful when handling these!
Next, you will complete the dissection
process according to your instructions. Take
detailed notes on a separate piece of paper,
adding drawings if possible. (If you have a
partner, you might decide to take turns, one
doing the dissecting, and one taking notes.
Make sure that both of you get a chance to
do some dissecting. Watching is not the
same as actually doing it! If you have no
partner, we recommend that you carefully
remove your gloves before handling a pen and
paper, or that you use a pen or pencil that you
can clean at the end of this experiment.)
What do you see? What organs, muscles, and
bones can you identify based on your
knowledge of anatomy? The dissection
method you are given is likely to be similar to
the following:

Figure 11.1: Example of a skin incision.
Kirill Tsukanov / CC0
(http://creativecommons.org/publicdomain/zero/1.0/deed.en)
https://commons.wikimedia.org/wiki/File:Frog_dissection,_7.JPG

Figure 11.2: Removal of the abdominal wall.
Kirill Tsukanov / CC0
(http://creativecommons.org/publicdomain/zero/1.0/deed.en)
https://commons.wikimedia.org/wiki/File:Frog_dissection,_1.JPG

•

Carefully remove only the outermost
skin layer of the frog abdomen from
top to bottom. This may require a bit of pressure but not too much; you do not want to cut yourself or injure
the organs underneath. Then, move these sections of skin off to the sides and out of the way, making
additional small cuts with scissors from your dissection kit if necessary.

•

You can pin these pieces of skin to the sides of the frog if necessary, using pins from your dissection kit. If
pins are not provided, you may use ordinary sewing pins with large heads, but either sanitize or throw them
away after the experiment.

•

Use the scissors to carefully cut open the inner layers covering the organs of the frog. Because these are
tougher, using the scalpel is not recommended. It is helpful to make a small horizontal cut to make room for
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the scissors, then cut vertically towards
the head. This membrane is made
largely of muscles and connective
tissue which hold the organs in place.
Beneath this is the rib cage, connected
at the sternum. As with the skin, peel
these layers away and off to the sides,
holding it down with pins if necessary.
See if you can locate distinct bones or
muscles. Be careful not to cut through
any organs!
•

•

If the frog is female, there may be a
large amount of round, dark-colored
eggs in the abdominal area. Observe
and make note of these, then remove
them and leave them in your tray.
Use a grasping tool such as forceps or
tweezers (or similar) from your
dissection kit to loosen and separate the
organs of the frog from one another, so
that it is easier to identify them and
examine their structure. This may
require you to make additional cuts in
the skin and muscle layers. If you are
going to use your hands (with gloves)
to do this, first remove all pins. It may
be easiest to begin with the small and
large intestines, which look like a
collection of curly tubes in the lower
abdomen. Then, you should be able to
find the other organs, including some
of the following:

Figure 11.3: The internal organs of the frog.
Kirill Tsukanov / CC0
(http://creativecommons.org/publicdomain/zero/1.0/deed.en)
https://commons.wikimedia.org/wiki/File:Frog_dissection,_6.JPG

Figure 11.4: Eggs in a female frog.
Kirill Tsukanov / CC0
(http://creativecommons.org/publicdomain/zero/1.0/deed.en)
https://commons.wikimedia.org/wiki/File:Frog_dissection,_2.JPG

•

Liver: large, dark-colored triangle,
visible in Figure 11.4.

•

Gallbladder: small, green-colored sac which may be buried within the liver.

•

Stomach: larger sac beneath the liver.

•

Pancreas: flat, spongy organ below the stomach.

•

Lungs: pair of large structures connected at the top, in the chest area.

•

Heart: pyramid-shaped muscular organ between the lungs.

•

Kidneys: pair of bean-shaped organs in the lower abdomen.
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Lab 12: Virtual Frog Dissection (CAPSTONE LAB)
Choose this lab OR the actual Frog Dissection lab, but not both. This lab requires you to read the text of the
Frog Dissection lab, taking time to understand the method of dissection and to observe photos.
If you obtain permission from your parents, you could also search YouTube© for “frog dissection Suburban
Science” to observe an actual frog dissection. (The instructor does not wear gloves, however; she would
probably point out that the frog she is dissecting has been preserved in chemicals, and is thus free of harmful
organisms. But you should always wear gloves anyway, if you were ever to do such activities.)
For each of the two parts of the textbook, you will need to complete four mini labs and one capstone lab.

Overview
If it was the case that doing a hands-on dissection is not possible for you at this time, all hope is not lost. Through a
series of guided instructions and photos, you will go through the frog dissection process as if you were working on it
yourself. You will even get to learn about the process in greater detail than you would be able to with the tools available
to you in a high school dissection kit.
The dissection experiment you would have completed in the previous lesson would have given you a good general
understanding of the body plan and major organs of the frog, and it would have enabled you to make your own
observations about these structures. However, even had you done that lab, the tools available to you would not be well
suited to the observation of fine details such as the skeleton, eyes, brain, and small muscles of the frog. It is true that
you would have had the option of attempting some of this towards the end of the experiment to answer your own
research questions, but the basic tools available would not be able to access all these structures, at least not without
damaging the tissues.
The benefit of this virtual lab is that you will be able to make some of these more detailed observations through a series
of figures that were made through more advanced dissection experiments done by a biologist, Alexander Ecker, in the
late 19th century.12 Ecker thoroughly documented his work and made a series of thorough drawings of the anatomy
(the body plan, and the study thereof) of the frog. By carefully studying these figures in light of the dissection process
outlined in the previous lab: Frog Dissection, you will have gained enough information to write a lab report as if you
had completed a dissection yourself!
We recommend, but do not require, that you become familiar with the names of the structures you are observing. Ecker
has done a thorough job of labeling most of the parts that he has drawn from observations of dissected frogs. We have
included a selection of these labels – those that would be most useful and/or important – for you to study if you are
interested.

12

All figures in this lab are from: (Ecker, 1889).
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Method
As we have previously mentioned, this is a ‘reading lab’
where you will go through the text of an experiment as
if you had done the experiment yourself, but without
actually performing a hands-on method. If you would
rather complete a dissection yourself, it is okay if you
choose to stop here and see if there are any other
resources you had not looked into yet that would enable
you to complete the lab for Frog Dissection. For

Figure 12.1: The major organs of the frog.

Figure 12.2: Side view of muscles of the frog.

Figure 12.3: Chest and abdominal muscles of the
frog.
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example, there may be a local homeschool group or Catholic high school that might be willing to help you obtain a
dissection kit.
The muscles
A thorough observation of the anatomy of the frog ought to include
many of the various muscles which are actually quite similar, or
analogous, from one species to another. One reason biology students
dissect animals is to prepare for a career in animal or human
medicine. The names and relative positions of the muscles (as well
as bones and organs) of the frog are sufficiently close to those in man
that the frog makes an excellent model organism.
We will begin with some of the muscles that you would have cut
through without having the time to observe in great detail. First,
observe these muscles from the lateral (from the side) view, and the
ventral (chest/abdominal facing) view using figures above. (Try to
remember these terms – we will be using them for the rest of this lab.)
There is a large wall of muscle that surrounds the abdominal area,
which has been removed on the right side in order to see the smaller
muscles beneath. What do you think is the purpose of this large
muscle? Note that the internal organs are rather delicate and critically
important; it is helpful to have a protective layer above them.

Figure 12.4: Back muscles of the frog.

What can you infer about the function of each muscle from its
position, shape, and the point where it is connected? Recall that
muscles always produce movement by contracting (becoming
shorter) and causing a pulling force, never a pushing one. What can
you infer about the same in the dorsal (back facing) view in the figure
of back muscles? For example, try the major shoulder muscle labeled
‘i’.
You would also be able to see the arm and leg muscles, and even –
with very fine tools and techniques – the hand and foot muscles of
the frog as Ecker did. Take a look at the diagrams on the following
page (the frog’s thigh, foot, leg, and hand muscles). Do you see the
overall similarity between the body plan of the frog and that of other
animals and man? What else do you observe, or have questions
about? You will also see some repeated words in the names of
muscles, which are good for you to be aware of:

Figure 12.5: Removal of outer muscles
allows the bones to become visible.

•

Flexor: bends a part of the body.

•

Extensor: straightens a part of the body.

•

Abductor: moves a limb away from the body.

•

Adductor: moves a limb toward the body.
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Figure 12.9: Forearm muscles of the
frog.
Figure 12.6: Thigh muscles of the frog.

Figure 12.8: Lower leg muscles of the
frog.
Figure 12.7: Foot muscles of the frog.

Figure 12.10: Hand muscles of the
frog.
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Figure 12.11: The heart of the frog.

The heart and circulatory system
If you were to dissect a frog on your own, you
would be able to see numerous large and small
Figure 12.12: Major arteries of the frog.
blood vessels, especially if the vessels were filled
with a dye. This technique is common nowadays
to make the vessels contrast with the rest of the body structures. You would see both arteries (blood vessels which
carry blood rich in oxygen to the entire body) and veins (blood vessels which carry blood spent of oxygen back from
the body). As usual, Ecker has captured the structure of the frog’s circulatory system excellently with his observations
and drawings.
First, it is good to be familiar with the names of the major arteries – which are quite similar between frogs and ourselves
– as shown in the figure above. You may already have heard of the aorta: the largest artery which connects directly to
the heart and branches out into the rest of the arteries. It is also good to make a note of the major organs you can see in
the figure, and how the different arteries link them to the heart.
In addition, if you dissected a frog on your own, you would have observed the heart itself. Again, it is good to be
familiar with the names of the major parts and blood vessels of the heart. The frog’s heart is structured a bit differently
than ours – it has three ventricles (sections) instead of four, and it has an overall simpler appearance – but many of the
terms are the same. See figure above.
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Lab 17: Gravitropism (Mini Lab)
This lab is best done between spring and early fall, when adequate sunlight is present. If you are short on time,
this lab has a shorter preparation time than the other labs involving live plants. For each of the two parts of
the textbook, you will need to complete four mini labs and one capstone lab.

Overview
In this lab, you will be studying one of the forms of
irritability15 in plants: gravitropism, which is
motion in response to gravity (or position in space).
Specifically, you will be investigating whether the
tendency of plants to send shoots upward and roots
downward is really a response to gravity. Because it
could be the case that the plant is really responding
to something else that is different above vs. below
the ground: for example, levels of light. Therefore,
you will have the opportunity to test the gravitropic
responses of plants in a light condition different
from that in nature, to see if there is any difference.
You will be working with plants in the early stages
of germination16 – ‘sprouts’ – rather than more
developed plants. The benefit of this is that you will
not need to wait very long between planting time and
your first observations. But it also means that you
will need to be familiar with a few terms relating to
seeds and germination, which we will be using
throughout the rest of this lab. To see what these are,
please follow along with the figure shown.

Figure 17.1: Parts of the seed and germinating plant.

The radicle is the first small root which emerges
(Acker, Loew, Kraft, & Loew, 2019)
from the seed and (due to gravitropism) points
downward into the ground. The plumule – also
called a growing tip or sometimes a shoot – is the
top of the stem which grows rapidly as its cells divide. The cotyledons are one or two (depending on the kind of plant)
roundish leaf-like structures, which are already present in the plant embryo in the seed. Once the plant develops true
leaves of its own, the cotyledons shrivel up and fall off the plant.

15
16

Automatic response to a stimulus, which is much simpler than sensation.
The beginning of plant growth starting with the embryo in the seed.
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Method for this lab

Required materials for this lab

In this lab, you are using some large bean seeds that
• Large bean seeds (at least 20) that are suitable
are in a good condition for planting: lima beans are
a great choice. Remember that we will be testing
for planting; e. g. never been cooked or frozen
whether the reaction we know as gravitropism is
• 3 clear cups – glass or plastic
really stimulated by gravity. In other words, how do
• Paper towels
we know that the plant is not simply responding to
• Watering can or clean spray bottle filled with
the light above ground and the darkness below
water
ground? Thus, we will be attempting to ‘confuse’
the plants and see if gravitropism holds true. To do
this, we will be setting up conditions where the
whole plant, both shoot and roots, is exposed to light or dark at once.
Set up three clear cups, either plastic or glass, on your lab
table. First, crumple enough paper towels to loosely pack each
clear cup just about full. Then, insert some bean seeds so that
they are pressed between the paper towel and the cup, but do
not let them touch the bottom of the cup (or they will rot). The
goal here is for you to view the seeds through the transparent
glass/cup to observe germination without disturbing the seed,
and so that the seed is elevated enough so it can sprout its roots
downward. Seeds should be fully covered by a paper towel
layer, about an inch from the opening of the cup, and distanced
about ½ inch apart. Make sure that your seeds are rotated in a
wide variety of directions (see the figure shown); this is for
two reasons. First, we really want to test the ability of the
plants to ‘right’ themselves no matter how they are positioned.
Second, it is inevitable that some sprouts might be slightly
shaded by the paper towel so if we are testing whether light
has an effect on the apparent gravitropic response, we will
want a generous sample of sprouts that were consistently
exposed to light.

Figure 17.2: Suggested ways of rotating your
bean seeds when you are planting them.
Edited; original by: Bando26 at English Wikipedia /
Public Domain
https://commons.wikimedia.org/wiki/File:Red_Bean_Sha
pe.png

Sprinkle water onto the paper towels – especially near the seeds – until the paper towels are wet but not soaked; you
do not want mold to start growing on them. Place the cups in an area with bright sunlight during the day, such as by a
window or in a safe area outdoors if the temperature does not get below freezing at night.
Check on the seeds daily, watering them if the paper towels begin to dry out. At the same time, rotate the cups about a
quarter to a half turn daily to make sure that each seedling has been exposed to direct light during the day at least once.
Look for small radicles and plumules coming out of the seeds. As soon as these become clearly visible (e. g. more than
a quarter of an inch long), begin recording (writing) your observations in a table; we have provided an example of a
recommended format.
DD/MM/YY

Gravitropism? [yes/no]

DD/MM/YY

DD/MM/YY

DD/MM/YY

DD/MM/YY

DD/MM/YY

DD/MM/YY

[yes/no]

[yes/no]

[yes/no]

[yes/no]

[yes/no]

[yes/no]
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For each day that you make your observations, write the date and whether the plants are exhibiting gravitropism:
plumules pointing up, radicles pointing down. If it appears that some plants are showing gravitropism and some are
not, choose what represents the majority of the plants. Still, you may want to make a note of this by placing an asterisk
(*) by your entry in the table – this might be useful information to include in your lab report.
You can begin this part of the experiment even if a few seeds failed to grow – this is to be expected. Use the plants that
did germinate for your observations. Ultimately, even one or two plants is fine; we have asked you to plant more than
this for two reasons. First, we anticipated that some seeds will not germinate. Second, in an experiment it is usually
better to have multiple samples to observe, so that you can be more certain that your results are true to nature and not
accidental. If you were only looking at one plant, it could be the case that it was an unusual plant that for whatever
reason – say, a genetic mutation – was incapable of gravitropism regardless of the experimental condition. When you
have multiple plants to observe, you can be more certain of the reliability of your result. However, if no seeds
germinated, you would need to start over with fresh seeds, perhaps from a different batch.
We recommend that you continue recording for one week, following the day you start your table. It is better to keep
these days consecutive (without gaps), but if you miss a day, begin again the next day, writing the date you actually
made the observation.
What did you observe? Did these plants – which were not under the natural conditions of ‘shoots-light, roots-dark’ –
still grow plumules upward and radicles downward? If so, what does that say about whether the response we know as
gravitropism is in fact a response to the ‘up-down’ orientation of gravity?
Additional testing (optional)
At the end of your observation period, turn the cups by 90 (on their side) or even 180 (upside down), securing them
if necessary to keep them from falling over. In a few more days, make another set of observations. What has happened
to the way the roots and stem are growing? Is this a sign of a response to gravity?

Following up
Note that you have only indirectly demonstrated that (if the experiment went as we anticipate) gravitropism is truly the
plant’s reaction to gravity. What you have done is to eliminate a competing explanation for the phenomenon of
gravitropism – that is, differences in light – to see if the gravitropic effect is still present. However, it could still be the
case that something else we have not yet considered is the real driving force for gravitropism. As in the case of the
experiment, often it is easier in science to verify what is not rather than what is a cause of something.
The only way to settle this question with a high level of certainty would be to eliminate gravity. While this is not
feasible in the scope of your lab course, fortunately some scientists at NASA have done just that – by taking plants into
space. What did they observe? The plants grown without gravity failed to produce a gravitropic response! Instead, they
grew in a sort of spiral motion. And so, an experiment has established the reality of gravitropism as a true response to
gravity.17
Of course, it is with good reason that we call this responsiveness of plants to stimuli irritability and not sense. Plants
do not have a brain with which they can receive information from sense organs, integrate that information, and
coordinate a complex response. On the contrary, their responses are more akin to reflexes – the action is always the
17

(Kern, et al., 2005)
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same and the plant is certainly not ‘thinking’ about it in any way. At the same time, tropisms play an important role in
the survival and growth of the plant. In this case, gravitropism brings the structures of the plant to the environments
they are best suited for: roots underground to absorb water, leaves above the ground to use sunlight to make food. If
the plant were upside down, the parts of the plant would not be able to perform the life processes they were designed
for. Thus, irritability is just one of the amazing adaptations with which the Creator has provided plants in order to live
and serve their purpose.

How to write the report for this lab
Aim
Summarize, in your own words, the aim of this lab: to determine whether gravitropism is really due to gravity or to
another relevant condition, light.
Design
Explain how the setup of this lab, germinating seeds in transparent cups, eliminates the common light-dark division of
shoots and roots which could potentially complicate our understanding of gravitropism.
Hypothesis
The hypothesis should reference the main points of the following: If we eliminate the usual dark environment of plant
roots, and gravitropism still occurs, then it is truly gravitropism and not an accidental feature of the plant’s response to
light.
Method
Explain, in a few sentences, what you did in this lab, from the planting of the seeds to the observation period. Indicate
how many days the seedlings were observed for signs of gravitropism.
Results
Did the plants still demonstrate a gravitropic response? What other observations did you note?
Conclusion
Based on your results, is the tendency of plants to grow in a ‘shoots-upward, roots-downward’ fashion due to light
differences or gravity? Did you encounter any issues during this lab, for example seeds that failed to grow? That’s okay
– you can mention what happened and any reasonable explanations for the setback that you can think of.
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PART TWO:
❖
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❖
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GENETICS AND HEREDITY

❖

EVOLUTION
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Lab 27: Symbiotic Relationships in Your Gut?
(CAPSTONE LAB)
If this lab interests you, the lab “Growth of Bacteria” may also be to your liking. For each of the two parts of
the textbook, you will need to complete four mini labs and one capstone lab.

Overview
In your study of symbiotic relationships within your biology course, you may have learned that the human body
contains hundreds of trillions of bacteria and other microbes – more than the number of the body’s cells – which exist
in various forms of relationship with the body. Some are parasitic22 or otherwise harmful, causing disease under certain
conditions. But the vast majority of them are either commensal23 and harmless, or symbiotic24 and beneficial to human
health. Where do these microbes come from? For the most part, they are the descendants of microbes we have
inadvertently eaten, or gotten in our mouths or on our skin just by participating in everyday life. Of course, the world
is full of invisible microbes. Some are potentially pathogens25 (and thus we occasionally get sick), but the rest are not
– and so we hardly notice that they are there.
This is no reason to be afraid to go outdoors or to start sanitizing everything we come in contact with. Developments
in science have demonstrated that the human
microbiome – the complex ecosystem of
microbes, mostly bacteria, in the human body
– is incredibly important for health. Essential
structures from the digestive and immune
systems to the brain work most smoothly
when the right kinds of bacteria in the proper
balance are present. These bacteria break
down food into smaller building blocks,
produce vitamins and other beneficial
substances, and even signal the body’s cells to
regulate better using the same common
‘language’ of chemical signals.
What do they get in return (as a symbiotic
relationship implies that both species benefit
from the interaction)? Our bodies provide
these bacteria with some of the food we eat,
shelter, and an environment relatively
protected from microscopic predators by our
immune system. As with all symbiotic

22

Figure 27.1: Some of the numerous roles of bacteria in the
human microbiome.
translated from: Salsero35, CC BY-SA 4.0
(https://creativecommons.org/licenses/by-sa/4.0), via Wikimedia Commons

When one organism benefits from another at the other’s expense; the affected individual (host) becomes ill or dies as a result.
When one organism benefits from another, which is unharmed and generally unaffected.
24
When two different organisms both benefit from one another’s life processes or activities.
25
Organisms, usually single-celled, which cause disease.
23
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relationships, there is a definite two-sided benefit.
And when the ecosystem is unhealthy and when certain kinds of bacteria are lacking or not in the proper place or
balance, conditions of illness arise. Recent research – which is still quite new, and there is much yet to be learned on
this subject – demonstrates that an imbalance in the human microbiome makes a person vulnerable to allergies,
autoimmune26 disease, digestive disorders, and more. What’s more, these kinds of imbalances are becoming more
common as people spend more time indoors, eat processed foods, and are less likely to spend time on farms – all the
while distancing themselves from the diversity of naturally occurring bacteria on each plant and animal. At the same
time, antibiotics (which are sometimes necessary but frequently overused) kill more than just the harmful bacteria; they
target the good ones too, leveling the microbiome like clearing a forest.
But all this raises an interesting question: why would man, the pinnacle of living creatures, be dependent on the lowly
bacterium for the proper functioning of so many essential life processes? This question is what will serve as the guiding
hypothesis for this lab. We will provide a framework for you to do your own research and collect valuable information
that can be used to arrive at some possible answers to this question. This will also give you the opportunity to practice
reading scientific literature such as science journals and the magazines that summarize them. These publications can
be quite complex and full of technical terms. At the same time, they are very concise and full of good explanations and
figures; with patience and careful reading, it is possible to understand them.

Method for this lab
This will primarily be a reading lab; you will not be experimenting directly with bacteria today (though if you are
interested in doing so, we recommend the lab: Growth of Bacteria). We have provided some short quotations from
existing research and knowledge which relates to the question of our relationship to symbiotic bacteria. There is a limit
to how much material we can include from the work of others, but we have provided the title and identifying
information for each, so that you can find the resource and keep reading if you are interested. First, you will be reading
through the provided sources, picking out any information that will help you make a conclusion regarding the
hypothesis (why might man depend on bacteria for important life processes?). We highly recommend that you take
notes as you read and make connections between different sources and this question. After you are finished, you will
be able to do additional research on your own to obtain more information on particular topics and questions you may
still be unsure about.
Examining the sources
In the article “Bacteria as vitamin suppliers to their host: a gut microbiota perspective”, Jean Guy LeBlanc et al.27
describe the way that bio-chemical reactions unique to bacteria build nutrients that we need but cannot produce
ourselves:

Food-related lactic acid bacteria (LAB) as well as human gut commensals such as bifidobacteria can de novo28
synthesize and supply vitamins. This is important since humans lack the biosynthetic capacity for most vitamins
and these must thus be provided exogenously29.30

26

A condition in which the immune system mistakenly fights the body’s own cells instead of a pathogen.
Shorthand for saying “and the rest of the authors” – useful for scientific papers with sometimes nearly a dozen authors.
28
From the beginning; ‘from scratch’.
29
From outside, in this case from non-human cells.
30
(LeBlanc, et al., 2013)
27
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Similarly, Jo Napolitano in “Exploring the role of gut bacteria in digestion” explains the great value of bacteria in
aiding the power of nutrition. The diversity of bacterial species comes with a diversity of digestive methods and
substances, helping us to obtain nutrition from a wide variety of foods (unlike some animals which are exclusively
plant- or meat-eating):

He and his colleagues have recently determined the three-dimensional structure of one of these bacterial
enzymes. It plays a fundamental role in human digestion by breaking down sugar polymers to simple glucose.
Human cells do the same thing, but, until recently, no one expected gut bacteria to have such a large repertoire
of enzymes that break down complex sugars.31
The article “The sinonasal microbiota, neural signaling, and depression in chronic rhinosinusitis” by Hoggard et al.
shows that the chemical ‘language’ shared between bacteria and human cells allows them to cooperate directly. This
helps to explain such a rich and dynamic symbiosis, knowing that bacteria can influence individual cells, in this case
for the better:

We hypothesized that the sinonasal32 microbiota33 may act as a modifier of interkingdom34 neural signaling and,
subsequently, mental health, in the upper respiratory inflammatory condition chronic rhinosinusitis (CRS)….
Results: Several commonly "health-associated" sinonasal bacterial taxa35 were positively associated with higher
neurotransmitter concentrations and negatively associated with depression severity.36 In contrast, several taxa
commonly associated with an imbalanced sinonasal microbiota negatively associated with neurotransmitters
and positively with depression severity.37
Similarly, the common ‘language’ of hormones and other signaling chemicals makes it possible for symbiotic bacteria
to even help regulate the human brain! But keep in mind that we are referring to the material organ, which does not
absolutely determine our thinking and actions, as instinct does for an animal. We still have a rational soul which works
through the instrument of the brain to enable our free will and reason to operate. Foster et al. (authors of “Stress & the
gut-brain axis: Regulation by the microbiome”) explain:

Intriguingly, it has become increasingly clear that bacteria are required for normal brain development…as well
as brain function in adulthood. Indeed, key processes associated with neuroplasticity38 in the adult brain such
as neurogenesis39…and microglia40 activation…have been shown to be regulated by the microbiota. …
The reversal of stress effects by probiotics41 has also been demonstrated. …
The vagus nerve has been proposed to serve as the most important neural pathway for bidirectional
communication between gut microbes and the brain…. For example, an intact vagal nerve appears necessary
for several effects induced by two separate probiotic strains in rodents….42

31

(Napolitano, 2010)
In the nose and/or sinuses.
33
Another word for the microbiome.
34
Between two kingdoms of living things; in this case, bacteria (beasts) and man.
35
Kinds or species.
36
That is, a more balanced microbiome was linked with less severe depression, and vice versa.
37
(Hoggard, et al., 2018)
38
The ability of the brain to develop and repair itself even in adulthood.
39
The growth of new neurons, the cells of the brain and other parts of the nervous system.
40
A kind of cells which are not neurons but provide direct support to neurons.
41
Beneficial bacteria.
42
(Foster, Rinaman, & Cryan, 2017)
32
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Lab 29: Using a Microscope (CAPSTONE LAB)
Complete this lab OR the lab “Lab 30: Microscope Virtual Lab,” but not both.
This lab requires a microscope; you will need to purchase or borrow one. As an alternative, your parents may
be able to arrange with your local high school or college laboratory for you to use a microscope for the duration
of this experiment. For each of the two parts of the textbook, you will need to complete four mini labs and one
capstone lab.

Introduction
In this lab you will be using one of the tools
that has enabled vast contributions to the
study of biology. And in part of this lab, you
will also be retracing the steps of one of the
first people to make great discoveries using
this instrument: Anton van Leeuwenhoek. He
constructed hundreds of his own microscopes
with handmade lenses, becoming the first to
identify and name cells – the smallest units of
life that themselves carry out all the major life
processes. He observed both plant and animal
cells, including the red blood cells which
make up much of the solid contents of blood.
As you have learned in your biology course,
cells can make up part of a multi-celled living
thing like the animals and plants that are part
of your everyday experience. There are also
single-celled microbes whose bodies are just
one cell. Anton van Leeuwenhoek discovered
many such microbes, both bacteria and
protozoa, giving them a name meaning ‘little
animals’ which has since been translated into
English as animalcules.

Figure 29.1: A diagram of one of Anton van Leeuwenhoek’s
microscopes.
Henry Baker / Public Domain
https://commons.wikimedia.org/wiki/File:Van_Leeuwenhoek%27s_microsco
pes_by_Henry_Baker.jpg

Sizes of microscopic life
As you have learned in your biology course, the microscope enables you to see things that are too small to be visible
to the unaided eye. This makes it an ideal tool for viewing the smallest structures of living matter that make up the
body: cells and their organelles, as well as both prokaryotic (bacteria) and eukaryotic microbes. These are each very
small – so small that we must use special units of measurement as it would be cumbersome to speak of fractions of a
millimeter, and so on. The most common unit in the areas of microbiology (the study of microscopic living things)
that we will be working with is the micrometer, which is one-thousandth of a millimeter. The micrometer is
abbreviated µm, with the Greek letter µ (mu) in place of another m – it seems because the abbreviation mm is already
used for the millimeter.
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What is interesting is that not all cells and microbes are the same size. Most bacteria are close to a micrometer in size;
they are some of the smallest true living things. (Viruses are much smaller. As you will learn in your biology course,
they cannot really be considered to be alive because it is actually some other cell or microbe which is completing all
their ‘life’ processes for them.) Bacteria are also known as prokaryotes or prokaryotic; they do not have a nucleus
(distinct little capsule carrying genetic material) or organelles (the ‘little organs’ that many cells have). Eukaryotic
cells – those of multi-celled plants and animals as well as other microbes like algae and protozoa – have a nucleus and
organelles. In order to have the space for all these additional structures, eukaryotic cells and microbes are larger,
sometimes significantly so: they usually range from 10 to 100 micrometers in size. A representation of each of these
sizes is provided for you in the figure below. Note that the scale at the bottom of the chart is logarithmic; this means
that each number on the scale does not increase by a steady amount (like 10, 20, 30…) but by multiplication (like 10,
100, 1000…). This is done because we are dealing with a wide range of sizes – animal cells can be 100 times the size
of bacteria – and it allows the chart to be narrow enough to fit on one page.

Figure 29.2: Sizes of cells and microbes compared to other microscopic structures.
CNX OpenStax / CC BY 4.0 (https://creativecommons.org/licenses/by/4.0)
https://commons.wikimedia.org/wiki/File:OSC_Microbio_01_03_sizes.jpg

A light microscope – the usual kind of microscope which you will be working with in this lab – is ideal for observing
cells and other things on the micrometer scale. It typically magnifies things 40, 100, 400 and 1000 times the original
size. This means that when you are viewing something larger, such as animal cells, a lower magnification such as 40X
or 100X is sufficient to see it clearly through the lens. When you are looking at something smaller like bacteria, a
higher magnification such as 400X or 1000X will enlarge the image enough for you to see individual microbes again.
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Chapter: Cellular and Molecular Biology

168

power of reason (freely contemplating and discerning things especially according to the good and final
causes, which lower organisms have no concept of).
For the purpose of this lab, you will only be looking at plants and animals – but it is good to know the distinctions of
all three.

Method
Now you will have the opportunity to try this for yourself with eight unknown microbes that will be presented to you
with an image and description. They will get more difficult as the lab goes on, but that’s okay – they will all fit into
the division of life according to their powers, and if you carefully consider the information provided it can be done.
There will be more information than you need, and potentially a few extra details that could be distracting. Remember
the powers of life and how they inform you of what essential division a living thing belongs to.
You will find that these divisions still hold true for microbes; you will just have to be more careful not to let unusual
combinations of more superficial traits distract from the powers of life which are more essential to knowing what kind
of organism it is. You may think, “But this microbe does some things that plants do and other things that animals do,”
and that may be the case. But if you return to the question of what powers of life it demonstrates, you will see that it is
either a plant (with the powers of nutrition, growth, and reproduction) or an animal (with the same powers along with
sensation and movement).
Using your reason, your knowledge of the divisions of life, and the information provided to you, write on a separate
sheet of paper whether each microbe is most likely an animal or a plant. You will have the opportunity to verify your
answers at the end of this lab, but do not read ahead until you have finished your work.
Number

1

2

Description
This microbe makes its own food using
photosynthesis;
its
abundant
chloroplast
organelles use sunlight to produce sugars and give
off oxygen. It uses these sugars to build up its
living matter including its tough cell wall. The
microbe reproduces using binary fission; one
parent individual copies its genetic information
and divides into two offspring. It demonstrates
only a simple irritability, for example in response
to light, and has no true power to sense. Nor does
it move around in its environment through any
activity of its own.
This microbe is known for its movement, in quite
a unique manner. It gathers its inner cell contents
– cytoplasm and some organelles – toward little
extensions of its cell membrane called
pseudopods (‘false feet’) and inches forward like
a microscopic slug. It is quite a responsive little
microbe – it will quickly move its pseudopods
away when poked with a needle under a
microscope. These organisms eat other microbes,
or sometimes obtain their nutrients by
All rights reserved © 2018-2022 Christ the King Books

Microscope view

Lab: Animal or Plant? (Mini Lab)

3

4
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decomposing dead organic matter. The microbe
has a fast life cycle of growth and reproduction,
dividing into two offspring via binary fission.
The first thing you might notice when looking at
this microbe is its prominent ‘tails’, which are
actually flagella. The microbe rotates these in
order to propel it forward and move around its
environment. This organism has an amazing sense
of ‘smell’ – it can detect minute amounts of a wide
variety of chemicals in its environment in order to
find food, avoid danger, and communicate with
other microbes around it by sending and receiving
chemical signals. It grows quickly on food that
has been left to sit out, or sometimes even in the
animal or human body as a pathogen. Its
population can double in size as rapidly as every
20 minutes as it reproduces using binary fission.
It copies its genetic material (which is not
contained in a nucleus) before dividing into two
new individuals.
Similar to the one you previously examined, this
microbe has a large flagellum (singular of
flagella) with which it propels itself through liquid
environments. Its green appearance is
interspersed with little blobs: organelles including
chloroplasts and vacuoles. You also may be able
to see a bright red spot on the microbe; this is its
eyespot with which it can ‘see’ to a limited degree
– mostly light vs. dark. This is useful for the
microbe to find sunlight, since it can make its own
food using photosynthesis. It can also obtain food
by decomposing organic matter. The microbe has
a life cycle of around a day, growing and
reproducing via binary fission.
At first glance, you may wonder if this glass-like,
non-moving, non-sensing organism is even alive.
With its geometric structure it could be mistaken
for a rock formation or something from science
fiction. But this is something that lives and grows,
producing its shell out of minerals it takes in. You
may even be able to see its nucleus and organelles
– brightly colored dots where life processes are
constantly taking place. The microbe makes its
own food via photosynthesis, and it stores the
excess in specialized organelles. These living
things can reproduce rapidly enough to be present
in very large numbers.
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This unusual microbe makes its own food, but it
needs no sunlight to do so! Able to sense light, it
actually avoids sunlight. Then where does it get
the energy needed to convert carbon dioxide into
the sugars it uses to grow? It derives energy from
chemical reactions of ammonia. Having no
organelles, the entire cell serves as the space
where this chemosynthesis takes place. The
organism is motile (capable of movement),
typically via flagella. It reproduces using binary
fission.
This little microbe seems to be always
reproducing. It generates new offspring by
budding, or growing mini versions of itself –
containing all the organelles they need – which
then break off from the parent individual. All this
growth requires a lot of food; they consume and
digest sugars, producing alcohol as a waste
product. Not known to move or sense, they are
altogether a simple but common organism.
What an interesting creature! It is difficult to
guess what you will notice first, its vivid green
color or its two prominent flagella positioned like
antennae on an insect. As expected, these flagella
are used for movement. And if the color reminds
you of fresh green grass, this is because the
microbe has chloroplasts containing the pigment
chlorophyll in order to make sugars in
photosynthesis. It uses all this nutrition to grow
and to reproduce – either via binary fission or
through a simplified version of fertilization. It
also stores excess food in other organelles called
vesicles. The microbe can also sense light, which
is helpful in order to find the best source of light
for photosynthesis.
Table 32.1: Microbes presented for identification in this lab.65

By now, you should have all the information you need to identify these microbes as animals or plants. Write down
your answers – it might be helpful to make a table – and check them again if you need to. When you are ready, keep
reading to see how many you identified correctly.
65

Figure attributions are moved to footnotes to prevent image titles from revealing microbe identities, and are provided below in
the order they appear in the table above:
1.
2.
3.
4.
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