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Applied Biology Laboratories

Preface
The focus of this manual is to engage students in scientific inquiry through laboratories that
allow for close observation and experimentation. These hands-on experiments are designed so
that students can generate a hypothesis either as a class, small groups, or individually to
explore a broad topic. Writing skills are emphasized by providing guidance on how to write a
laboratory report in the form of a scientific paper. Basic, follow-up questions are provided at
the end of each lab in the discussion section, which can be modified by the instructor.
Unique to this laboratory manual are several field labs that can be completed outdoors. Data
generated from many of these activities will be slightly different for each lab group or section
giving students the opportunity to begin to critically think about why variations in data may
occur. Data from field labs can be recorded and, ideally, be retained by the instructor so that
changes in data can be viewed over a long period of time.
Several investigative dissection labs are provided to give students a broad understanding of
organismal biology used to compare anatomical structures and their function. These labs can
also be coupled with other comparative anatomy labs provided in this manual to explore
evolutionary and niche relationships between different or related taxa.
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1. The Scientific Method
One of the best parts about biology, and any other branch of science, is that the scientific
method (SM) process used to discover various phenomenon is inherent in all of us from birth!
While often associated with incredibly hard experiments and discoveries that appear as if some
super brain is required, trust me all brains can and do perform the scientific method. The
scientific method process is rather simple:
1. Observation - you notice something about your environment.
2. Hypothesis and Prediction - you formulate a testable explanation (a statement about
what you think will happen).
3. Experimentation and Data Collection - you test to see if your hypothesis is correct or
not.
4. Interpretation - you figure out what you learned about your observation through what
your data means.
At its core, the SM is a powerful problem-solving approach and a process of elimination that the
leads to impactful inventions and discoveries. Charles Darwin’s On the Origin of Species which
outlines modern evolutionary theory through natural selection and Isaac Newton’s theory of
universal gravitation are two examples of major scientific works that resulted from the
application of the SM.
Modern SM involves both inductive reasoning (making a general statement or conclusion from
specific observations, assumptions, or pieces of information), and deductive reasoning (making
specific predictions from a general statement). Keeping these ways of thinking straight in your
head will help you write better scientific papers and reports. The following graphic and
examples may help.

Deductive

Specific

General

Inductive
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Example of induction (from specific to general)
1. Specific observation: I can’t figure this out…
2. General conclusion: …therefore all human beings must be stupid.
Example of deduction (from general to specific)
1. General statement: If it is true that all humans are stupid…
2. Specific prediction: then you will not be able to figure this out either!
A hypothesis is a possible answer (statement) to a question, and is tested first by using it to
make an explicit prediction, running an experiment, and comparing the observed results to the
predicted outcomes.
Example
You are sitting at your desk and reach over to turn on the light. It doesn’t turn on (observation).
Based on your previous experience with non-working lamps, you develop some possible
explanations (hypotheses) as to why this is:
1.
2.
3.
4.

The lamp is not plugged in.
The bulb is burnt out.
The lamp is broken.
A demon put a curse on the lamp.

You then test each of these explanations until the lamp turns on (experimentation). Once the
light does turn on, you remember what happened to compare against for the next time a lamp
does not turn on (and possibly call a priest to rid your house of the demons).
Is the SM perfect? No. Errors can be made in the process. For this reason, most research
requires statistical analysis of the results. These mathematical equations help scientists
determine if the observed results from experimentation happened simply by chance or if the
results were influenced by the variables they tested. Examples of statistical analysis are
provided on the following pages.
It is important to understand that the SM can only disprove hypotheses, and that it does so by
examining material evidence through observation and experimentation. THE SM CANNOT
PROVE A HYPOTHESIS TO BE TRUE! Why? It only takes one piece of data to disprove a
hypothesis. For this reason, a scientist NEVER says, my experiment was done in order to prove
my hypothesis. Instead he/she will say, the data support (or are consistent with) my
hypotheses, or similar verbiage.
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2. General Laboratory Policies
Attendance: Laboratory activities generally involve a great deal of preparation by the instructor
and are designed as group projects. For these reasons, missed laboratory sessions cannot be
made up and, therefore, attendance at all regularly scheduled laboratory periods is absolutely
required. Attendance will be recorded at the beginning of every laboratory session; when a
student arrives late it will be that student’s responsibility to make certain the instructor records
them as present.
All students are expected to attend the specific laboratory section for which they are officially
registered. Students may not attend other sections, even on a temporary basis, unless they
have permission from the instructor to do so in advance. Permission to attend an alternate
laboratory sections must be obtained at least one week in advance and will be granted only
under exceptional circumstances.
Read the lab before coming to class!! Spending a little time in advance to prepare for the lab
activity will save you, your lab partners, and the instructor time, frustration, and errors during
lab time.
Record data, take notes about procedures, etc. This will save you time as the information you
record here will help you write your lab assignments, instead of having to track down the
instructor and your lab mates numerous times for information.
Beware of plagiarism! Often, you will work in groups. You may collect data together, even
discuss results in general terms, but your lab reports MUST be your own individual work. For
example, partners may not hand in identical copies of the same report; the wording in the two
reports should be very different! What you write must be your own!! Do not even think about
having a website write the lab report for you. This is a form of academic dishonesty that may
result in penalties as severe as a failing grade in the class or even dismissal from the college.
Your instructor can identify website generated lab reports.
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3. Laboratory Safety
A biological laboratory is an exciting and safe place to be if you know what you are doing!
Several of the laboratory projects in this course involve various hazards and biohazards
including toxic bio-chemicals and solvents, acids and bases, various glassware, and sharp
surgical instruments. Your primary is to do your work in a way that is safe for you and everyone
else using the lab. There are not many rules, just a few, which are based on experience and
common sense:
1. Cleanliness: A clean lab is a safe lab. If you make a mess, clean it up! If you dirty
glassware, wash it! If you empty something (ex. a squirt bottle) fill it up again! Get into
the habit of using 70% ethanol and paper towels to wipe down the surface of the
workbench around your workstation. Keep all equipment (especially the microscopes
and your dissecting tools) fastidiously clean.
2. Do not eat or drink in the lab.
3. Protective Clothing: The instructor will notify you when it is advisable to wear rubber
gloves and/or an apron in lab. If you are allergic to latex please notify the instructor.
4. Hazardous Material Disposal: Find out how to dispose of hazardous or potentially
hazardous materials, including syringes, needles, broken glass, and liquid wastes. There
will be corresponding waste vessels for each of these. Be sure to familiarize yourself as
to their whereabouts in the lab.
5. Sharp Instrument Disposal: Never throw syringes, needles, razor blades, broken glass,
or any other sharp or dangerous objects into the regular trash can! Dispose of these
instruments in the red sharps containers.
6. Biological Waste Disposal: Your instructor will inform you on how to dispose of animal
carcasses and other biological wastes.
7. Proper Chemical Weighing Techniques: When weighing out chemicals, avoid inserting
spatulas into reagent bottles; unless the reagent is a dangerous powder (get help from
the instructor!), you should gently shake the amount that you need into a weighing boat
or paper. If you shake out too much, throw the excess into a container labeled waste,
not back into the reagent bottle (but use common sense).
8. Inform the instructor immediately of any spills, broken glass, or otherwise unsafe
events during the lab.
9. Leave your backpacks outside in the hall. The available lab space is narrow and
backpacks only increase the tripping hazard! If they are seen in lab you will be asked
to put them in the hall.
NOTES:
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4. Dissections
During the semester you may be dissecting various organisms that will represent particular
phyla of the animal world. All of these organisms will have been euthanized long before they
reach your dissecting tray. Even though these organisms are dead, they are to be respected and
learned from accordingly. Dissections are necessary for several reasons including:
•
•
•

learning the characteristics of common representative phyla
observation of anatomical commonalities among phyla
comparing specialized anatomical features

There are no time limits as to how long you must stay in lab for dissections. However, since you
will be tested on various anatomical features and their functions, you will want to spend
enough time in lab to become fluent in an organism’s anatomy. Please feel free to take digital
images of your dissected specimens to use later to quiz yourself in preparation for the lab
practical.
The instruments we use during dissections are surgical instruments. They are extremely sharp
and will cut you if you are not careful! The specimens we use are also preserved in
preservative containing dilute concentrations of carcinogenic chemicals including
formaldehyde. Rubber gloves should be worn at all times when handling specimens. If a glove
breaks, replace it!
Be mindful to exercise common sense in the lab. Due to the surgical instruments and chemicals
in the lab, no immature behavior will be tolerated and you will be asked to leave the lab if the
instructor witnesses such behavior.
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5. How to Write a Scientific Paper
You will present the results of some (not all) of this semester’s labs as research papers,
following the general style and format of an actual published research report. Clear
communication of your results and insights is essential. You will be expected to demonstrate,
an in-depth understanding of the concepts and/or processes that you investigated, a clear
understanding of your results and what they mean, and how your results relate to previous
biological knowledge.
A laboratory research paper assignment should follow the general format used for a research
report published in a scientific journal. Although different journals require different formats, all
papers have a roughly similar outline. They reflect the basic scientific method of asking a
question, formulating hypotheses, conducting experiments to test the hypotheses, and
interpreting the results. You may want to go to the library or use the library’s online databases
to look at articles in journals such as American Zoologist, Ecology, Development, Cell, Nature, or
Science to get an idea of how to write a scientific paper.
Although not all journals require authors to divide their papers into clearly labeled sections, this
practice will help you develop good habits in reporting your findings. Therefore, you should
clearly label each section in your paper except for the title.
The purposes of writing lab reports are to:
•
•
•

provide a basis for evaluating the work you do during lab
give you practice interpreting scientific data
teach you to effectively communicate the results of experiments by writing and by
presenting data and analyses in graphs and tables

Your paper will be graded on the following criteria:
Interpretation
• Do you understand the biology of the process you studied?
• Why did you do this experiment?
• What is the significance of your results? How do they fit in with other knowledge about
this biological process?
Presentation of what you did
• summary of your data
• properly constructed graphs and/or tables
• data analysis, if needed
Writing
• clarity, grammar, organization, etc.
A major part of science is communicating your amazing discoveries to others; writing counts!
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6. Anatomy of a Scientific Paper
Title
The title should consist of a few well-chosen words indicating the subject of the experiment and
should accurately reflect the scope of your research. Your title will not be the same as the title
of the lab instructions in your manual. No need to label this section, Title, just put a title at the
top of the page.
Abstract (if required)
Summarize your whole paper in the shortest, most direct possible way, including what you did
and what you found. This should be one continuous paragraph no more than ¼ of a page in
length or about 250 words. Label this section, Abstract.
Introduction
Briefly state in your own words just the essential background of ideas relevant to this
experiment. What question(s) is/are being addressed, and why is this interesting? All of the
components of the scientific method should be implicit in your introduction (ie. clearly present,
but not necessarily blatantly identified as your basic question or your hypothesis). Also include
a brief synopsis of what you found but do not go into too much detail. This section should
include a synthesis of the knowledge relevant to your experiment. Label this section,
Introduction.
Materials and Methods
Provide a brief, concise description, in the past tense, of exactly how you actually did the
experiments as if you were telling a story to someone. Be sure to include what equipment you
used and any organisms involved. Always use the genus and species of the organism in italics or
underline (e.g. Homo sapiens). Write this section so that a person with similar laboratory skills
could repeat your experiment exactly. This means including any concentrations of solutions,
times, and temperatures. Avoid step-by-step protocols and lists. If you must include a list, put
it in an appendix in the back of the paper. Label this section, Materials and Methods.
Results
This section contains just the facts and is the heart of your paper! Describe your results as
concisely as possible as a narrative (in story form) using Tables (lists of data) and Figures
(graphs, diagrams, drawings, etc.) to illustrate your description. When referring to either in your
paper, tables are called Tables and figures are called Figures.
Example:
The data, presented in Table 1, were used to make the graph shown in Figure 1. These
data indicate that the fertilization rate of calcium ionophore-treated eggs is
indistinguishable from that of the controls (Table 1).
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Arrange your paper as if it were a published article. Table legends go above each table and
figure legends go below each figure. See below:
Table 1. Data comparing the average number of students in the first and second semester introductory
level courses in the Natural Sciences Division. (Not actual numbers.)

Course
Biology
Chemistry
Physics
Computer Science
Mathematics
Environmental Science

First Semester
150
90
45
37
100
50

Second Semester
155
87
45
32
75
53

100

PercpiraVon rate (ml/hr)

90
80
70
60
50
40
30
20
10
0
Anatomy & Physiology

Organic Chemistry

Physics

College Algebra

Course

Figure 1. Average perspiration rate (ml/hr) of students during final exams in several courses
in the Natural Science Division. (Not actual numbers.)

Discussion
This section is your intellectual playground where you interpret (usually within one to two
pages) and present an overall conclusion relative to your initial hypothesis. Label this section,
Discussion. Questions to consider discussing include:
•
•
•

Did your actual results confirm the predicted ones based on your hypothesis?
If so, what should be done next?
If not, what are some possible explanations?
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•
•
•

What do your observations mean?
How might these observations, or this approach, contribute to our understanding of the
problem?
What further experiments could help support your conclusions, or how could the
present experiments be made more decisive?

Literature Cited
All the information gathered for a lab had to come from some where, therefore you must give
credit to those from whom you got the information. You must use the APA format to cite the
sources for all information that does not consist of your original ideas. The sources are always
listed in alphabetical order. Each paper should have a minimum of three sources, which can
include your textbook and lab manual. It will be important to use a consistent format
depending on the source that you are citing. Label this section, Literature Cited.
•

For a book (your textbook)
Russell, P.J., Wolfe, S.L., Hertz, P.E. & Starr, C. (2008). Biology: The dynamic science.
Brooks/Cole Cengage Learning.

•

For a chapter in a book
Russell, P.J., Wolfe, S.L., Hertz, P.E. & Starr, C. (2008). Gas exchange: The respiratory
system. In Russell, P.J., Wolfe, S.L., Hertz, P.E. & Starr, C. , Biology: The dynamic
Science (1st ed., pp. 1074-1092). Brooks/Cole Cengage Learning.

•

Our lab manual
Diefenbacher, E.H. (2020). Applied biology laboratories with field oriented labs. [Open
Education Resource] State University of New York, Morrisville.

•

For a research article in a journal
Egger, B., R. Gschwentner, & Rieger, R. (2007). Free-living flatworms under the knife:
past and present. Development Genes and Evolution, 217, 89-104

•

Website
Pryor, W. (2012, February 3). The Wolf Mountain Nature Center, Inc.
www.thewolfmountainnaturecenter.org.

Example of an in-text citation in a lab report:
• Smith (2004) documented that birds with higher muscle mass tend to be able to fly
further distances with less physiological effort.
• Optimal thermal temperatures for iguanids are reached at a faster rate for individuals
with less mass when compared to older adults (Bryson, 1998).

9
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7. Laboratory Report Example
The Duration of Mitotic Stages
Prof. Diefenbacher
Introduction
Part of the cell theory suggests that all living organisms are made of cells, and that new cells come from
preexisting cells. These new cells are required for the growth, development and reproduction of living
organisms (Russell, 2008). A crucial step in the division process is M-phase, also known as mitosis. This
phase consists of a series of steps that are designed to equally divide the hereditary information (DNA)
contained within the chromosomes (Diefenbacher, 2020).
The steps of M-phase include prophase, metaphase, anaphase, and telophase. During prophase,

doubled chromosomes begin to contract and become visible and the nuclear envelope begins
to break down (Smith 2000). During metaphase, chromosomes are attached by their
centromeres to the spindle apparatus and they line up in the center of the cell (Smith, 2000).
Anaphase consists of the chromosomes pulling apart from one another and moving to opposite
poles of the cell. Finally, during telophase, the chromosomes begin to unravel as the nuclear
envelope reappears and the two daughter cells form. From here the cells enter interphase G1
phase that consists of cellular growth, S-phase that undergoes DNA replication, and G2 phase
which is where cells prepare for division (Smith, 2000).
There are still many mysteries of the cell cycle including the focus of this laboratory, how long
does each stage last? To investigate this question we conducted an investigation on growing
root tips of onions to investigate if the duration of each mitotic stage is equal.
Materials & Methods
The first part of this investigation involved viewing prepared onion root tip slides of stained
cells to help refresh our memory as to the identification of each mitotic stage. During which
fresh growing onion root tips were processed. Three root tips were harvested with scissors into
vials of Clark’s fixative and stored in a freezer for 15 minutes. Next the fixative was decanted
followed by a rinsing of the roots in distilled water that was immediately decanted. The roots
were then immersed in 1N HCl for 10 minutes in a warm water bath. After this, the 1N HCl was
decanted, the roots rinsed in distilled water and decanted, and 1 ml of Schiff’s reagent was
placed in the vial and was left to sit for 30 minutes. After 30 minutes, the Schiff’s reagent was
decanted and the roots were immersed in the vial with 45% glacial acetic acid. From here 1 root
tip was finely chopped on a microscope slide in a few drops of glacial acetic acid and viewed
under a compound light microscope. Each lab team counted 100 cells in various mitotic stages
of development and contributed to the overall class data that was used to calculate the
proportion of each mitotic stage. We used a chi-square analysis to investigate if the observed
patterns were statistically significant or not.
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Results
The greatest proportions of cells were found in interphase with a total of 700 cells or 70% of
the total cells counted compared to telophase which was tallied at 10 cells or 1% of the total
cells counted (Table 1 or Figure 1). We found that these results were statistically significant (chisquare, df=9, P<0.05).
Table 1. Class data of the observed cell counts and proportions.

Stage
Interphase
Prophase
Metaphase
Anaphase
Telophase
Total

Number of Cells
Observed
700
150
100
40
10
1000

Proportion (%)
70%
15%
10%
4%
1%

OR
160
140

Cell Count

120
100
80
60
40
20
0
Prophase

Metaphase

Anaphase

Telophase

MitoVc Stage

Figure 1. Total observed number of cells during each mitotic stage. Interphase omitted
from this graph due to large cell count.

Discussion
For the purposes of this lab we used the proportion of total cells to determine the relative
duration of each mitotic stage. It makes sense that the stages that take the longest should be
observed most often. In the case of our data, interphase had the longest duration. The
reasoning behind this could be because interphase also contains G1, S-phase, and G2 stages of
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the cell cycle (Diefenbacher, 2020). There is an extraordinary amount of cellular work that is
occurring during this portion of the cell cycle including growth, DNA replication, and division
preparation (Smith 2000). Of course, these are not the only portions of the cell cycle that could
have influenced this data. Interphase could also include G0 phase also known as cellular rest
(Russell 2008). During this time, cells do not grow, replicate DNA, nor get ready to divide. They
simply go about their cellular processes. The more cells going through G0 phase, the more cells
that would be observed in interphase and, therefore, could have led to the drastically large
observed proportion of interphase we saw in this lab.
With regard to the duration of other stages of mitosis … (similar elaboration as above).
Other factors that could have contributed to the observed patterns may include human error in
identification of mitotic stages and equipment failure. (Elaborate on the cause of human error
such as intermediate stages to mitosis, not everybody counted the same number of cells, not
everybody could identify the stages correctly, stains leached out of the cells, etc. AND THERE
COULD BE MORE BUT JUST PICK A FEW.)
Other experiments (or questions) that could be tried to investigate the duration of each stage
include… (you can be creative here if you wish…but explain!).
Literature Cited
Diefenbacher, E.H. (2020). Applied biology laboratories with field oriented labs. [Open
Education Resource] State University of New York, Morrisville.
Russell, P.J., Wolfe, S.L., Hertz, P.E., & Starr, C. (2008). Biology: The dynamic science.
Brooks/Cole Cengage Learning.
Smith, J.M. (2000). The stages of mitosis. Journal of Cell Stuff 3, 45-76.
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8. Statistical Analysis
Biological research not only involves asking questions and testing possible answers, but usually
also requires some kind of statistical analysis of the data (observations). Statistics provide a
conventional way to evaluate data and are required by most scientific journals today. There is a
plethora of statistical tests for nearly every type of research. No matter which statistical test a
researcher uses, the reason for the mathematical explanation is to tell the scientist whether or
not the data that is being observed is happening simply by chance or if the observed trend is
being influenced by the variables tested in the experiment.
These tests are designed to either support or reject hypotheses. Remember, a hypothesis is a
statement about what you think is going to happen. You can use an if…then statement. There
are two types of hypotheses, the null hypothesis and the alternative hypothesis (which there
can be several of). These are defined as:
•

•

Null Hypothesis (H0) - A statement that states that there will be NO difference between
treatments.
o Example: Temperature will have no effect on the average rate of cellular division
between warm and cold treated onions.
Alternative Hypothesis (Ha) - The hypothesis that is alternative (another choice) to the
null hypothesis.
o Example: Colder temperatures slow the rate of cellular division in onions.

The purpose of a statistical test is to determine whether your data indicate a statistically
significant reason to reject your null hypothesis in favor of an alternative hypothesis. The
relationship between the null and alternative hypotheses is often expressed in the following
way (X=mean).
•
•

Null hypothesis = Ho: XA = XB
Alternative Hypothesis = H1: XA < XB

The good news is, despite the numerous statistical tests that exist, all tests fall into two
categories, differences and correlations, depending on what kind of questions you are asking of
your data.
Differences
These tests evaluate differences in your data based on differences between distributions (or
proportions) and differences between means of two or more samples.
•

Differences between proportions tell you whether the observed proportions (eg.
percent) of your data differed either from some theoretically expected proportion or
from some other actual distribution. An example here would be a test of whether the

13
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•

observed ratio of males:females in a particular population is statistically different from
the theoretically expected ration of 50:50 (Ho = 50:50 distribution).
Differences between means used to test whether the mean (or average) value of one
data set (experimental group) is significantly different from the mean value of another
group (control group). An example here would be comparing the mean number of males
in population A versus the mean number of males in population B.

Correlations
These tests determine if, in fact, there is some type of relationship between two variables.
There are three types of correlations that can also be represented graphically (NOTE: just
because a trend can be seen on a graph DOES NOT indicate that the data are correlated,
correlations are statistical tests for significance).
Positive - one variable increases as the other variable increases
Skull Size

•

10
8
6
4
2
0
0

5

10

15

Brain Volume

Negative - on variable decreases as another variable increases
Skull Size

•

10
8
6
4
2
0
0

5

10

15

Brain Volume

No correlation - no clear pattern or relationship exists between the two variables
Skull Size

•

10
8
6
4
2
0
0

5

10

15

Brain Volume
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The data is always plotted as dots with one factor plotted on the abscissa (horizontal, x-axis)
and the other factor plotted on the ordinate (vertical, y-axis). It is important to note that when
two factors are correlated, the magnitude of one changes with the magnitude of the other, but
that does not necessarily mean that there is a cause and effect relationship between the two.
In some cases, there may be a dependent relationship between the two variables, in which the
observed variation in the dependent variable (plotted on the y-axis) is dependent (or caused
by) variation in the independent variable (plotted on the x-axis). This kind of relationship may
indicate a causal relationship between the two parameters, and the strength (and statistical
significance) of the dependent relationship is evaluated by using a linear regression analysis.
This analysis will generate an R2 value which is also called the correlation coefficient. The R2
value tells you approximately how much of the variation in the y-axis is explained by variation in
the x-axis. For example, R2= 0.85 means that 85% of the variation in the y-axis (dependent
variable) is explained by variation in the x-axis (independent variable).
Important Statistical Terms
1. Mean - the numerical average; a measure of the central tendency of a sample.
2. Standard Deviation(s) - a common measure of variation within a sample.
3. Test Statistic (e.g. t, F, etc..) - the result of the calculations of the statistical test. Usually,
bigger test statistic value = greater differences between groups.
4. Degrees of Freedom (df) - related to sample size and number of groups being
compared. Bigger always helps!
5. P value or significance level - the probability that a large or larger difference would
occur simply by chance, if the null hypothesis is true, given the observed amount of
variation. P ranges from 0 to 1 and is computed based on the test statistic and df. A
small P value means differences are more likely to be real. By convention, if P<0.05
(meaning that there is a less than 5% chance that the test results happened simply by
chance and that 95% of the time something is actually influencing the test data), we
reject the null hypothesis.
How to Report Statistical Results
• Always report the test statistic, df, and P value.
Example:
We found significant differences between our treatment groups (ANOVA:
F=21.44; df=3; P=0.01).
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9. Microscope Parts and Operation
The primary tool of Biology is the microscope. This device works by combining several different
lenses to magnify the image of the object you are viewing several times its original size. There
are two basic kinds of microscope: the compound light microscope, which is used to view
objects that require a microscope slide (a thin, rectangular, flat piece of glass), and a stereo
(dissecting) microscope that is used to view much larger objects; a leaf or twig for example.
Each microscope has different focusing knobs that help to bring the image into focus, and
several other parts that also help view the specimen. As the instructor explains the anatomy of
the compound light and dissecting microscopes, use the form on page 19 to describe the
function of each microscope part.

Compound Light Microscope

Ocular Lens

Objective
Lens

Stage Clip
Manipulator

Stage

Dimmer
Switch
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Coarse Focus
Knob
Stage Clip

Fine Focus
Knob
Light Source

Iris/Diaphragm
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Dissecting Microscope
Ocular
Lens

Zoom
Knob

Focus
Knob
Objective
Lens

Overhead
Light

Main
Light
Switch

Substage Light

Overhead/Substage
Light Switch
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Microscope Part Functions
Compound Light Microscope
Ocular Lens:____________________________________________________________________
Objective Lens:_________________________________________________________________
Stage:_________________________________________________________________________
Stage Clip Manipulator:___________________________________________________________
Dimmer Switch:_________________________________________________________________
Stage Clip:_____________________________________________________________________
Light Source:___________________________________________________________________
Iris/Diaphragm:_________________________________________________________________
Coarse Focus Knob:_____________________________________________________________
Only objective lenses to be used:________________
Fine Focus Knob:________________________________________________________________
Only objective lenses to be used:________________

Dissecting Microscope
Ocular Lens:____________________________________________________________________
Objective Lens:_________________________________________________________________
Focus Knob:____________________________________________________________________
Zoom Knob:____________________________________________________________________
Overhead Light:_________________________________________________________________
Substage
Light:__________________________________________________________________
Main Light Switch:_______________________________________________________________
Overhead/Substage Light Switch:___________________________________________________
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We enjoy our microscopes in this lab and we want them to be around for a long time. To
prolong their life expectancy, there is a shutdown procedure The Biology Department would
like you to adhere to when you are finished with your compound light microscope.
Shut Down Procedure
When you leave, please follow the steps below and have the instructor check your scope.
1.
2.
3.
4.
5.
6.
7.

Turn head of microscope around.
Push ocular lenses in.
Spin low power objective into place.
Turn stage all the way down & remove any slides.
Center stage clip.
Set dimmer to 0.
Turn off microscope and wrap the cord around the base.

Explain how you should carry the microscope?
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
Using Your Scope
Using the compound light microscope’s basic functions is relatively easy.
1. Obtain an already prepared microscope slide with the letter e on it.
2. Use the coarse focus knob to put the stage all the way down and be sure the 4x
objective lens is in place.
3. Push the lever of the stage clip back and insert the letter e slide so that the letter e is
readable as you look at it on the stage, not through the ocular lens of the microscope.
4. Release the stage clip. The slide should fit flat on the stage with one corner secured by
the curved stage clip and the opposite top corner of the slide braced between the top
edge and the side edge of the stage clip.
5. To focus your specimen, slowly turn the coarse focus knob so that the stage comes
closer to the 4x object lens, while you look through the ocular lens.
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6. Once the image of the letter e is in focus, draw what the e looks like in the space below.

7. Now, using the stage clip manipulators knobs on the side of the microscope, move the
slide to your left; while looking through the ocular lens. As you move the e to the left
on the stage, which way does the e move as you look at it through the microscope?
_____________________.
8. Now move the e down on the stage toward your body. As you move the e down on the
stage, which way does the e move as you look at it through the microscope?
____________________
9. On occasion, in lab you will need to use higher powers of magnification than 4x to look
at various organisms. There is a very easy way to do this. While still using the 4x
objective lens, center the e as viewed through the microscope. To increase
magnification of the image, leave the object centered in your field of view and simply
rotate the 10x objective lens into place. DO NOT TOUCH OR ADJUST THE HEIGHT OF
THE STAGE! The objective lens will not touch the slide when swung into place. Trust me.
10. View the e through the scope, it will appear blurry, use the FINE FOCUS knob and slowly
rotate the knob backwards or forwards a few turns until you obtain a crisp image. Do
not give up too quickly as some specimens require a few turns in order to become crisp.
11. What happened to the image of the e when you increased magnification from 4x to
10x?
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
12. Remove the letter e slide and swing the 4x objective into place and use the coarse focus
to lower the stage all the way down.
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13. Put a prepared slide of a clear ruler on the stage; secure with the stage clip, and bring
into focus with the 4x objective.
14. The field of view of any microscope is how much area you can see through the objective
lens.
15. Measure the field of view under the 4x objective by lining up one of the millimeter lines
on the left-hand edge of the field of view and estimate the diameter of your field of
view (Figure 9.1).

Figure 9.1. View of a ruler through the compound light microscope.

16. What is the field of view diameter for the 4x objective? ______________________
17. Swing the 10x objective into place and focus. What is the field of view diameter for the
10x objective? _______________
18. Did the diameter of the field of view increase or decrease when you increased
magnification? ________________________
Properly labeled drawings and measurements are important in biology as they help give the
reader a frame of reference to judge just how big an organism is. Because of this, you must
always provide the magnification at which you are making your drawings!
1. To determine magnification, you must multiply the objective lens by the ocular lens
magnification. Yes, the ocular lenses magnify the image as well.
2. Look at the ocular lens and find the magnification. It should be printed on the top or
side of the lens.
3. What is the ocular lens magnification of your scope?__________________________
4. Now determine the total magnification for each of your lenses by following this formula:
Objective lens x ocular lens = total magnification
Ex. 4x (objective lens) x 10x (ocular lens) = 40x
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4x_________________________________________________
10x________________________________________________
40x_________________________________________________
100x________________________________________________
Dissecting Microscope
Also experiment with the dissecting microscope. It has only one focus knob, a fixed objective,
ocular lenses, and a simple zoom knob located on the right and left near the ocular lenses on
the head of the scope.
1. View a leaf, your finger, or another object through the scope and move the object
around.
2. Experiment with the zoom knob and focus knob.
3. Notice that there are two different light sources. One from above the specimen and one
from below.
4. How does the movement (up, down, left right) of the object as seen through the
dissecting microscope compare to how objects move (up, down, left right) as seen
through the compound light microscope?
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
5. Use a ruler and determine the field of view. How does this compare to the compound
microscope?
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
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Notes to the Instructor: Microscope Parts and Operation
Purpose
• The purpose of this lab is to orient students to the general features and operation of the
microscope. It is intended for individuals that have never operated a microscope before.
Stereo microscopes are also highlighted and should be available for comparisons.
Setup
• Microscopes can be set out for students or students can be instructed to get
microscopes themselves after the laboratory introduction or other business. Having
students get the microscopes themselves will give them practice in how to hold and
transport the microscope properly. Be sure to tell the students to always hold the
microscope with one hand on the neck, one hand on the base, and next to their chest.
•

Place all prepared microscope slides intended for use in a clearly designated area in the
lab that is easy for students to access.

Instructional
• The functionality of each microscope part is intentionally left blank in this lab. This
allows the instructor to point out, explain, and demonstrate that particular microscope
part and have students physically write down the function.
•

Stress that the base of the microscope, especially those that operate with halogen
bulbs, get extremely hot and can cause burns if students are to handle the microscope
immediately after they turn the microscope off. Tell students to give the microscope a
few minutes to cool down before replacing the microscope.

•

Emphasize that the coarse focus knob is only to be used with low power objectives, 2x
and 4x. The fine focus knob should be used for high power objectives, 10x, 20x, 40x, and
100x. This is to prevent damage to microscope slides and lenses.

•

Students need to have the instructor initial the designated area on the lab worksheet
when they have completed the shutdown procedure. The instructor should double
check and correct any issues with the shutdown of the microscope in front of the
student prior to the student returning the microscope to the designated storage area.

Other Options
• Here, a clear plastic ruler is used to measure the field of view. A stage micrometer could
also be used. Prepared slides on crossed threads can also be incorporated to
demonstrate depth of field to students.
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10. Cells and Mitosis
Introduction
All living organisms are made of cells and each cell comes from a pre-existing cell. Most
organisms require cellular division (mitosis) for growth, development, and reproduction. From
the single celled amoeba, to the giant sequoias of western North America, the key feature of
mitosis is the replication of cellular DNA. Without an exact copy in each new daughter cell, the
intracellular infrastructure of biochemical pathways, proteins, and various other cellular
processes either ceases to perform or amplifies an expressed trait.
Cellular biologists have learned a great deal regarding the cell cycle. The overall process of Mphase (prophase, metaphase, anaphase, telophase), G1 phase (cellular growth), S-phase (DNA
replication), and G2 phase (cellular preparation for division) has been well studied for centuries.
Significant discoveries have furthered cellular biology including the discovery of G0 phase (cell
cycle arrest) and apoptosis that is a programmed cellular death! A great example of apoptosis is
when the tail of a tadpole degenerates during frog metamorphosis. Even more important was
the discovery of cellular regulators such as CDK, cyclin, and others within the nucleus and
cytoplasm of the cell that help coordinate the cell cycle. Without them, unregulated cellular
growth (cancer) can cause insurmountable damage on the delicate internal equilibrium of an
organism.
The cells viewed in this lab are eukaryotic cells, meaning cells with a selectively permeable
membrane, several membrane-bound organelles, and a nucleus. Each organelle performs a
specific job for the cell. While not all cellular organelles can be viewed using a standard
compound light microscope, you will be expected to identify and explain the function of some
of the more easily recognizable ones. Recognizing the nucleus in each type of cell, and noting
that it functions as the control center and houses the DNA, for example. There are two general
types of eukaryotic cells, animal cells and plant cells. While the majority of the cellular
organelles are the same, there are several differences you will observe. During this lab you will
also be responsible for identifying the basic stages of mitosis and the processes that occur
during each stage.

Animal Cells
Animal cells lack cell walls and chloroplasts. The membrane that surrounds the animal cell is the
only barrier between intracellular parts and the environment. The membrane is selectively
permeable, meaning it controls what diffuses into and out of the cell. Water however diffuses
freely across a membrane, a process called osmosis. To transport nutrients into and out of the
cell, membranes are studded with several different types of proteins, lipids, and carbohydrates
to help in the passage of nutrients. When viewed through the microscope, however, the
membrane will look smooth and glassy like a clear water balloon.
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Procedure
1. Obtain a clear microscope slide and add 1-2 drops of water/iodine solution (prepared
for you) to the center of the slide.
2. Gently scrape the inside of your cheek 10-20 times with one end of a toothpick to
collect your cheek cells.
3. Swirl the end of the toothpick with your cheek cells in the water/iodine solution on the
microscope slide. Put a cover slip on the water/iodine droplet.
4. View this slide under the microscope on low power (4x) and then on high power (40x).
You may need to close the iris to increase the contrast to see cells.
5. Your cells should appear as yellow/amber colored deflated water balloons. Some may
be clustered together. Locate the nucleus of your cheek cell. It should appear as an
amber/red colored oval or sand grain within the membrane. Draw a sample of your
cheek cells in the space below. Remember to label the cell membrane and the nucleus
of your cells, as well as provide the total magnification.

Plant Cells
Plant cells contain several unique and easily recognizable organelles that animal cells lack,
particularly the cell wall and the chloroplast. The cell wall does not replace the cell membrane.
The cell membrane is present on the inside wall of each cell, however, it is so thin that it is
unrecognizable. The cell wall functions as a support structure for the plant cell and also allows
some substances to be passed through special channels called plasmodesmata (also too small
to be seen using your current microscope). Chloroplasts house the chlorophyll and are the site
of photosynthesis.
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Procedure
1. Obtain a prepared slide of Elodea leaf and view under the microscope at low (4x) and
high power (10x or 40x).
2. Locate the cell wall on the outer perimeter of the cell. Notice the structural difference
between the animal cell and plant cell.
3. Locate the chloroplasts. They should appear as numerous green discs within the cell
wall.
4. In the space provided below, draw a sample of these plant cells as seen through your
microscope. Remember to label the cell wall, nucleus, and chloroplasts.

Mitosis
Cellular division is a core requirement for the growth, development, maintenance, and
reproduction of all life on Earth. Overall there are 4 stages of mitosis, M-phase (Table 10.1 and
Figure 10.1). The inclusion of interphase completes the general cell cycle. However, interphase
is not part of mitosis. Interphase is comprised of G1, S phase, and G2 phase whereby the
nuclear material and organelles are replicating and preparing for division. The phases of
interphase are governed by different proteins and are initiated separately from the processes
of M-phase.
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Procedure
1. Gather a prepared slide of onion root tips. Hold them up to the light and notice that
there are several longitudinally sectioned root tips on each slide.
2. Examine each section. This is important because one section may very possibly
show stages of mitosis that the others do not.
3. Using your 10x objective, focus on the root cap (the pointy looking area of dead
cells). View the area of living cells just behind the root cap. This will be the area
where the majority of cellular division is taking place and where you will see the
different stages of mitosis.
4. Examine this area and familiarize yourself with the various mitotic stages. Use Table
10.1 and Figure 10.1 to help you recognize each stage of mitosis and what happens
to the chromosomes during these stages
5. In the spaces provided below, draw each stage of mitosis and label the
chromosomes and cell wall(s).
Table 10.1. What happens in each stages of mitosis.

Stage
Interphase
(not part of
mitosis)
Prophase
Metaphase
(side view)
Metaphase
(polar view)
Anaphase
Telophase
Interphase
(not part of
mitosis)

What’s Happening
Individual chromosomes are not visible; nuclear envelope present; one or two
nucleoli clearly visible; chromosomes undergo doubling during this stage.
Doubled chromosomes begin to contract and become visible (look like thin
tangled noodles); nuclear envelope begins to break down; nucleoli gradually
disappear.
Chromosomes are now all attached by their centromeres to the spindle
apparatus and they have lined up in the center of the cell.
Same as above.
Chromosomes begin to pull apart and move to opposite poles of the cell.
Chromosomes condensing and losing their distinctness at extreme opposite
poles; in plants a cell plate (new cell wall) forms between the newly forming
daughter cells.
The nuclear envelope reforms in the two daughter cells from previous mitotic
division; chromosomes dispersed again; nucleoli reappear.
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Interphase

Prophase

Metaphase

Telophase

Anaphase

Figure 10.1. Mitosis in an onion root tip.
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Drawings:

Stage_______________________________

Stage_____________________________

Stage_________________________

Stage_________________________

Stage_______________________________
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Notes to the Instructor: Cells and Mitosis
Purpose
• The purpose of this lab is to give students practice using the microscope as well as the
practice and ability to identify the two major types of eukaryotic cells and the general
events of mitosis.
Setup
• Have staining stations setup prior to class. Have toothpicks, clean microscope slides,
cover slips, plenty of paper towels, and a small beaker or dropper bottle with droppers
ready for use.
•

Have prepared slides out in a designated area easily accessible for students.

Instructional
• Provide a brief introduction to cells and their morphology. Include organelles and their
function with emphasis on organelles that will be able to be viewed and labeled in this
lab.
•

Provide a brief description of mitosis with emphasis on what occurs during each stage
and what the chromosomes look like during these events.

•

Be prepared to help students find the zone of proliferation on the root tip. Encourage
the use of 10-40x objective lenses to view mitotic stages.

Other Options
• If cheek cells are not an option or students do not want to scrape the inside of their
cheek, prepared slides of fish blastula are recommended.
•

Other stains such as methylene blue can be used to highlight parts of cells.
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11. Analysis of Mitotic Cellular Division
Introduction
All living organisms are made of cells and each cell comes from a pre-existing cell. If we look at
the cellular hierarchy (cells, tissues, organs, organ systems, organisms) it is obvious that most
organisms require cellular division (mitosis) for growth, development, and reproduction. From a
single celled amoeba to the giant sequoias of western North America, the key feature of mitosis
is the replication of cellular DNA. Without an exact copy in each new daughter cell, the
intracellular infrastructure of biochemical pathways, proteins, and various other cellular
processes either ceases to perform or amplifies the expressed trait.
Cellular biologists have learned a great deal regarding the cell cycle. The overall process of Mphase (prophase, metaphase, anaphase, telophase), interphase which includes G1 phase
(cellular growth), S-phase (DNA replication), and G2 phase (cellular preparation for division)
have been well studied for centuries. Significant discoveries have furthered cellular biology
including the discovery of G0 phase (cell cycle arrest) and apoptosis which is a programmed
cellular death! A great example of apoptosis is when the tail of a tadpole degenerates during
frog metamorphosis. Even more important was the discovery of cellular regulators such as
cyclin dependent kinase (CDK), cyclin, and others within the nucleus and cytoplasm of the cell
which help coordinate the cell cycle. Without them, unregulated cellular growth (cancer) can
cause insurmountable damage on the delicate internal equilibrium of an organism.
This information leads us to several questions and the purpose of this laboratory: How long
does each mitotic stage last? Which stage takes the longest? The shortest? Why would those
stages be as such? This particular laboratory is designed to investigate and estimate the
duration of each of the stages of the mitotic cell cycle.
Performing this laboratory requires you to first learn basic laboratory procedures. Besides basic
microscopy, these procedures involve:
•
•
•
•
•
•

growing onion root tips,
harvesting and fixing (preserving) the root tips in a chromosome preservative,
hydrolyzing the root tips to soften the cell walls,
staining the root tips with a DNA-specific stain,
preparing squash preparations on microscope slides, and
scoring mitotic stages.

Materials
Compound Light Microscope
Water
HCL
*

Onion Root Tip Prepared Slides
Wooden Dowels
Clark’s Fixative

Pearl Onions
Schiff’s Reagent *
Acetic Acid

See Notes to Instructor, page 40
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Procedure
Part I: Mitosis in Prepared Sections
Before making squash preparations, accurate recognition of these stages will be required.
1. Gather a prepared slide of onion root tips. Hold them up to the light and notice that
there are several longitudinally sectioned root tips on each slide.
2. Examine each section. This is important because one section may very possibly
show stages of mitosis that the others do not.
3. Using your 10x objective, focus on the root cap (the pointy looking area of dead
cells). View the area of living cells just behind the root cap. This is the meristematic
area. This will be the area where the majority of cellular division is taking place and
where the different stages of mitosis will be seen.
4. Examine this area and familiarize yourself with the various mitotic stages. Use Table
11.1 and Figure 11.1 to help you recognize each stage of mitosis and what happens
to the chromosomes during these stages. Once you have familiarized yourself, move
on to Part II.
Table 11.1. What happens in each stage of mitosis.

Stage
Interphase
(not part of
mitosis)
Prophase

What’s Happening
Individual chromosomes are not visible; nuclear envelope present; one or two
nucleoli clearly visible; chromosomes undergo doubling during this stage.

Doubled chromosomes begin to contract and become visible (look like thin
tangled noodles); nuclear envelope begins to break down; nucleoli gradually
disappear.
Prometaphase Chromosomes are thickened but not yet attached to spindle fibers.
Metaphase
Chromosomes are now all attached by their centromeres to the spindle
(side view)
apparatus, and they have lined up in the center of the cell.
Metaphase
Same as above.
(polar view)
Anaphase
Chromosomes begin to pull apart and move to opposite poles of the cell.
Telophase
Chromosomes condensing and losing their distinctness at extreme opposite
poles; in plants a cell plate (new cell wall) forms between the newly forming
daughter cells.
Interphase
The nuclear envelope reforms in the two daughter cells from previous mitotic
(not part of
division; chromosomes dispersed again; nucleoli reappear.
mitosis)
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Interphase

Prophase

Metaphase

Telophase

Anaphase

Figure 11.1. Mitosis in an onion root tip.
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Part II: Analyzing Mitosis in Onion Root Tip Chromosomes
1. Skewer several pearl onion bulbs on a wooden skewer so that the root tips can suspend
in a dish of water. It takes 3-4 days for the bulbs to sprout under these conditions.
2. Harvest the root tips by removing them from solution and carefully blot away excess
fluid with a kimwipe. Use scissors to snip off the roots and place them in a vial of Clark’s
fixative (3 parts 100% ethanol mixed with 1 part glacial acetic acid), and let fix for at
least 15 minutes; the vial of root tips in fixative is then stored in a regular freezer.
3. Decant the fixative from the vial of root tips into a waste container, rinse with distilled
water, and treat with 1 N HCL for 10 minutes at 60C, then rinse in distilled water and
store the root tips in distilled water until used.
4. Decant the distilled water and add 5ml of Schiff’s Reagent to the root tips
a. This will stain your clothes and your skin a permanent bright pink if you spill or
touch the reagent!
5. Let stain for 30 minutes at room temperature.
6. Wash the root tips several times with distilled water.
a. Pour the liquids into the waste container and use a squirt bottle of distilled
water to wash the roots
7. Use forceps to transfer a few of the roots to a dish of 45% acetic acid, where they
should soak for at least 1 minute.
8. Now transfer the root to a small drip of 45% acetic acid on a very clean microscope
slide, and cut off and save the darkly stained growing tip (this is the meristem); discard
the remaining, unstained portion of the root. DO NOT LET THE ROOT TIP DRY OUT! Add
more acetic acid if necessary.
9. Now use the tip of a scalpel or razor blade to mince the root tip very finely, try to make
it disappear into a pink slurry on the slide.
10. Remove any large chunks (i.e. push them out of the way) and carefully cover the minced
tissue with a very clean glass coverslip.
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11. Now put the slide between two paper towels, and use your thumb to push down on the
coverslip. Push gently at first, gradually increasing the pressure until you are really
pushing down hard. Do not let the coverslip slide sideways because this will cause the
cells to roll up and will ruin your preparation.
12. Examine with a compound microscope using bright field optics, and working your way
up from the lowest power.
Estimating the Duration of Mitotic Stages
Using your onion root tip slide preparations at an appropriate magnification, identify and
record the stage of mitosis of at least 100 cells. In other words, find an area on the slide in
which you can clearly see a large number of non-overlapping cells with at least some obvious
mitotic cells and record the stage (prophase, metaphase, anaphase, telophase, or interphase)
of each. Then move to a completely different area on the slide and count and characterize
these cells and so on.
The proportion of cells in any given stage is proportional to the duration of that stage; that is,
you can expect to see the most cells in the stage that lasts the longest. You can estimate the
relative duration of each stage in the cell cycle by calculating the percent of observed cells in
each stage. You should end up with a data table similar to Table 11.2.
Record Your Tallies Below
Stage
Interphase

Number of Cells Observed in That Stage

Prophase
Metaphase
Anaphase
Telophase
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Laboratory Report
Your lab report should be written in scientific format. For more guidance refer to the example
lab report at the beginning of the lab manual. Use the guidelines below to help you write each
section:
Introduction
• What is mitosis?
• What happens during each of the stages?
• What factors may influence the duration of each mitotic stage?
• What was the purpose and hypothesis of this lab?
Materials and Methods
• Write a complete narrative of the procedures used during this lab.
Results
• Write a complete narrative of the data observed.
• Include tables and/or graphs of the class data (see Table 11.2 and Figure 11.2 as
examples).
• Report results of chi-square statistics in correct format (see chi-square description on
page 38).
Table 11.2. Relative duration of the stages of mitosis in onion root tips, based on data
from squash preparations stained with Schiff’s reagent.

Stage

Number of Cells
Observed

Duration (%)

Interphase
Prophase
Metaphase
Anaphase
Telophase
Total
Next, use these data and a computer-assisted graphics program (e.g. Excel, SPSS) to construct a
bar graph (labeled as a Figure in your report), putting stage (the independent variable) on the xaxis, and duration (the dependent variable) on the y-axis. If interphase is off the scale and/or
distorts your graph, omit that stage (Figure 11.2).
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Figure 11.2. Relative duration (%) of mitotic stages in onion root tips grown at low temperature
(experimental) compared to room temperature (control).

Discussion
Questions you should think about include:
•
•
•

Did the data support or not support the hypothesis?
What are some reasonable explanations for the differences observed in duration of
each stage of mitosis in normal onion root tip cells? List and discuss at least two.
What other experiments could be done or how would you perform this experiment
differently?

Chi-Square Analysis
This test statistic is used to compare observed data against expected values in experiments that
have several variables.
Table Setup
1. Open an Excel spreadsheet.
2. Label row 1, Stage.
3. Label row 2, Observed cells.
4. Label row 3, Expected cells.
5. Enter class data in the observed cells row.
6. Find the summation of this row (you will need this value to determine what is the
expected number).
7. Enter the expected value for the mitotic stage in each column.
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a. Since our null hypothesis is that there will be no difference in mitotic stage
duration, we can assume that the expected number of cells to be found in each
stage should be equal to one another.
b. To determine the expected value, divide the total number of cells observed by
the number of stages that were counted (in this case 5).
Example:
Stage
Observed cells
Expected cells

Interphase
10
20

Prophase
20
20

Metaphase
30
20

Anaphase
15
20

Telophase
25
20

Total
100

Determining Chi-Square Value Using Excel
1. Click on <Formulas.>
2. Click on <More Functions.>
3. Click on <Statistics.>
4. Click on <CHISQ.TEST.>
5. In Actual Range, highlight the observed cells row.
6. In Expected Range, highlight the expected cells row.
7. Click <OK.>
The value that is generated is the P-value (probability value). We want a P-value that is <0.05.
This means that there is a less than 5% chance that the data we gained through this study
happened purely by chance. If the P-value is >0.05 then this means our data most likely
happened by random chance and are not significant.
Report statistic as (Chi-square, df, P-value)
Example: (Chi-square, df=4, 0.001)
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Notes to the Instructor: Analysis of Mitotic Cellular Division
Purpose
• The purpose of this lab is to introduce students to the process of mitosis as well as the
scientific method.
Setup
• White or yellow onions work best for this lab.
•

No more than 25-50% of the onion should be placed in the water.

•

Flat razor blades or large scalpel blades work best and should be covered when not in
use or dispensing.

•

Make Schiff’s Reagent (students can do this with instructor supervision)
- Dissolve 5g of basic fuchsin in 900ml of boiling distilled water
- Cool to approximately 50oC and slowly add 100ml of 1N HCl
- Cool to approximately 25oC and dissolve 10g of K2S2O5
- Shake for 3 minutes and incubate in the dark at room temperature for 24 hours
- Add 5 grams of fine activated charcoal and shake for 3 minutes
- Filter solution (should be clear)
- Store at 4oC in a foil covered bottle

Instruction
• This lab can be used in conjunction with the Cells and Mitosis lab.
•

Watch students during the chopping phase. Some students like to slice the root rather
than chop. Slicing will not work. The slurry should not have any large pieces of root. An
easy way to tell if the root pieces are too large is when the cover slip is placed on the
slurry. If the cover appears to look lopsided at eye level, roots need to be more finely
chopped.

•

Only the stained root tip, deep colored part, is needed. If the root is white, discard it.

•

Do not let the root dry out. Students should be liberal with the 3:1 solution.

•

During analysis, stress that statistics will be performed on the class data. It may be
helpful to project the spreadsheet on to a board for all students to see. Have students
enter the data on their own computers and follow along with the instructor as the
statistics are calculated in class.
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•

Be prepared to trouble shoot with students during the statistics phase on their
spreadsheet program. Be aware that not all students will have the same operating
system nor version of said operating systems.

Other Options
• Beakers, deep petri dishes, plastic pots, and glass bowls all make good alternatives to
growing onion roots.
•

Tap water is suitable.
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12. Bacterial Inhibition
Introduction
Members of kingdom Monera are the smallest, simplest organisms on planet Earth. They are
prokaryotic and unicellular, lacking a structured nucleus and membrane bound organelles and
have a rigid cell wall (made of peptidoglycan) that protects the cell and helps maintain its
shape. This kingdom is divided into two subkingdoms, Archaebacteria and Eubacteria.
Archaebacteria are relatively rare bacteria that have a unique biochemistry and live in extreme
environments. These include thermophiles (heat loving), acidophiles (acid loving), and
halophiles (salt loving) bacteria. They are believed to represent the earliest forms of life.
Eubacteria (true bacteria) exhibit three distinct characteristic morphologies (shapes) that can
be arranged in a variety of ways. We will investigate these morphologies later during this lab:
•
•
•

bacillus- rod-like shape, bacilli plural
coccus- spherical shape, cocci plural
spirillum- spiral shape, spirilla plural

Bacteria are classified based on staining, morphology, metabolism, biochemistry, and
physiology. Most bacteria are heterotrophic, obtaining their organic nutrients from other
organisms and their environment. Most of these heterotrophs are saprophytes, gaining their
nutrients from dead and decaying organisms or material. Saprophytes are imperative in the
breakdown of this matter into inorganic chemicals to be used by other organisms (mainly
plants). Through this process, bacteria clean up the environment and recycle important
nutrients.
Other bacteria are autotrophs, producing their own organic nutrients, or chemosynthetic, able
to utilize inorganic molecules and convert them into organic material. Photosynthetic bacteria
(cyanobacteria) utilize the power of the sun to synthesize their organic material. These
organisms inhabit aquatic habitats, contain chlorophyll a, and produce oxygen as a waste
product. It is these organisms that are believed to have changed our early harsh atmosphere
(by human standards) into the breathable atmosphere we experience today.
Gram staining is the most important technique used to classify bacteria because it often
correlates with the effectiveness of certain antibiotics on certain bacteria. This procedure is
based on different chemicals and structures found in the bacterial cell wall. Gram positive
(Gram +) bacteria have a thick cell wall and retain a purple dye making them appear dark blue
or purple in color. Gram negative (Gram -) bacteria have a thinner cell wall and do not retain a
purple dye, making them appear pink when viewed.
Reproduction in bacteria can occur either asexually or sexually. Some even have the unique
ability to wait out harsh environmental conditions in non-reproductive modes. The above
strategies are explained below:
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•

•

•

Asexual
o Binary fission: the bacteria simply splits in two leading to exponential growth,
each new cell is genetically identical to the parent.
Sexual
o Conjugation: bacteria transfer genetic information (DNA) between each other
through a small tube called a pilus (pili plural). This results in a genetically new
bacteria offspring.
Non-reproductive
o Endospores: Consist of DNA and cytoplasm that is contained within a thick,
durable endospore wall. When environmental conditions become poor, the
bacteria dies and leaves the spore behind. When environmental conditions
return to normal, the spore grows back into a functional bacterial cell.
o Capsule: This outer layer contributes to the virulence (ability to cause disease)
of a bacterium and often protects the bacteria from being phagocytized
(engulfed) by immune cells.

As far as the environment goes, bacteria are everywhere. They are on virtually every surface
including human skin and in our digestive tract! Since the discovery of pathogenic bacteria,
humans have been waging war on bacteria in an attempt to eradicate them using hundreds of
different kinds of chemicals including common cleaning products. Of course, in true natural
selective fashion, some bacteria contain genes within their DNA that make them resistant to
the various chemicals and antibiotics contained within household cleaners. During this lab we
will investigate the various morphologies of bacteria and conduct an experiment to determine
not only what the most bacterial ridden surface is in your everyday environment, but also what
household cleaner works the best.
Part I - Bacteria Morphology
Obtain a slide with prepared bacterial smears and draw a diagram of these three bacterial
shapes in the space provided below as you see them through the microscope. Also view, draw,
and label the various forms that have been gram stained (+ & -) in the space provided. BE
PATIENT with the microscope! These forms are very small and you may need to use high power
to begin to see the shapes. However, always begin by focusing on the slide with the lowest
power and then increase the magnification.
•

Coccus-round
o single cocci
o diplococcic – two cocci together
o streptococci – chain of cocci
o tetrad – four in a square
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•

Bacillus- rod
o single bacillus
o diplobacilli – two bacilli
o streptobacilli – chain of bacilli
o coccobacilli – rounded bacilli

•

Spirillum- squiggly, smooth
Coccus

Bacillus

Spirillum
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Part II - Bacteria in Your Environment
The objective of this part of the lab is to investigate what surfaces in your daily environment
harbor the most bacteria. This will require you to thoroughly swab a surface (which will be
randomly selected for each group) using a sterile cotton applicator and transfer these bacteria
to a petri dish of nutrient agar. The nutrient agar contains nutrients the bacteria can eat and
reproduce on. As the bacteria grow, they will form colonies (small dots) on the nutrient agar,
which we will count.
We will also test the effectiveness of different household cleaners to see if they really are
effective at inhibiting bacterial growth. To do this we will use sterile paper discs soaked in a
cleaning solution. These paper discs will be placed on the nutrient agar after the bacteria are
smeared. If the cleaner works, there should be an area surrounding the paper disc called the
zone of inhibition (Figure 12.1). This zone will appear as a clear circle around the paper disc that
is void of any countable bacterial colonies. The larger the zone, the more effective the cleaning
solution. If colonies are seen touching the paper disc, then the cleaner is not effective in
inhibiting (killing) bacteria and, therefore, those bacteria are resistant (carrying a gene) to that
cleaner or the cleaning agent may be ineffective.

B
I

Figure 12.1. Inhibition zone (I) and surrounding bacteria (B).

Procedure
1. Gather two plates with nutrient agar and label the lids as follows along with your
group’s initials
a. C - this will be control group, paper discs soaked in distilled water
b. E1 - experimental group 1, paper discs soaked in Clorox wipes solution
2. The instructor will pull the names of several everyday surfaces out of a hat and assign a
surface to each group. Once your group has its surface, take two sterile applicators to
that surface (one for each plate) and swab the surface for 30 seconds. Swab using a
small circular motion while twisting the swab between your thumb and forefinger.
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**Remember – DO NOT open the applicator until you are at the surface and ready swab. Be
sure to touch only the surface your group is testing!**
3. When you are done swabbing, bring the applicators back to the lab.
4. Choose one of your plates and one of your freshly inoculated swabs. Gently (I mean very
gently, just barely touching the agar) drag the applicator cotton tip with bacteria on it
across the plate using a zigzag motion while twisting the swab between your thumb and
forefinger.
5. Turn the plate 90o and repeat step 4.
6. Once the plate has been inoculated, use sterile forceps to transfer 3 paper discs from
the respective solution to the correct plate. Place the paper disc gently on the surface of
the agar and give a light tap to the top of the disc with the forceps to secure the disc. DO
NOT PUSH THE DISC INTO THE AGAR! The disc should rest securely on top of the agar.
Arrange the discs so that they are equidistant from one another (Figure 12.2).

Figure 12.2. Example of disc orientation in the petri dish.

7. Once all three plates have their respective discs firmly attached, place them in the
incubator set at 37oC for 48 hours or on the lab bench until next laboratory meeting.
8. After the allotted time you will want to come into the lab and check your plates. You will
collect the two sets of data listed below. The following week, we will pool the class data
and discuss which surface had the most bacteria and the effectiveness of our household
cleaners.
a. The number of colonies each plate produced - a colony appears as a small to
large whitish and/or colored dot on the agar plate.
b. The diameter of the inhibition zone - use a ruler to measure the diameter of the
entire inhibition zone (Figure 12.1). Determine the average diameter of the
inhibition zone and record this in your data table as well. If no inhibition zone
exists, put a - in the data table.
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Laboratory Report
Introduction
• What are bacteria?
• How are they categorized?
• Why are certain bacteria able to resist antibiotics?
• What is your hypothesis and what was the purpose of this lab?
Materials and Methods
• What did you do and how did you do it?
Results
• What surface had the most bacteria?
• What were the colony numbers like between the two treatments and between the
different surfaces?
• How did the inhibition zones compare between the two treatments and different
surfaces?
• Provide tables and/or graphs and statistical analysis where needed.
Discussion
• What do your results mean?
• Why do you suppose some inhibition zones on some surfaces were larger than others?
• What could account for the differences in the number of colonies amongst different
surfaces?
• Will you change your cleaning habits as a result of this lab?
• What could have been done differently in this lab and/or what questions do you have
after seeing the results of this lab?
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Your Group’s Data Table - Surface Swabbed_________________________________
Control Plate

Experimental Plate 1

Inhibition Zone 1
Inhibition Zone 2
Inhibition Zone 3
Average Inhibition Zone
(mm)
Colony Count

Class Data Table
Surface

Control Plate
Avg. IZ (mm)

Colony
Count

Exp. Plate 1
Avg. IZ (mm)

Colony
Count
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Notes for the Instructor - Bacterial Inhibition
Purpose
• The purpose of this lab is to acquaint students with the three general shapes of bacteria,
their ability to live on many different surfaces often with multiple other types of
bacteria and fungus, and the scientific method.
Setup
• Prepare the petri dishes with media and paper holes soaked in cleaner solution or
distilled water at least 1 day prior to the lab.
•

Provide markers, rulers, tape, or parafilm to secure the lids during incubation; sterile
swabs, paper circles soaking in solutions, and forceps should be available in a place
easily accessible to students.

•

Preset incubator at least 24 hours prior to start of lab.

•

Paper circles can be made using a hole punch.

•

Tell faculty and staff that students may be coming around to swab various surfaces for
this lab so that students are not inadvertently stopped by faculty or staff who observe
students in areas where they are not usually seen.

Instructional
• Stress to students to swab for 10 seconds while turning the swab when collecting
bacteria on their chosen surface. This will standardize for the amount of bacteria that is
collected during swabbing since longer swab times will potentially collect more bacteria
than shorter swab times. Timers can also be used.
•

Stress to students not to press the swab into the gel in the petri dish, but rather just
touch the swab to the surface and glide it across the top while twisting the swab.

•

Emphasize that soaked paper circles should be gently pressed into the agar using the
forceps so that they adhere to the surface. Pressing should not indent the surface of the
agar.

•

Petri dishes should be placed upside down in the incubator. This way, condensation
droplets will not fall on the agar and dilute to growing bacteria.

•

Instruct students not to open the petri dishes when removed for measurement. Foul
odors are often produced because of bacterial metabolism.
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•

Warn students that they will either see individual bacterial colonies, smears, or a
combination thereof. Countable colonies should be counted regardless of size. Smears
can often be several colonies clustered together. If colonies cannot be accurately
counted, use TNTC (too numerous to count) as a colony count designation.

Other Options
• Different agar media can be used to target specific types of bacteria and their trophic
modes. Research by the instructor should be done if choosing this option. Nutrient
broth, Rose Bengal agar, and tryptic soy agar are good starting points.
•

Depending on the temperature and experimental setup desired, an incubator does not
have to be used. Growth can occur at room temperature, but will take longer for
growth to appear, up to 1 week.
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13. Protists
Introduction
Protists are a group of unicellular or colonial organisms that show similar characteristics to
animals, fungi, and/or plant life. They are not bacteria. Scientists believe that protists
represent the next evolutionary step after bacteria, evolving from them over millions of years.
This is the first biological level with cells that are eukaryotic, meaning they have genetic
material (DNA) contained within a nucleus, as well as membrane-bound organelles that
perform a variety of physiological functions for the organism. Protists tend to live wherever
water is available (freshwater, marine, body fluids) and must constantly maintain proper water
balance. Loss of too much water causes desiccation (dehydration) and too much water can
cause the cell to rupture. To maintain the correct osmotic balance, some protozoans (animallike protists) have a structure known as a contractile vacuole that allows them to collect and
pump out excess water.
Protists (for the purposes of this lab) can be divided into two broad categories; animal-like
protists and plant-like protists. Animal-like protists are called protozoans and are heterotrophic,
meaning they have to consume organic matter for energy. They are also called holotrophs,
meaning they engulf food into vacuoles where digestion takes place with the use of enzymes. In
addition to engulfing material, protozoans can also absorb nutrients through their membrane
and in some cases are parasitic. Protozoans are further divided into three different types by
their mode of locomotion. Flagellates are protozoans with one or more flagella (long hair-like
structures), amoeboid protozoans that move using cytoplasmic streaming, and ciliates which
move by means of cilia (short hair-like structures).
Plant-like protists are generally autotrophic and contain pigments that allow for the organism
to collect specific wavelengths of light that enhance their ability to undergo photosynthesis.
Green, brown, and red algae are all excellent examples of plant-like protists and can be found
at various depths within aquatic habitats (fresh water and marine). Some plant-like protists still
contain one or more flagella or cilia in order to move within a water column. Biologists believe
these structures help maximize photosynthetic output by allowing the individual to move to
areas where the level of light intensity is the best. Other plant-like protists secrete a calcium or
silica shell that houses the main body of the organism, but are thin enough to transmit light for
photosynthesis.
Of course, there are protists that exhibit both animal and plant-like qualities. During this lab
you will become familiar with some of the most popular representatives of each group. Be sure
to take note of the structures can be seen in both live specimens and prepared slides. When
viewing specimens through a wet mount, be sure to close the iris in order to increase contrast
on these translucent organisms.
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Materials
•
•
•

Live specimens: Amoeba, Paramecium, Euglena, Spirogyra
Prepared slides: Amoeba, Paramecium, Euglena, Diatoms, Spirogyra,
Dinoflagellates
Equipment: compound light microscope, microscope slides, cover slips

Animal-Like Protists
Phylum Sarcodina (amoeba)
Amoebas are animal-like protists that exhibit cytoplasmic streaming. They are able to force
their cytoplasm into different sections of their membranes and extend pseudopods (false feet).
These enable them to move around and engulf (phagocytose) prey such as bacteria, paramecia,
and algae and move them into vacuoles for digestion.
Make a wet mount of an amoeba specimen from the jar provided and observe cytoplasmic
streaming. Also view a prepared slide of amoebas. Draw and label the following structures for
your later reference: nucleus, cell membrane, pseudopods, food vacuoles.

Live or Prepared Specimen

Magnification_________
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Phylum Ciliophora (paramecium)
These are some of the most advanced protozoans known. They move by tiny hair like structures
called cilia that usually surround the organism’s body, but may be focused in one particular
area for specialized behaviors. They also possess an outer covering that surrounds the
membrane called a pellicle. Paramecia possess trichocysts, which are specialized dart-like
structures used to capture prey and for defense. Cilia are used to sweep food into a mouth like
structure called the gullet. Food is then moved to a food vacuole where enzymes and
hydrochloric acid digest the food. After absorption of nutrients, the waste is excreted out of a
structure called the anal pore. You should be able to see a contractile vacuole squeezing water
out at regular intervals to maintain osmotic balance.
Make a wet mount and observe a prepared slide of this creature. Draw and label the following
structures: gullet, nucleus, cilia, food vacuole, contractile vacuole.

Live or Prepared Specimen

Magnification_________
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Plant-Like Protists
Division Euglenophyta (euglenoids)
Euglenoids are unicellular protists that possess both plant and animal characteristics. They
have chloroplasts that, like plants, use light energy to make organic molecules (carbohydrates).
However, they possess flagella for movement and an eyespot that allows them to detect and
either move toward or away from light. This ability is called phototaxis with positive phototaxis
meaning movement toward light and negative phototaxis meaning movement away from light.
Make a wet mount of a live specimen and view a prepared slide of this representative. Draw
and label each of the following structures: cell membrane, reddish eyespot, chloroplasts,
flagella, nucleus.

Live or Prepared Specimen

Magnification_________
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Division Chlorophyta (green algae)
Spirogyra is a type of green algae and, like plants, contains chloroplasts for photosynthesis and
a cell wall that provides rigidity and support. Individuals are filamentous in shape and form
dense mats referred to as pond scum in aquatic ecosystems. They have a tubular appearance
with spiral shaped chloroplasts encircling the inside of the cell wall. Nuclei can also been seen
as blackish spots inside the cell body. Observe a live specimen of Spirogyra, as well as a
prepared slide. Draw and label the following cell structures: cell wall, chloroplast, nucleus.

Live or Prepared Specimen

Magnification_________
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Division Bacillariophyta (diatoms)
These organisms produce a large portion of the oxygen in our atmosphere and they possess an
amazing structure. Their cell wall is made of silica, a naturally occurring mineral that makes
these organisms look glassy. As a result, these organisms have amazingly sharp edges and often
look like small glass shards. In addition, they also possess chloroplasts for utilizing the sun’s
energy. When diatoms die, their shells collect on the ocean floor. Over time, massive deposits
of these shells have accumulated and are now mined for use in abrasives such as cleaners,
toothpaste, and filtration systems. The shapes and sizes of diatoms vary widely.
View a prepared slide of diatoms, and make a drawing of a few in this space.

Magnification_________
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Division Dinoflagellata (dinoflagellates)
Most of these unicellular algae are marine organisms that possess chloroplasts. Many can be
either holotrophic or autotrophic, switching back and forth as required. They have a cell wall
and all possess two flagella. In situations where nutrients are plentiful, these organisms can
divide at amazing speeds, resulting in a red coloration known as a red tide. Toxins produced by
many of these organisms will often result in massive fish kills, ruin shellfish for commercial use,
and cause human health issues.
View a prepared slide of these creatures, and make a drawing below.

Magnification_________
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Notes to the Instructor: Protists
Purpose
• The purpose of this lab is to give students a brief introduction to the three main
categories of protists and their morphology.
Setup
• If using live protists, order them so they arrive at least three days prior to the lab.
Protists start to deteriorate about 1 week after delivery depending on the temperature
conditions of the room.
•

Have prepared slides available in an easily accessible location for students.

Instructional
• Use Protoslo to slow down protists.
•

Prepared slides are used for comparisons against live specimens. Depending on when
this lab is run during the semester, and if a lab practical will be administered, live
protists may not live long enough to be used in a lab practical exam. With immobile
specimens fixed in prepared slides, students get a better opportunity to view general
structures and overall body shape whereas living specimens are good to use for
students to observe behaviors.

•

This lab can be used in conjunction with the periphyton lab as an introduction to protists
to make identification of protists easier when viewing slides from the periphyton
laboratory.

Other Options
• To prolong the life of living protists or to cut down on costs, a protist tank can be set up
to run year-round. An aquarium filled with fresh water from a local pond with a 2-4 cm
deep substrate of pebbles or small river rocks can be a great source for protists. Unused
protists ordered from biological supply companies can also be placed in the tank to
begin culturing. The tank should be placed in indirect sunlight to prevent overheating or
away from the sun with a plant grow light or LED fish tank light purchased from any local
pet store placed on top of the tank. The tank can be reseeded with algae or pond water
at any time. Use municipal tap water with caution since chlorination is toxic to protists.
Spring water or collected rain-water is best.
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14. Periphyton
Periphyton is a critical food source for all aquatic system food webs and chains. What is
periphyton? Chances are you have seen periphyton before but never thought to look past its
appearance. Periphyton is a mass of algae that attaches to practically anything in a body of
water. Typically either green or brown, these algae mats are much more than a gooey looking
blob in the water. In fact, these algae mats are an entire community of microscopic organisms
known as protists. All types of protists are present including animal-like, plant-like, and funguslike protists.
Ultimately, these mats provide food for primary consumers whereby the nutrients consumed
and stored are passed on to higher level consumers. This ecological function is so critical that
periphyton communities can be used as bioindicators to inform scientists on the health of
aquatic ecosystems. Fluctuations in water chemistry will often affect periphyton first. A positive
trend in water chemistry often produces a periphyton boom, increasing productivity and
biodiversity, therefore increasing food resources to higher level consumers like fish. Pollution,
depending on the type, often has the opposite effect by inhibiting periphyton growth.
However, pollution doesn’t need to be present to see differences in periphyton growth. Just
like other organismal communities, amounts of periphyton fluctuate in their growth and
composition based on where they are in an environment and the fluctuation of abiotic factors.
This laboratory will not only give you a sense of how diverse periphyton communities are, but
also how abiotic factors such as light levels can influence the over growth and composition of
these protist communities.
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Materials and Methods
This lab will be using a device called a periphyton sampler. They are traditionally used by
aquatic scientists as a quick and easy way to sample periphyton communities in specific
locations. Their design is, essentially, a floating microscope slide tray. They hold a number of
microscope slides at the surface of aquatic systems to aid in algae growth. These samplers will
be tied to an anchor in a pond or stream with enough rope to allow the sampler to float freely
(Figure 14.1). One sampler will be placed an area of water that will receive direct sun while the
other will be placed in the shade. After one to two weeks, the samplers will be collected, and
the slides viewed to identify the types of protists found in these two areas. Be sure to observe
the amount of growth that occurs on each sampler so you can compare the different samples.
To view slides from the sampler you will use the compound light microscopes provided by the
instructor. Algae will have grown on both sides of the microscope slides in the sampler.
However, the microscopes you will be using will get covered in algae quickly if you do not take
care to properly handle the slides. When you pluck a microscope slide out of the sampler,
immediately wipe off one side of the microscope slide with a dry paper towel. Place the dry side
of the slide on the table and place a cover slip over the algae side. Also check that there is
enough water underneath the cover slip so that the algae can remain hydrated. As the slide
dries out, add more water until your survey of the slide is done.
Use the photo identification guides provided by the instructor to identify as many protists as
you can. In rare cases you may be able to identify specific species of protists, but do not stress
over this. Rather look for protists that fit into large groups such as amoebas, paramecium,
rotifers, and so on. Do not overlook the algae. Just because the protists are not moving does
not mean it is not worth looking at and documenting. Make drawings of your findings as well.
View at least one slide from each of the treatments in this laboratory. If time permits, please
view more.

Figure 14.1. Periphyton sampler placed in water.
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Results
• Use the boxes below to draw of your findings. Be sure to provide your organisms
identification.
Periphyton sampler treatment_____________________________
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Periphyton sampler treatment_________________________________________
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Laboratory Report
Introduction
• What is periphyton and what role does it play in the environment?
• Why should periphyton be used as an indicator of environmental health?
Materials and methods
• What did you use and how did you use it?
Results
• Include your drawings in the report.
• In what percentage (estimate) did you see each of the following main groups of protists
in each treatment?
§ Light
- Plant-like ____________________
- Animal-like___________________
- Fungus-like___________________
§ Shade
- Plant-like____________________
- Animal-like___________________
- Fungus-like___________________
Discussion
• What do you suppose accounts for the difference in the amount of periphyton growth
between the two sampler treatments? Why is this important?
• What type of protist (plant, animal, fungus) did you find in the highest percentage? Why
do you think this is and what significance does that have for the environment?
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Notes to the Instructor: Periphyton
Purpose
• To give students practice using the scientific method, field experience in data collection,
practice in identifying protists, and knowledge of how abiotic factors affect organismal
growth and development.
Setup
• If you plan to place samplers on property that is not owned by your institution, get
permission to place samplers at least one month prior to deployment. Provide an
accurate description of the lab, where the samplers are to be placed, and the intended
data to be gathered or educational value of the lab. Also, if using a department or
campus sampler in the field, include a waterproof tag with your contact information and
department attached to the sampler during deployment.
•

One or two microscope slides can be used per slot. Providing two slides per slot
increases the available surface area for periphyton.

•

Provide enough slack on the rope so that the sampler floats freely on the surface of the
water. If using a bottom anchor to secure the sampler rather than a stake or branch on
the bank, check the local weather report for any potential precipitation that may occur.
Adjust the amount of slack in the anchoring rope accordingly so that the sampler does
not become submerged.

Instructional
• On the first outing, describe the general location(s) where the samplers could be placed.
Then have the students decide where to place the samplers.
•

Be sure that the slide lock is set over the microscope slides mounted in the sampler slots
before students deploy them so that the slides do not fall out.

•

When collecting and viewing the slides, to protect the microscope, one side of the
microscope slide must be wiped off so as to not get the microscope stage overly wet or
clogged with periphyton.

•

Be sure to draw attention to the amount of growth on each sampler.

•

Transport samplers in a wide bucket partially filled with water or wrap the samplers in
wet paper towels. The slides must not dry out.
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Other Options
• Periphyton samplers are expensive. This lab requires two in order to perform the
activity. A similar slide arrangement could be made by cutting the bottom out of a
plastic slide box with a Dremel tool and then attaching some sort of floating material
such as foam or capped plastic bottles. As long as the slides remain submerged just
under the surface of the water, periphyton should grow on the slides.
•

If a simple survey is all that is needed, one sampler can be used and placed in a sunny
area. Multiple slides can be placed in each slot in order to ensure there will be enough
slides for large classes to view.
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15. Plants
Introduction
The plant kingdom is incredibly diverse. Almost all plants are multicellular, eukaryotic,
autotrophic organisms. They contain chlorophyll a and b, pigments that allow them to capture
light energy from the sun to produce organic molecules (carbohydrates). There are a few
carnivorous plants, which consume organic material of other organisms. Examples of this
include the pitcher plant (Dionaea muscipula) and Venus flytrap (Sarracenia purpurea). Plant
cells have a cell wall, which is made up of a tough, durable material called cellulose. All plants
have life cycles that include a sporophyte (diploid) and a gametophyte (haploid). As such, plant
cycles are said to be alterations of generations, changing between haploid and diploid
organisms. Some plants (mosses, liverworts, hornworts) spend the majority of their life as
gametophytes, while other plants (ferns, pines, flowering plants) spend the majority of their life
as sporophytes.
The five primary types of plants are the mosses, liverworts and hornworts, ferns and fern allies,
gymnosperms (conifers), and angiosperms (flowering plants). They are each distinguished by
their morphology, life cycle, presence or absence of vascular tissue, and the type of seed (if
any) they produce. Angiosperms can be further broken into two broad categories, monocots
and dicots. Monocots sprout with one seed leaf while dicots sprout with two leaves. For the
purposes of this lab we will investigate these two categories and how the vascular bundles
(Figure 15.1), which contain the vascular tissues vital for the plant’s survival, are arranged in
several organs of the plant.
Xylem and phloem are the vascular tissue of roots and stems. Xylem moves water and minerals
from roots up to the rest of the plant. Phloem moves nutrients produced in the leaves down to
the body and roots of the plant. Xylem is made up of tubes of hollow cells called tracheids and
vessel elements. Tracheids are long, spindle-shaped cells that are connected by pits where cell
walls connect. Vessel elements are connected by a perforation plate, which allows water to
move through them relatively uninhibited. Cells in phloem include sieve tubes and companion
cells. Sieve tubes move food from leaves to the rest of the plant, while companion cells secret
chemicals into the sieve tubes and extract nutrients.
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Phloem

Xylem

Figure 15.1. Basic vascular bundle. Note the shape and size of various cells.

Roots
Monocot and dicot roots are different in terms of physical root structure and arrangement of
vascular tissues. Dicots produce a large, primary root called a taproot that grows deep into the
ground with many secondary roots growing off of the primary root. Monocots produced a
fibrous root system that looks like a thick mat of hair. In terms of vascular tissues, monocots
contain a central area of ground tissue (pith) with vascular tissues arranged around this area.
Dicot roots lack a pith but, have a central area of xylem in the shape of an X surrounded by
phloem, then surrounded by a thin layer of specialized cells that make up the pericycle. View
these differences in a prepared slide of monocot/dicot root cross-sections (monocot on the left,
dicot on the right), draw and label the following structures: vascular bundle, xylem, phloem,
pericycle (for dicots).
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Monocot

Magnification_____

Dicot

Magnification_____
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Stems
The stem serves as a connective link between the leaves, roots, and reproductive organs
(flower). It also serves as a site of food storage and a support system for elevating leaves
toward the sun. The vascular tissues of stems are arranged in different ways depending on if a
stem is monocot, dicot, herbaceous (plants, flowers, grasses, etc.), or woody (shrubs, trees,
etc.):
•
•

Herbaceous monocots - vascular bundles are scattered throughout the stem.
Dicot - the vascular bundles are arranged in rings on the outer edge of the stem just
inside a thin cortex layer. In dicots, the vascular bundles are composed of three tissue
types: xylem, phloem, and vascular cambium. The vascular cambium separates the
xylem on the inner portion of the vascular bundle (towards the center of the stem) and
the phloem on the outer portion (towards the outer surface of the stem) of the vascular
bundle. The central portion contains the pith.

View a prepared slide of monocot and dicot stem cross sections and make labeled drawings of
these two types of stems. Label the: vascular bundle, xylem, phloem, vascular cambium
(dicots), pith (dicots).

Monocot

Magnification_____

Dicot

Magnification_____
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Leaf Structure (External)
Leaves are the primary organ of photosynthesis, and they are sites of gas exchange and water
loss (transpiration). There are several external characteristics of leaves you should take note of
including:
•
•
•

blade - broad part of the leaf
petiole - a stem which attaches the blade to the main stem
venation - arrangement of xylem and phloem (vascular bundles) in the leaf blade.
o Monocots have parallel venation in which lines of xylem and phloem run
parallel to each other without crossing.
o Dicots have netted venation, in which a central vein (midrib) extends the length
of the leaf with secondary veins.

Inspect several examples of leaves provided by the instructor. Draw and label each type of leaf
(monocot and dicot) and label the blade, petiole (dicot), veins, and type of venation.

Monocot

Magnification_____

Dicot

Magnification_____
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Leaf Structure (Internal)
The bulk of photosynthetic activity, gas exchange, and transpiration occur inside a leaf. As you
have probably guessed, the monocots and dicots have nearly the same tissues but these tissues
differ in arrangement within the blade of the leaf:
•
•

•
•

•

•

Epidermis - outer cell layers both on top and underneath the leaf.
Mesophyll - held between the epidermis.
o Dicots - mesophyll is divided into two layers
§ palisade mesophyll - lies beneath the upper epidermal layer and contains
most of the chloroplasts of the cell. Cells are barrel or rectangular
shaped.
§ spongy mesophyll - contains irregularly shaped cells with lots of air space.
It is situated underneath the palisade layer on the bottom portion of the
leaf blade
o Monocots - Appear to lack palisade and spongy mesophyll.
Stomata - openings to the interior of the plant that allows for gas exchange and
transpiration.
Guard cells - reside on either side of the stomata and open and close the stomata which
results in changes in turgor pressure (water pressure within a plant cell) that helps the
leaves stay erect. Water entering the guard cells causes them to open. During
photosynthesis, the stomata open and oxygen is released while carbon dioxide is taken
in.
Venation - vascular bundle arrangement differs in cross section between monocots and
dicots.
o Monocot - vascular bundles appear arranged in parallel rings between the
epidermal layers.
o Dicots - due to the netted venation, vascular bundles within the blade of a leaf
are seldom seen in their entirety. The best representation of vascular tissues
within a cross section of a leaf is at the mid-rib.
Cuticle - thin waxy layer that lies on top of both the top and bottom epidermis. This
layer helps either conserve or shed water depending on its thickness.
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View a prepared slide of leaf monocot (top) and dicot (bottom) leaf cross sections. Draw each
and label the above underlined structures.

Monocot

Magnification_____

Dicot

Magnification_____
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Flowers
Flowers are the reproductive organs of plants belonging to phylum Anthophyta, also known as
the angiosperms or flowering plants. Flowers vary widely in shape, size, and color depending on
the species. Specific parts are kept in whirls (regions) of the flower head and can be
manipulated through selective breeding or natural selection. Flowers are broken into two broad
categories based on symmetry:
•
•

Regular flowers - all parts are of similar size and show radial symmetry; if cut in half in
any direction, the two halves will look the same.
Irregular flowers - show bilateral symmetry; you can only split them one way to have
two equal sides.

For the purposes of this lab you will dissect a lily flower, which has all the basic parts of most
flowers. Use your forceps to dissect out each of the following parts paying close attention to
which region the flowering part is from. Use Figure 15.2 to help you identify the flower parts.
•
•
•
•

•

•

Peduncle - the flower stalk, which supports and holds the flower above the ground or
branch it is on.
Receptacle - part of the flower stalk that holds and supports the floral organs.
Sepals - attached to the receptacle, modified leaf-like structures that protect the
developing flower. Collectively the sepals are part of the region called the calyx.
Petals - generally the colorful part of the flower and are actually modified leaves. They
may be very large or very small, or in some cases, totally absent. The petals collectively
are part of the region called the corolla.
Stamen - male reproductive portion or region of the flower that holds the filament and
anther.
o Filament - stalk that holds the anther
o Anther - where the spores (pollen) are produced
Carpel - consists of a stigma, style, and ovary.
o Stigma - area that catches pollen grains
o Style - stalk that leads from the stigma to the ovary, also where the nuclei
of the pollen grains travel to fertilize the eggs in the ovary
o Ovary – location of the eggs
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Figure 15.2. General flower structures.
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Cone Bearing Plants
Phylum Coniferophyta includes the cone bearing plants also known as the gymnosperms. You
are very familiar with these plants; they include the pine trees that are so prevalent in Upstate
New York, particularly in higher elevations, such as white pine (Pinus strobilus), red pine (Pinus
resinosa), Virginia pine (Pinus virginiana), hemlock (Tsuga canadensis), and red spruce (Picea
rubens). Conifers possess vascular tissue and seeds, but the seeds are naked, unprotected by
any individual structure. A scale-like structure called a cone holds and releases the developing
seeds (plant embryo). In addition, conifers are heterosporous, producing two types of spores,
held within two types of cones (male and female) on the same tree. The male cone produces
microspores and is generally much smaller than the female cone that produces megaspores.
Any seed-producing cone is generally referred to as a strobilus.
Gather a male and female cone from the lab bench and make a drawing of each cone, male and
female, so you can tell the difference in future lab activities. In the female cone, look between
the scales to see if you can spot any remaining seeds.
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Notes to the Instructor: Plants
Purpose
• To allow students to survey the anatomical differences between monocotyledon plants
and eudicotyledon plants.
Setup
• Prepared slides, dissecting needles, forceps, and scalpel blades should be available in an
easily accessible area for students.
•

Keep flowers in water to keep them fresh. Flowers can be obtained at any florist,
grocery, or department store. Be sure to collect healthy looking flowers.

Instructional
• Provide a descriptive key to the morphological differences between the tissues of
eudicotyledons and monocotyledons.
•

Draw students’ attention to the main differences between xylem and phloem and how
to identify them. Emphasize that the arrangement of vascular bundles changes in each
plant organ.

•

Clippings of live specimens of each category should be brought in from a local source
whenever possible. Stress to students how the physical surface anatomy of the plant
organ corresponds to the internal tissue anatomy.

Other Options
• This lab focuses mainly on flower plants. Including more slides or samples of conifer
type plants can also be used.
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16. Plant Growth
Plants form the base of all food pyramids and food webs in practically all ecosystems. Their
main metabolic mode, photosynthesis, harnesses the power of light from the sun or moon in
order to produce carbohydrates. This energy molecule is then consumed by a wide variety of
organisms.
However, despite this profound life-sustaining trait, people still have a difficult time seeing
plants as living organisms! They are overlooked, stepped over, pruned, burned, picked, and
overwhelmingly unrecognized in regards to their critical role in providing a wealth of ecosystem
services and food to all other living organisms. While they don’t move as fast as a cheetah or
make calls like a bird, plants are living things. They are made of cells, undergo reproduction,
metabolize food, and undergo many of the biological processes that we associate with
charismatic megafauna.
Just like animals, plants have specific requirements needed in order to grow. These
requirements go well beyond the dirt, sun, and water that we learned in grade school. In fact,
many plant species require a certain amount of water, a certain amount of light, a certain
intensity of light, and in some cases very specific components in the soil. These components
create conditions such as acidity or alkalinity and nutrient content that contributes to a plant’s
overall growth and development. Temperature is also a factor whereby plants in warmer
climates tend to grow faster than those in cold climates.
The objective of this lab will be to investigate how environmental conditions influence the
overall growth of plants. Working together, we will test the importance of temperature on
plant growth. Your group will be responsible for designating one person per week to measure
the height of your plants for a one month period. At the conclusion of the lab, we will compile
the data and analyze our results.
Materials and Methods
We will be using grow boxes for this investigation. Follow the procedure below for setup.
1.
2.
3.
4.
5.

Fill the growing container with the substrate provided by the instructor.
Add the specified amount of water to the substrate.
Form a 4-6 cm hole in the substrate in a pattern specified by the instructor.
Place one or two corn seeds into each hole and cover the seeds with substrate.
Place one growing container in a room temperature area, place the other in a cooler
area specified by the instructor.
6. In your group, determine a schedule whereby at least one person will check on your
seeds and record their maximum height and temperature during each scheduled
observation. Plants should be checked at least two times per week.
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Results
Your group will be responsible for measuring the height of your plants and ensuring the water
in the grow box remains full. Twice a week, a member of your group will measure the maximum
height of your plant by placing a ruler on the top of the soil and measuring to the highest point
of the plant. The instructor will demonstrate this procedure for the class. A data table will be
provided on a clipboard next to the grow box. Be sure to fill out each row. A sample data table
is shown below.
Date________ Temperature________
Height
(cm)

Height
(cm)

Name of collector_____________________
Height
(cm)

Height
(cm)
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Laboratory Report
Introduction
• Why are plants important to the biosphere?
• What are the basic conditions plants need in order to grow?
• What is the hypothesis/ purpose of this lab investigation?
Materials & Methods
• What did you use and how did you use it?
Results
• Write a narrative of the results stating what the maximum and minimum values were
for each treatment.
• Provide a data table or graph to show the data, with properly labeled axes and a
description.
Discussion
• Which treatment grew the best? The least?
• Why do you suppose this occurred?
• If you were to perform this study again, what would you change?
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Notes to the Instructor: Plant Growth
Purpose
• This lab provides students the experience and practice in using the scientific method
while investigating how abiotic factors influence the general growth and development
of plants.
Setup
• Seeds, containers, substrate, soil, and water should be readily available in an easily
accessible area for students to assemble experimental setups.
•

Notify other faculty and staff that may frequent different areas of the lab or building (if
setups are to be placed in places other than the lab) that an experiment will be
commencing. Place a sign detailing the purpose of the experiment, hypothesis, and
general start/end time frame of the experiment if it is in the public view.

Instructional
• Emphasize examples of how abiotic factors influence a wide variety of growth and
development patterns in organisms, including plants.
•

Depending on the variables being tested, be sure to lead the class in a discussion that
emphasizes what students already know about abiotic factors and also what questions
they have or could ask in relation to their observations or assumptions about what
results they might obtain during their study.

•

Depending on the species of plant and variety of seed, seedlings may take a week or
more to begin to sprout. Alternatively, for fast growing experiment you can use
microgreens.

•

Write a schedule for data collection on the board or produce one in a spreadsheet
program and have students pick a day to collect measurements. Emphasize the team
aspect of scientific research.

•

This lab can be used in conjunction with the plant tissues lab.

Other Options
• Peat pods, available annually, for starting seedlings make for good consolidated
growing media. Extras can be easily stored.
•

A wide variety of plant species can be used. I recommend growing an easy to measure
species.
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17. Spineless Wonders
Invertebrates. Animals without backbones. The mere thought of them can be polarizing. We
either praise their appearance or services, or squash them on sight! Evolutionarily,
invertebrates have dominated planet Earth for hundreds of millions of years. They were the
first to swim through the primordial seas and the first to colonize land. Gigantic at first due to
Earth’s atmosphere being more oxygen rich than today, they have diminished in size over the
millennia and have adapted to every ecological role on the planet. They shred up organic
matter in waterways, consume carcasses aiding in decomposition, and form extremely close
and critical relationships with pollinating plants; activities absolutely required by plants and
animals to survive.
Invertebrates’ long residency on this planet has given them time to diversify into a wealth of
body forms. From humble beginnings, invertebrates have shown evidence that organisms do
not need backbones, localized sensory apparatus such as eyes or antennae, strict body
symmetry, or even a brain in order to survive. Some of the simplest invertebrate organisms,
such as sponges, colonize marine and freshwater habitats and act as filter feeders. Other more
complex invertebrates, such as the insects and arachnids, developed exoskeletons, jointed
appendages, wings, specialized mouth parts, and other specializations that have made them
one of the most successful organismal groups to inhabit the planet. Each group of invertebrates
built upon the morphological features of a previous ancestor. From three tissue layers, to body
segmentation, to specialized sensory structures, appendages and jointed appendages, to
exoskeletons that retain water for internal organs and provide protection. Each adaptation
allowed for new environmental roles (niches) to open and for invertebrates to thrive.
The objective of this lab is for students to explore invertebrate body types and adaptations.
Specimens will be provided that represent a few examples of common invertebrate lineages
you are familiar with. Through careful observation, students will note characteristics that are
unique to each specimen, and then compare each specimen to note the similarities and
differences between each invertebrate group. Finally, students will construct a cladogram
(evolutionary tree) based on the specimens provided and their characteristics.
Cladograms
Traditionally, proposed evolutionary relationships between organisms were based on derived
characteristics. That is, physical characteristics shared between species that are similar in
appearance. For example, dogs, cats, and sea lions are considered carnivores. However, how
can we tell who is most closely related to whom? Today, scientists known as taxonomists, use
genetic evidence to form evolutionary trees. But, this type of analysis started in the 1980s. Prior
to this, taxonomists looked at characteristics such as skeletal features, similar body parts,
general shape of the body, and other physical features to determine evolutionary connections
between organisms.
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If we were to take a look at dogs, cats, and sea lions, we could begin to draw some conclusions
on their relationship based on the shape of the head and skull. Cats have a round robust
braincase, short snout, and a full complement of teeth but fewer in number compared to other
carnivores. Dogs have a small oval braincase, elongated snout, full complement of teeth and
many of them. Sea lions also have a small oval braincase, a snout that is shorter than a dog’s
but longer than a cat’s, and a full complement of teeth fewer in number compared to a dog but
more than a cat. Sea lions also have flippers for feet whereas dogs and cats have paws.
Textually these shared characteristics are confusing to understand. However, if we organize the
information pictorially, we can get a sense of which organisms are more closely related to one
another. A cladogram is a form of evolutionary tree used by taxonomists and evolutionary
biologists to help represent evolutionary relationships between organisms. Essentially
answering the question of which species evolved from an ancestral species. In these diagrams,
any branch of the tree signifies a physical characteristic that all of the animals above that
branch have. If a species does not have that particular characteristic, then they are not included
in that group. At the end of the tree, organisms appearing on the same branch are more closely
related than organisms that are not on that branch (Figure 17.1). Constructing a cladogram is
straight forward. The more characteristics different species have in common, the more closely
related they are evolutionarily.
Cats

Round braincase, short
snout, few teeth

Sea Lions

Dogs

Flippers

Paws

Small oval braincase,
elongate snout, many teeth

Carnivore Ancestor

Figure 17.1. Example of a cladogram constructed using the derived characteristics of dogs, cats, and
sea lions mentioned in this lab. Each branch explains a derived characteristic that sets
these species apart. In this case dogs and sea lions, by sharing similar skull and head
features, are more closely related to each other than to cats.
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Procedure

You will be able to observe several invertebrate specimens in this lab. For each specimen, fill
out the corresponding data table that goes with the numbered specimen. Carefully observe the
key characteristics. When you have completed a data table for each of the specimens, use the
observable traits you recorded to construct a cladogram. Once completed, you can check your
cladogram against the instructor’s cladogram that shows the correct evolutionary relationship
for the organisms you observed in this lab.
Specimens Provided
• Sponge
• Earthworm
• Leech
• Spider
• Scorpion
• Centipede
• Grasshopper
• Cockroach
• Sphinx moth
Invertebrate Features to Observe
• Body Symmetry - can a line of symmetry be drawn across the organism in any way?
o asymmetry - no lines of symmetry
o bilateral symmetry - one line of symmetry can be drawn resulting in a mirror
image
o radial symmetry - several lines of symmetry can be drawn; lines often create a
central focus on the organism
•

Body Segmentation - are there clear segments on the body?
o multiple segments - can occur in soft bodied specimens or specimens with
exoskeletons; can be accompanied by many legs or no legs; can have a subtle
head and tail region.
o head, thorax, abdomen (three clear body segments) - head region often
contains sense organs such as head, antennae, and mouth structures; thorax
often has attached legs and wings; abdomen often has no attached appendages
but does have some flexibility, minor segmentation, and a clear posterior end
with reproductive organs present at times
o cephalothorax and abdomen - head and thorax fused together often with no
obvious segmentation; abdomen segmented in some, often tapering to a tail or
abdomen rounded like a ball which can be hairy or smooth with markings
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•

Body covering - what kind of body covering does the specimen have?
o soft - common in organisms that absorb gases and water through their skin
o exoskeleton - common in organisms that walk on dry land; exoskeleton helps
retain water inside the body to prevent dehydration; can also act as a protective
covering

•

Mouth parts - What kind of mouth parts are present?
o straw-like - used for sucking fluids from areas; can be straight and spear shaped
for piercing through objects or can be a coiled and flexible for sipping fluids out
of vessels such as the bottom of flowers
o chewing - used to grab and/or shred organic matter

•

Number of legs - How many legs does the specimen have and how are they attached?
o none - common in early invertebrates; often accompanied by a smooth body
lacking exoskeleton and no legs.
o six legs (three pairs) - common in insects; all attach to the thorax; all jointed;
covered by exoskeleton.
o eight legs (four pairs) - common in arachnids; all attach to cephalothorax;
covered by exoskeleton
o many - common in millipedes and centipedes; one or two pairs of legs attached
to each segment; covered by exoskeleton

•

Wings - How do the wings look, how are they held, and what are they covered in?
o non-hairy - wing segments clear to colored; plastic looking; often long and rigid
and do not flex well; often held straight out, above, or on the body
o hairy - covered in scales that can create a pattern; can be colorful or dull;
flexible; can be held straight above body or out to the side.
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Laboratory Report
•

Provide your completed table of characteristics.

•

Provide your completed cladogram.

•

Based on your cladogram answer the following questions:
o Which organisms are the most closely related (on the same branch) in your tree?
§ What role do you suppose these related specimens occupy in their
habitat? What characteristics do they have that allow them to taken on
this role?
o Which organisms were the least related (furthest apart) in your tree?
§ How do these organisms differ in their characteristics? How do you
suppose they differ in their niche?
o What organisms appear to be on their own branch?
§ What characteristics do these groups have or lack that caused you to put
them in a group of their own?
§ What role do they serve in their habitat?
o Here are a few other invertebrate organisms you might know of. Where would
you propose these organisms belong in your tree and why?
§ dragonfly
§ tick
§ roundworm
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Table of Observed Characteristics
Specimen

Body
Symmetry

Body
Segmentation

Body
covering

Mouth
Parts

Number of
legs

Wings
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Cladogram

Characteristic

Characteristic

Characteristic

Characteristic

Characteristic
Characteristic

Characteristic

Characteristic
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Notes to the Instructor: Spineless Wonders
Purpose
• This lab emphasizes the use of derived characteristics found in a wide variety of
invertebrate taxa and how these adaptions help us categorize organisms to form
evolutionary relationships while providing the opportunity for students to survey
common groups of invertebrates.
Setup
• Have specimens readily available to students in an easily accessible area. Provide more
than one individual per specimen if possible.
•

Allow the option to view specimens under a dissecting microscope if needed.

•

Label specimens with common and/or scientific names.

Instructional
• Explain what derived characteristics are to students and how we use them to study
evolutionary relationships.
•

Stress the general features of invertebrates that are held consistent throughout
kingdom Animalia, such as symmetry, segmentation as well as alterations that can
occur.

•

As students begin to survey the specimens, promote questioning by the students to help
them better understand what they are looking at.

•

Check the characteristics table once the students are done and correct any
misinformation.

Other Options
• A wide variety of specimens can be used for this lab. The cladogram provided may need
to be adjusted if using different specimens.
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18. Earthworm Dissection
Natural History
While often thought of as slimy creatures that do not deserve much recognition beyond what
they can attract on the end of a fishhook, earthworms (Lumbricus terrestris) serve important
roles in the environment. They help aerate the soil by making burrows which helps distribute
needed gases and water to the roots of plants. They also consume and digest dead leaves and
other organic matter by swallowing soil; the waste products of which make the soil richer with
nutrients. Earthworms themselves also suffice as a food source for many other types of
heterotrophic organisms including other invertebrates, rodents, reptiles, amphibians, birds, and
fish.
The taxonomical breakdown and descriptions of this species are as follows:
•

kingdom Animalia: multicellular organisms that develop from embryos and whose
gametes form within multicellular sex organs, never within unicellular structures;

•

phylum Annelida: coelomate worms that have a definite head and good segmentation;
vascular, respiratory, and nervous systems are well developed; elongate body;

•

class Oligochaeta: worms with metacentric segmentation; are hermaphrodites (possess
both male and female sex organs); eyes and tentacles absent;

•

order Haplotaxida: male gonopores in segments directly behind testes; seminal
receptacle at or near segment containing testes; and

•

specific epithet (Lumbricus terrestris): Also known as the common earthworm, large
terrestrial worms with a worldwide distribution; create deep burrows and come to the
surface to feed; major decomposers of dead vegetation.

The Annelids also include other segmented worms such as leaches (class Hirudinea) and marine
worms (class Polychaeta). Oligochaetes reside in terrestrial, aquatic, and arboreal (climbing)
habitats. Some will even inhabit glaciers, ice fields, and caves. Earthworms, such as the species
we will use in this lab, burrow through soil using a combination of circular and longitudinal
muscles and stiff hairs called setae to move through and create burrows. This species was
originally from Europe and was accidentally and purposely transported around the world. This
species is considered an invasive (harmful) species in North America.
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Procedure
Materials
Dissecting pan
T-pins

Scalpel
Dissecting needles

Earthworm
Dissecting Probe

Forceps

1. Observe the outer body structure of the specimen. Find the:
a. Head region: located at the anterior portion of the body and darker in color.
i. mouth: where the soil is taken in
b. Clitellum: non-ringed band encircling the body. This structure secretes a cocoon
during reproduction for the eggs.
c. Setae: hard bristles along the sides of the body. When the muscles contract and
relax, these structures push into the soil, anchor the earthworm in the burrow
and help it push through the soil or burrow.
d. Anus: pore where the waste products exit the body.
e. Draw each of these structures and show where they reside on the body for your
future reference, if needed.

2. Use a dissecting pin to pin down the head and tail regions of the earthworm so that the
body is stretched lengthwise. Pin specimen so the darker dorsal side is facing up and the
lighter colored ventral side faces down towards the rubber, dissecting mat.
3. Using a scalpel, make a shallow incision from the head region all the way down the
length of the body to the tail. Use light pressure on the scalpel so you do not cut
through the entire body cavity of the specimen. The goal here is to only cut through the
skin layer.
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4. Expose the internal organs by peeling the skin to the sides and pinning the skin to the
rubber mat using dissecting T pins. It helps if the T portion of the pin angled outward so
as to not obstruct the view of the internal organs.
5. Investigate and identify the following structures:
a. Buccal cavity: internal mouth portion.
b. Suprapharyngeal ganglion (brain): located just behind and surrounding the
buccal cavity, this organ serves as the brain and controls bodily processes and
muscular movements.
c. Pharynx: enlarged area behind the mouth used to push food into the esophagus.
d. Esophagus: passes food through to the crop.
e. Crop: acts like a stomach to help breakdown food matter.
f. Gizzard: grinds up food matter, typically very hard to the touch due to very
muscular organ walls.
g. Intestine: long tube that chemically breaks down organic matter and absorbs
nutrients, runs to the anus.
h. Nephridia: act as kidneys and secrete nitrogenous wastes out and away from the
body cavity into the environment. These small organs appear as small clumps of
hair on each segment next to the major organs.
i. Seminal vesicle: produces the sperm, large white organs on either side of the
crop.
j. Seminal receptacle: receives the sperm during reproduction, very small white
organs that are anterior (forward) of the seminal vesicle.
k. Aortic arches (hearts): organs that pump the blood through a closed circulatory
system, five pairs encircling the esophagus.
6. Move a portion of the intestine aside and view the:
a. Ventral nerve cord: where nervous system signals are sent throughout the body,
usually appears as a thin white string running the length of the body.
7. Observe how all of the organs are segmented similar to the body wall and how certain
organs such as the hearts and nephridia are also repeated.
8. Use the dissection diagrams (Figures 18.1 and 18.2) to orient yourself through the
dissection.
Notes
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Anterior (Head)

Clitellum

Body

Figure 18.1. External anatomy of earthworm, dorsal view.
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Buccal cavity
Brain
Esophagus
Pharynx

Aortic Arches

Seminal receptacles

Seminal Vessicles

Crop
Gizzard

Nerve Cord
Intestine

Nephridia

Figure 18.2. Internal anatomy of earthworm.
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Notes to the Instructor: Earthworm Dissection
Purpose
• To introduce animal body plans and provide the foundation of comparative anatomy for
other organisms that may be used in future labs.
Setup
• Have all dissection apparatuses including pins and scalpels in readily accessible areas of
the lab for students.
•

Dissecting/stereo scopes are recommended to view smaller organs.

•

It may be good idea to install blades on scalpel handles prior to student use.

•

Stress lab safety and that the dissection equipment is surgically sharp. Students who do
not pay careful attention can easily cut themselves or their lab partner.

•

Students should wear gloves.

•

Specimens should be kept in the appropriate preservative fluids until dissection.

•

Designate one garbage can for disposal of materials and dissected specimens.

Instructional
• Remind students to respect the specimen during dissection.
•

Stress the anatomical parts and related functions that students should note in order to
anatomically compare earthworms to other taxon that will be dissected in the future.

•

When opening the specimen, it helps to have students use t-pins inserted through the
skin at a 45 degree angle relative to the dissecting mat to allow for a clear view of the
internal structures (Figure 18.3).

Figure 18.3. Earthworm dissection t-pin placement.
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•

Emphasize a light touch when using the scalpel so that the internal organs are not sliced
beyond recognition.

•

Remind students to keep the specimen moist during dissection so the organs do not dry
out and become brittle.

Other Options
• Other specimens such as leeches and Polychaeta can also be made available for
taxonomic comparison.
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19. Grasshopper Dissection
Natural History
Phylum Arthropoda is planet Earth’s most diverse phylum of organisms; probably any kind of
bug you can think of belongs to this phylum. The name comes from the Latin names arthros
(joint) and poda (foot). Classes insecta (beetles, bees, dragonflies, etc.), arachnida (spiders and
scorpions), crustaceans (crayfish and lobsters), and myriapoda (millipedes and centipedes) all
belong to this phylum and are so numerous that they make up approximately 75 percent of all
known animal species. Arthropods occur in virtually every habitat on earth and are involved in
every ecological system. Arthropods provide a huge service to various ecosystems by providing
food for not only other arthropods, but all other higher taxa (mammals, birds, reptiles, fish,
amphibians, and, yes, even humans). While most people believe the world could survive
without bugs, the truth is they are required for pollination of the plants that produce the food
we eat and play a crucial part in recycling dead matter back into the soil for plants to use.
All arthropods have a number of standard characteristics including three body segmentations
(head, thorax, abdomen), an exoskeleton made of chitin, they lack a true coelom but have a
hemocoel (a simple series of sinuses or spaces between tissues), they possess simple or
compound eyes, jointed appendages modified for feeding, striated musculature, a ventral
nerve cord with a dorsal brain, bilateral symmetry, and an open circulatory system (blood is not
contained within blood vessels).
The taxonomical breakdown and descriptions of this species are as follows:
•
•

•

•
•

kingdom Animalia: multicellular organisms that develop from embryos and whose
gametes form within multicellular sex organs, never within unicellular structures.
phylum Arthropoda: animals with bodies made of a chitinous exoskeleton; paired,
jointed, and segmental limbs, segmented body plan, dorsal heart, dorsal anterior brain,
and a ventral nerve cord with segmented ganglionic swellings.
class Insecta: three body regions, three pairs of legs, single pair of antennae, two pairs
of wings on thorax, one pair of compound eyes; gas exchange occurs through tracheae
and gonoducts.
order Orthoptera: medium to large terrestrial insects, hind legs modified for jumping,
pronotum has large external flanges, stridulation (chirping) is common.
family Romaleidae: large grasshoppers, various colors and patterns, major agricultural
pests.
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•

Specific epithet (Brachiostoma magna): Plains Lubber Grasshopper, pests in farmer’s
fields, huge swarms numbering in the thousands can decimate entire fields in just under
a day.

Procedure
Materials
Dissecting pan
T-pins

Scalpel
Dissecting needles

Grasshopper
Dissecting Probe

Forceps

External Anatomy (Figures 19.1, 19.2, and 19.3)
First, become familiar with the external anatomy of your specimen. The body is divided into
three basic structures, the head, thorax, and abdomen. Each of these has distinct anatomical
features that you will want to observe:
•

Body Region:
o Head: Using forceps, grasp each mouth part at its base and remove each of the
mouth parts to observe their orientation and structure:
§ Labrum: The upper lip, covers the maxilla and mandibles.
§ Mandible: The chewing mouth parts, responsible for the mechanical
shredding of food.
§ Maxillae: Helper mouth parts that gather food into the mandibles, have
maxillary palps (feelers) that also sense chemical cues of the food.
§ Labium: The lower lip covers the mouth parts and also has labial palps for
guiding food to the mandibles.
§ Compound Eye: Two eyes total, several individual lenses make up each
eye, each are connected to their own photoreceptor and optic nerve, the
image produced is a mosaic.
§ Antenna: Sensory feelers that pick up chemical cues and physically sense
the environment through touch.

97

Applied Biology Laboratories

Labrum

Mandible

Maxillae

Labium

Figure 19.1. Anatomy of the mouth parts (bottom).

Figure 19.2. Anatomy of female (top) and male (bottom) genital ends of abdomens.
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o Thorax (Figure 19.3): Use forceps and a dissecting probe to remove or move the
following structures:
§ Legs: three pairs (six total), each are jointed beginning at the body at the
coxa followed by the trochanter, femur, tibia, and tarsus. The legs are
limited in their mobility due to the rigid exoskeleton and each are used
for walking/climbing.
§ Tarsal Claws: at the terminal end of each leg, used for grasping small
nooks and crannies in the substrate.
§ Wings: two pairs (four total), the top pair (forewings) are used to cover
and protect the under wings (hindwings) and used for stability during
flight; the under wings (hindwings) do most of the flying/gliding.
§ Tympanum: found under the wings; receives sound waves.
o Abdomen (Figures 19.2 and 19.3):
§ Spiracles: pores along the sides of the abdomen that bring in and
distribute air to the internal tissues through a rudimentary tracheal
system (small air tubes). Grasshoppers breathe with their body.
§ Reproductive structures (Figure 19.2): Determine if your group has a
male or female grasshopper by viewing the external anatomy. Be sure to
examine a grasshopper of the opposite sex from another group.
- Females exhibit an ovipositor at the terminal end of the last
segment. This is used to pierce the ground and insert eggs just
below the surface. Internally you may find eggs that appear as
large grains of rice.
- Males do not exhibit any special anatomical apparatus on the
terminal end of the last segment. A spermatophore (sperm
packet) is transferred to the female via a muscular copulatory
organ (aedeagus) in the female during mating. Internally the
testis, accessory glands, and ejaculatory duct are difficult to find
and, therefore, there is no need attempt to locate these
structures.
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Internal Anatomy (Figure 19.4):
1. Using dissecting scissors, make a small incision starting at the posterior end of the
abdomen and cut up through the dorsal side of the specimen. Remember to only insert
the tip of the scissors and pull up as you cut so as to not damage the internal organs too
much.
2. Pin open the body using T-pins and investigate the internal anatomy of your specimen.
Pay special attention to the following:
•

Digestive System: Grasshoppers have a complete digestive system meaning one
continuous tube that runs from the anterior of the body to the posterior.
Observe the following organs running from the anterior to the posterior:
o Pharynx/Esophagus: leads from the mouth and transports food to the
crop.
o Crop: grinds up the food into fine particles.
o Stomach: just behind the crop and hidden under the gastric ceca. Digests
food and absorbs nutrients.
o Gastric ceca: finger like organs that secrete digestive enzymes into the
stomach for digestion. Surround the stomach and touch the crop.
o Intestine: extracts water from processed food.
o Rectum: deposits fecal pellets into the environment.

•

Excretory System:
o Malpighian tubules: Removes urea (protein metabolic wastes). These
tubules, resembling fine hairs, radiate into the hemocoel and empty into
the rear of the hind gut. Tubules utilize a series of pH changes to extract
uric acid from the hemolymph and deposit it in the hind gut with very
little water loss.

•

Respiratory System: Use a scalpel or dissecting probe to scrape away the inside
wall of the abdomen just behind the spiracle. Make a wet mount of the tissue
collected and try to find the trachea.
o Trachea: air tubes that carry oxygen to the internal tissues. In a wet
mount, they will appear as striated (lined) tubes. They are also very
transparent so you may need to close the microscope iris to increase the
contrast.
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Pharynx/Esophagus

Crop

Stomach

Malpighian Tubules

Gastric Ceca
Intestine

Rectum

Figure 19.4. Internal anatomy of the grasshopper.
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Notes to the Instructor: Grasshopper Dissection
Purpose
• To introduce animal body plans and provide the foundation of comparative anatomy to
other organisms that may be used in future labs.
Setup
• Have all dissection apparatuses in a readily accessible area of the lab for students.
•

It may be good idea to install blades on scalpel handles prior to student use.

•

Stress lab safety and that the dissection equipment is surgically sharp. Students who do
not pay careful attention can easily cut themselves or their lab partner.

•

Students should wear gloves.

•

Specimens should be kept in the appropriate preservative fluids until dissection.

•

Designate one garbage can for disposal of materials and dissected specimens.

Instructional
• Remind students to respect the specimen during dissection.
•

Stress the anatomical parts and related functions that students should note in order to
be able to anatomically compare other taxa that will be dissected in the future.

•

Students should insert the tip of the scissors at the posterior end of the grasshopper
abdomen and progress upwards following the dorsal ridge or line present on the
specimen. Do this all the way through the thorax to just behind the head. Remind
students to pull up on the scissors with each cut. Do not insert the scissors deep into the
body cavity.

•

When opening the specimen, it helps to have students use t-pins inserted through the
exoskeleton at a 45 degree angle relative to the dissecting mat to allow for a clear view
of the internal structures.

•

Remind students to keep the specimen moist during dissection so the organs do not dry
out and become brittle.
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20. The Story in the Skulls
Mysteries can be fun! Especially those found in nature. Nothing awakens the wonder of people
who take a walk in the woods like finding a bone. Skulls can be especially exciting. Questions
arise: Why is this skull here? Where did it come from? Is it dangerous? Are there other bones
around? How did it die? And of course, what animal is it?
We are accustomed to identifying animals based on their outward appearance with fully
colored and patterned fur coats, functional eyes and ears, and muscle tone. Take these
attributes away and all we are left with is a lifeless, uniquely shaped bone that looks like it
could be part of any number of animals.
Through this confusion however, is beauty. To look at a skull or bone is to gaze at a time
capsule of an evolutionary process where the natural forces of the environment influenced the
shape of an organism’s anatomy. The roles (niches) animals play in their habitat have a direct
impact on their overall body shape and function. Over millions of years, animals that share a
common ancestor and/or a common habitat will exhibit similarly shaped body parts. So, while
you may feel confused during your first examination of an animal’s bones, observing a few key
features of an animal’s remains can guide you down the path to a correct identification.
There are two objectives of this laboratory. One is to investigate the similarities and differences
among the three basic trophic modes of organisms on planet Earth. The herbivores, carnivores,
and omnivores. Based on skull features and dentition (shape and type of teeth) you will be able
to organize several samples into these categories. Secondly, you will be responsible for creating
a dichotomous key that will help others correctly identify a particular skull.
Things to notice
• Teeth
o Incisors - surface is often flat and shiny; end in a flat sharp edge; can be short or
long; shaped like a chisel. Used for snipping or scraping flesh and plants off of
surfaces. Carnivores and omnivores have many small incisors; herbivores have
fewer and larger incisors. Remember flesh is soft and plants are tough and hard.
More robust teeth indicate the ability to apply greater force.
o Canines - conical in shape and long. Used for piercing and holding. Sometimes
lost in some herbivores leaving a large space called a diastema in its place.
o Premolars - surface is flat or laterally compressed into a ridge; for omnivores
tooth can have a flat portion and a raised laterally compressed ridge portion;
young strict herbivores can often have wide teeth with sharp raised ridges.
Premolars are always found behind the canines.
o Molars - found behind the premolars. Shape is similar to premolars for all trophic
modes.
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•

Skull features
o Elongate shape - long snout indicative of highly attuned sense of smell; long
braincase indicative of fast swimming or running capabilities.
o Round shape - blunt snout and stout rounded braincase indicative of slower
moving or ambush style foraging technique. Rounded shape provides a large
area for muscle attachment to support a strong bite force that can help hold
onto prey or chip away at tough plants.
o Crests and ridges - typically found on top of the braincase and used for muscle
attachment. More muscle attachment means greater force.
o Eye sockets orientation § Side - wide field of view giving the maximum view of surroundings.
Common in prey type animals.
§ Front - allows for binocular vision, depth perception, and judging
distance; important in leaping and running. Commonly found in predator
type animals.
§ Top - Allows for a wide field of view of the areas directly above, in front
of, and behind the organism. Typically a small portion of the head can be
exposed while the rest of the body can remain hidden. Common in
aquatic type animals.

Dichotomous Key
A dichotomous key is helpful for identifying organisms. In essence, the reader has to choose
between two sets of characteristics. The characteristics an organism or sample displays will lead
the reader to another set of characteristics to choose from indicated by the phrase, go to at the
end of the choice. This process will continue until an identification is reached.
Example: Choosing what household pet you are looking at?
1. Animal has fur - go to 2.
1. Animal has no fur - go to 3.
2. Animal has long snout and barks - Dog
2. Animal has short snout and meows - Cat
3. Animal has scales and fins - Fish
3. Animal has smooth skin and walks - go to 4
4. Animal has 4 legs with no tail - Frog
4. Animal has 4 legs with a shell - Turtle
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Procedure
Materials
• Coyote skull
• Mink skull
• Beaver skull
• Deer skull
• Raccoon Skull
• Human skull
1. Your instructor will provide the class with a set of skulls to observe. The instructor
will provide you with the identification of each skull.
2. When observing the skulls, take note of the shape of the skull, the number of teeth,
eye socket orientation, and any other helpful identifiable features that stand out to
you.
3. After making your observations, your mission will be to create a dichotomous key
that will lead a person to the correct identification of the organism.
Laboratory Report
• Provide your completed dichotomous key
•

If you had to group these skulls base on their trophic modes, what skulls would you
identify as
o carnivore
o herbivore
o omnivore

•

What common characteristics did you observe in the skulls that would help you identify
the organism as a
o carnivore
o herbivore
o omnivore
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Notes to the instructor: Story in the skulls
Purpose
• The purpose of this lab is to give students practice in understanding vertebrate
adaptations and how morphology relates to evolution, adaptation, trophic mode, and
niche exploitation.
Setup
• Ensure at least one representative skull or skeleton from each trophic mode is available
for the class. Samples can be obtained from biological supply companies.
•

Labeling is optional depending on the specific educational goal of the instructor.

Instructional
• Lead the class in a discussion regarding niche, trophic modes, and morphologies and
how they relate to the evolution of organisms.
•

Let students know that the skulls are safe to touch.

•

It may be beneficial to detach the mandible from the skull so the mandible doesn’t
accidentally drop and shatter when students handle the specimen.

Other Options
• The animal skulls used in this lab are widely available through most biological supply
companies. However, skulls from other taxa can be used. Species native to the area or
exotic species can be used.
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21. Frog Dissection
Natural History
Frogs are amphibians. While a prince or princess will not magically appear if you kiss one, they
do have several fascinating adaptations that make them very successful organisms. They lead a
biphasic life cycle, meaning they spend part of their life on land and part in the water. Since
frog eggs are gelatinous and lack shells, they must lay their eggs in or near water so that the
embryos can develop into tadpoles. They often breed in large groups when climactic conditions
are just right. Fertilization is external with the male holding onto the female until she deposits
her eggs in clumps, strings, or films. The male then casts his sperm over the freshly laid eggs.
Each species has its own specific call that males use to attract females. Frogs can breathe in a
small amount of air through their skin by using a network of small blood vessels (capillaries)
that extract oxygen from the surrounding water and release carbon dioxide. All frogs are
carnivores and can use their well-developed hind legs for jumping, climbing, and grasping.
Many frogs have poison glands in their skin with toxins that range from distasteful to deadly.
The taxonomical breakdown and descriptions of this species are as follows:
•

kingdom Animalia: multicellular organisms that develop from embryos and whose
gametes form within multicellular sex organs, never within unicellular structures.

•

phylum Chordata: organisms that possess a post anal tail, dorsal hollow nerve chord,
notochord, and pharyngeal gill slits at some point in their development.

•

class Amphibia: poikilothermic organisms with smooth (non-scaly), thin, moist skin with
plenty of mucous and poison glands; most with some type of cutaneous respiration
(take in oxygen through their skin to some degree), contain a larval phase (tadpole),
often found in damp environments.

•

order Anura: amphibians that lack a tail in their adult stage, head joins directly to the
trunk and possess a short vertebral column, fore limbs stout, hind limbs long and
muscular with webbed feet, eyes are large and on top of head, superficial ear
membranes (tympanum) posterior to the eyes, gelatinous eggs, external fertilization,
develop from tailed tadpoles.

•

family Ranidae: true frogs, skeleton is modified for jumping, tongue notched at end,
tympanic membrane is larger than eye, vocal sacs present on males.

•

specific epithet (Lithobates catesbeiana): common name bull frog, large size and
common in North America, tadpoles overwinter for several years depending on range,
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major predators of other amphibians and anything small enough to fit into its mouth,
egg mass appears as a large (2 meter+) surface film, call sounds like a slow cello,
invasive species in some parts of North America and various countries around the globe.

Procedures
Materials
Dissecting pan
T-pins

Scalpel
Dissecting needles

Frog
Scissors

Forceps
Stereo microscope (optional)
Dissecting Probe

Observations - Adult External Anatomy (Figure 21.1)
Observe the external anatomy of your specimen and take note of the following structures and
functions. You may need to cut the angle of the jaw to view the buccal cavity.
•

Body form: stout body, triangular streamlined head, no clear neck region.

•

Limbs: used for foraging, reproduction and escape.
o Forelimbs: short and stout, designed to take the force of impact from landing on
substrate after a jump.
o Hind Legs: more elongated than the front limbs, for jumping.

•

Nares (nostrils): bring air into the buccal cavity (mouth) as the gular sac (under the
chin) moves back and forth.

•

Eyes: used to see prey and predators.

•

Tympanum: disc shaped organ on either side of the head behind the eye; this is an
exposed eardrum that frogs use to hear.

•

Urostyle (anus): located between the hind legs at the very posterior end of the
body, where wastes and gametes are released, notice the absence of a tail in your
adult specimen.
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Figure 21.1. Adult frog external anatomy.
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Observations - Adult Internal Anatomy (Figure 21.3, 21.4 and 21.5)
Observe the internal anatomical structures of your specimen. Use the following procedure to
open the body cavity of the organism, remembering to make shallow cuts with your dissecting
scissors.
1. Make an incision starting at the urostyle and proceed with your scissors up to the chin.
Make lateral incisions across the pectoral girdle and groin. You will need to cut through
the sternum in the pectoral region and the abdominal musculature. Remember to make
shallow cuts as the pectoral region is where the heart and lungs reside. See Figure 21.2
for more detail.

Figure 21.2. Incision lines (yellow).

2. Next cut across the chest cavity and down either side of the belly and excise out the
resulting rectangular patch of skin that exposes the abdominal muscles. Do the same to
the other side. You may have to cut through the pectoral girdle or remove the arms
entirely to make viewing easier.
3. View the underside of the skin (Figure 21.5). Notice all of the blood vessels. How do you
suppose these blood vessels help the frog stay underwater so long?

111

Applied Biology Laboratories

4. Cut through the abdominal muscles using the same approach listed in steps 2-4 above
and put the muscle aside. Expose the internal organs.
Identify the following internal organs (Figures 21.3, 21.4, and 21.5) and understand their
functioning:
•

Heart: only three chambers that include the left and right auricle and a single ventricle,
pumps the blood

•

Lungs: surrounded by a dense network of capillaries with red blood cells that take up
oxygen and release carbon dioxide into the lungs, used for respiration

•

Stomach: muscular sac used for chemical and mechanical digestion

•

Liver: produces bile a digestive liquid and filters bodily fluids

•

Gall bladder: stores bile, typically found between the lobes of the liver

•

Small intestine: consists of the duodenum and ileum, chemically breaks down food and
absorbs nutrients

•

Fat bodies: stores lipids as an energy reserve for times of environmental stress or
hibernation

•

Large intestine: absorbs water from digested food

•

Kidney: used to filter nitrogen-based waste (urea) from the blood. This organ is
somewhat elongated and appears next to the back bone near the anus

•

Testes: male reproductive organ that produces sperm, attached to the kidney and
appears as a small ball-shaped organ near the top of the kidney

•

Oviduct: female reproductive organ that contains and matures the eggs before
fertilization, oviducts without eggs will appear as a thin elongated tube beside the
kidney and is hard to find, oviducts with eggs will be swollen with white and black beads
which are the eggs
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Heart

Liver
Fat Bodies

Figure 21.3. Internal anatomy of a frog, chest cavity.
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Gall Bladder
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Figure 21.4. Internal anatomy of a frog, abdominal cavity.
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Capillaries

Kidney

Figure 4. Images showing subcutaneous capillary network (top) and ovary (bottom).
Figure 21.5. Internal anatomy of a frog, skin and abdominal details .
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Notes to the Instructor: Frog Dissection
Purpose
• To introduce animal body plans and provide the foundation of comparative anatomy to
other organisms that may be used in future labs.
Setup
• Have all dissection apparatuses in readily accessible areas of the lab for students.
•

It may be good idea to install blades on scalpel handles prior to student use.

•

Stress lab safety and that the dissection equipment is surgically sharp. Students who do
not pay careful attention can easily cut themselves or their lab partner.

•

Students should wear gloves.

•

Specimens should be kept in the appropriate preservative fluids until dissection.

•

Designate one garbage can for disposal of materials and dissected specimens.

Instructional
• Remind students to respect the specimen during dissection.
•

Stress the anatomical parts and related functions students should note in order to
anatomically compare to other taxon that will be dissected in the future.

•

When opening the specimen, it helps to have students use t-pins inserted through the
skin at a 45 degree angle relative to the dissecting mat to allow for a clear view of the
internal structures.

•

Notify students that they will need to cut through the skin and muscle layers in order to
view the internal organs. If needed the front limbs, skin, and muscle can be removed for
easier viewing.

•

Remind students to keep the specimen moist during dissection so the organs do not dry
out and become brittle.
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22. Rat Dissection
Natural History
The Norway rat is the classic lab rat seen in laboratories and schools the world over. They can
be kept as pets and, in many cases, can be trained to do various tasks. As mammals with similar
anatomical features to humans, as well as biochemical pathways and a fast reproductive cycle,
they are excellent candidates for various experiments in medical research. Their nearly global
distribution is due to their ability to stow away on the ships, going back to the time of early
explorers, and to rapidly colonize areas. They are generalists, eating animal or plant matter and
often live in groups which means there is always an individual looking out for danger. They can
cause severe health problems to humans that are allergic to rat feces or the fungus and molds
that grow on excrement. They can also carry disease vectors, such as fleas, that can potentially
transmit pathogens to humans. Norway rats have well developed incisors that need to be worn
down or the teeth will overgrow the rat’s head. This is why rats constantly gnaw on a wide
range of materials and can even eventually chew through concrete and lead pipes.
The taxonomical breakdown and descriptions of this species are as follows:
•

kingdom Animalia: multicellular organisms that develop from embryos and whose
gametes form within multicellular sex organs, never within unicellular structures.

•

phylum Chordata: organisms that possess a post anal tail, dorsal hollow nerve chord,
notochord, and pharyngeal gill slits at some point in their development.

•

class Mammalia: homoeothermic animals with a head supported by a flexible neck
usually with seven vertebrae articulating to two occipital condyles (features on the
skull), four different types of teeth possible, thorax and abdomen separated by a
diaphragm, four chambered heart, skin has at least a few hairs.

•

order Rodentia: herbivorous or scavenging mammals with incisors reduced to one pair
in each jaw which are ever growing; second incisors, canines, and premolars are absent
leaving a large space (diastema) between the incisors and molars where folds of skin can
store food.

•

family Muridae: Old World rats and mice, highly successful colonists occupy several
niches, tail is long a scaly, limbs pentadactyl (five digits).

•

Specific Epithet (Rattus norvegicus): the Norway Rat often stowed away on ships during
decades of exploration, is an invasive species in many regions around the globe, can
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grow to a large size and prey upon smaller organisms including other rodents and bird
eggs, extremely useful in laboratory setting.

Procedure
Materials
Dissecting pan
T-pins

Scalpel
Dissecting needles

Rat
Scissors

Forceps
Dissecting Probe

1. Determine if you have a male or a female rat.
a. Males: have an enlarged groin near the base of the tail where the testicles
(sperm producing organs) are stored.
b. Females: lack a swollen tail base and have mammary glands that can be seen on
the outer ventral surface.
i. Uterus: where embryos develop, will appear as an elongated, flattened
pink/gray colored organ.
ii. Ovaries: egg producing organ, appearing as a small bean shaped organ at
the top of the uterus.
Note: The uterus may appear bumpy due to embryo
development. You can carefully excise the embryos from the
uterus by cutting the uterus at its base, inserting one half of the
scissors into the uterus, and cutting lengthwise up the uterus.
Depending on the developmental stage, the embryo may exhibit
limbs, head, tail, eye spots, or a number of other external
features.
2. Using Figure 22.1 as a guide, make an incision from the groin (3) to the rib cage (2)
directly through the mid-section of the rat. Remember to pull up and cut as you cut
through the abdominal wall. You will feel resistance once you reach the sternum (center
structure where the ribs join).

Figure 22.1. Incision lines for the rat.

118

Applied Biology Laboratories

3. Cut across the forearms leaving the diaphragm muscle intact. This muscle separates the
chest cavity from the abdominal cavity. Also cut across the groin, up the sides of the
body to the chest incision, and remove this rectangular portion of the rat.
4. Make an incision across the throat (1) of the rat and down both sides of the ribcage until
you reach the diaphragm. Remove the ribcage to view the internal structures of the
chest cavity.
5. Use Figures 22.2 and 22.3 to investigate the internal anatomy of the rat. You should be
able to identify the following structures and their functions:
a. Diaphragm: Muscle that divides the chest cavity from the abdominal cavity. The
expansion and contraction of this muscle (also found in humans) helps with
breathing. Notice how the esophagus and arteries go through this muscular wall.
b. Liver: Filters out damaged red blood cells and removes harmful bodily substances.
c. Stomach: Muscular sac used to mechanically and chemically breakdown food items.
d. Small Intestine: Connected to stomach, used to further digest food, and absorb
nutrients into the body.
e. Large Intestine: Connected to the small intestine yet larger, primary function is to
absorb water and compact food wastes to be excreted out the anus.
f. Caecum: Digestive organ used to help break down cellulose found in plant material.
g. Kidneys: Bean shaped organs found near the backbone, that filter out excess
nitrogenous wastes from the blood stream.
h. Heart: Encased in a membranous sac that can be removed, this organ pumps blood
to the lungs to gather oxygen and then throughout the rest of the body. Cut through
the heart lengthwise to view the four chambers of the heart. Notice how much
larger the left ventricle is compared to the right ventricle; why do you think this is?
i. Lungs: Spongy, sac like organs found on both sides of the chest cavity near the heart.
Each lung is filled with numerous, smaller air sacs that are the site of gas exchange
for the body. The expansion and contraction of these organs supplies oxygen to the
body and expels carbon dioxide.
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Heart
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Stomach

Liver

Cecum
Small Intestine

Figure 2: Internal anatomy of the male rat

Figure 22.2. Internal anatomy of a rat.
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Stomach

Large Intestine
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Stomach

Small Intestine
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Figure 22.3. Internal anatomy of a rat, abdominal cavity.
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Notes to the Instructor: Rat Dissection
Purpose
• To introduce animal body plans and provide the foundation for comparative anatomy to
other organisms that may be used in future labs.
Setup
• Have all dissection apparatuses in readily accessible areas of the lab for students.
•

It may be good idea to install blades on scalpel handles prior to student use.

•

Stress lab safety and that the dissection equipment is surgically sharp. Students who do
not pay careful attention can easily cut themselves or their lab partner.

•

Students should wear gloves.

•

Specimens should be kept in the appropriate preservative fluids until dissection.

•

Designate one garbage can for disposal of materials and dissected specimens.

Instructional
• Remind students to respect the specimen during dissection.
•

Stress the anatomical parts and related functions students should note in order to
anatomically compare to other taxon that will be dissected in the future.

•

When opening the specimen, it helps to have students use t-pins inserted through the
skin at a 45 degree angle relative to the dissecting mat to allow for a clear view of the
internal structures.

•

Notify students that they will need to cut through the skin and muscle layers in order to
view the internal organs. If needed, the front limbs, skin, and muscle can be removed
for easier viewing.

•

Remind students to keep the specimen moist during dissection so the organs do not dry
out and become brittle.
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23. Biodiversity -Pond
The planet we live on is truly remarkable. As far as we know, it is the only planet in the universe
that sustains life. Earth’s tilt, elliptical orbit, distance from our sun, and topography provide the
perfect mix of climactic variations that support the development and sustainability of numerous
diverse ecosystems and even more niches for organisms to fill. There are several estimates of
the exact number of species on Earth; most settle around the 10 million mark. However, in
biology, we have only named a mere one million-plus species. Many more reside in jars in
museums or academic institutions just waiting for a biologist to name and classify them. The
rest, of course, have yet to be discovered.
Unfortunately, just as science is beginning to unravel the tree of life, the human species is
destroying it. Habitat degradation (declining habitat health), habitat fragmentation (break up of
continuous habitat), and habitat destruction (removal of habitat) are the main culprits. To
combat this rapid decline in ecosystems, conservation biologists work with governments, native
populations, and international agencies to study Earth’s unique biodiversity. Biodiversity
investigates the total number of species in an area and the relative number of individuals in the
species that occupy an area. Scientists can detect the health of an environment by making a
few routine field collections and performing a few simple calculations. Biodiversity is
investigated on three levels:
•
•
•

Genetic Diversity - all of the available genes within a population
Species Diversity - the number of species in an area
Ecosystem Diversity - the number of ecosystems and corresponding
microenvironments. Microenvironments are smaller subsets of habitats within an
ecosystem. For example, microenvironments under a rotting log or the upper canopy of
a tropical rainforest are each characterized by specific temperature and moisture levels
that support distinct organisms.

There are several diversity indices used to calculate the variability that exists in living systems,
species evenness, and species richness. Species richness is simply defined as the number of
species found within an area. Species evenness calculates how equally represented the
numbers of each species are within an environment (Figure 23.1). All of these calculations are
outlined in Appendix A. Using these calculations biologists can not only gauge the number of
species in an area, they can also determine the relative health of an environment or ecosystem.
This lab will focus on the diversity of arthropods and vertebrates found at a small pond. During
this lab you will be going into the field (outdoors) to perform some basic field collecting
techniques for arthropods. You must where proper attire (boots, long pants, long-sleeved
shirts, and maybe a hat) appropriate for the day and that you won’t mind getting dirty. To
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prevent sampling fatigue of an area (sampling an area too many times within a short duration
of time) each lab section will be performing diversity searches in different localities and in
different microenvironments. The instructor will give you the information on where to go and
what equipment to use and how to use it when you get to the field site.

A

B
Figure 23.1. Comparisons that can be made between various habitats with differing degrees of species
diversity and evenness. Pond A has low diversity and low evenness while pond B has high
diversity and high evenness.
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Procedure
For this lab to be successful, the entire class will need to work as a team. There is no step-bystep protocol for this lab, but there are several jobs that different people will need to do to
accomplish the field project. The better you work together, the easier and faster the lab will go.
Once the class is at the collection site, the instructor will explain how to use several pieces of
field equipment but this information is also included in the lab manual. We will be classifying
organisms down to the lowest operational taxonomic unit, meaning we will classify to at least
the order or family of organism. We do not identify the organism to genus or species (specific
epithet) because this is beyond the scope of this lab and would take too much time.
Jobs To Be Done
• Dip net operators
• Sorters - students who pick out the organisms from the nets
• Classifiers - students who identify the invertebrates to the lowest out (operational
taxonomic unit)
• Data recorders - students who tally the invertebrates that are found (use data table on
page 126)
How To Sample
We will sample Shearer Pond at six different locations along its bank. Zoological sampling will
be performed using dip nets, which are to be dragged across the bottom of a 1m2 area of the
bank of the pond. Seines will also be used to catch larger organisms. All biota will be identified
in the field and returned to the pond unharmed and unaltered.
Equipment Operation
Dip Net
The flat edge of the dip net rim should be
dragged across the bottom of a substrate.
Drag the net across the surface enough
times to cover a 1m2 area. Dump material
captured in the net into a collection tray or
vessel and sort the biological material.
Seine
A seine is a very long net used to catch fish. Effectively using a seine requires two operators
who should wear chest waders. Both operators enter the pond bank from the same point. At a
certain distance from the bank, one individual stops as the other operator continues to walk
into the pond, letting out the net and letting the bottom portion sink. This will fully stretch out
the net to about 5 meters in length with the top edge near the pond surface and the lower edge
resting on the pond bottom. From here, the operators walk in unison towards the bank
trapping any fish between them. Once at the shore, other members of your team should use

125

Applied Biology Laboratories

smaller nets to scoop out the contents of the seine or you can drag the seine out onto the bank
to carry out the identification of any organisms you captured.
Data Table
The class will work together to gather data and calculate the Shannon diversity index, evenness,
and richness. While the class determines the individual calculations, you should still enter the
data in the tables below since you will be writing your own lab report!

OTU

Number of
individuals

H’
Diversity Index

Proportion
of each
species
Pj

E
Evenness

Natural log
of
proportion
of each
species
Pj(lnpj)

S
Richness
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Laboratory Report
Introduction
• What is biodiversity and why is it important?
• Why look at invertebrates and other biota?
• What was the purpose of this study and what was your hypothesis?
Material and Methods
• What did you do and how did you do it?
Results
• What did the class data and calculations show regarding pond diversity, evenness, and
richness?
• What OTU’s were found and in what abundance (you can use tables and figures)?
Discussion
• What does the data mean? Is the pond arthropod biodiversity high or low? What about
the evenness and richness?
• What factors may be influencing the diversity, evenness, and richness?
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Appendix A - Calculating Diversity Indices
Shannon Diversity Index: 𝐻! = −

!
!!!

𝑝! ln 𝑝!

Table Example
Species
A
B
C
D
Total

Number of
individuals
10
20
5
6
41

Pj

Pj(lnpj)

0.24
0.49
0.12
0.15

-0.34
-0.35
-0.25
-0.28

H’

E

S (richness)

1.22

0.88

4

Steps in calculating SDI (Species Diversity Index):
1. Find proportion of each species (pj)
a. Example: Species A = 10/41 = 0.24 where 10 is the number of species A
individuals and 41 is the total number of individuals identified
2. Multiple your pj for that species by the natural log (ln) of that species proportion
a. Example: Species A = 0.24*ln (.24) = -0.34
3. Add all of your pj(ln pj) together and negate them to get your diversity index
a. Example: -0.34+-0.35+-0.25+-0.28 = -1.22
b. Negate = -(-1.22) = 1.22 à this is your diversity index
i. The higher the number, the more diversity in an area
ii. This is helpful when comparing two areas together
Steps in calculating species richness
1. Count the total number of species or lowest taxonomic unit (order, family, etc…) that
was identified.
a. Do not count the total number of individuals of that species!
Steps in calculating evenness (E)

𝐸 = 𝐻 ! / ln 𝑆

1. Divide your SDI by the natural log (ln) of your richness.
a. Example: 1.22/ln 4 = 0.88
b. Evenness range:
i. 0 = not even, 1 = complete evenness
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Notes to the Instructor: Pond Biodiversity
Purpose
• The focus of this lab is to give students experience in conducting field studies,
identifying and quantifying organisms, and interpreting data gathered during field
studies to quantify the level of diversity, richness, and evenness of an ecosystem or
ecotone.
Setup
• Ensure that all field equipment is in good condition. Use buckets to transport small
items.
•

Have students carry equipment to the field site. Emphasize that the equipment needs to
be respected.

•

This lab may require more than one lab period; one lab period to collect and identify
organisms and another to analyze that data.

Instructional
• Stress to students that they will be in a field setting and not a lab setting. They should
dress in appropriate clothing for outdoor work.
•

Demonstrate sampling technique with the apparatuses in the field at the site.

•

When breaking the class up into small groups, try to keep all groups within eye sight.
Take another instructor, if necessary, as an extra set of eyes

•

Identification can be done either on site or organisms can be brought back to the lab.
This will depend on amount of sampling containers available and comfort level of the
instructor in bringing specimens back to the lab.

•

A specific quantity of organisms can be caught by each group in order to reach a
standardized sample or each group can sample a certain number of times and then
identify and quantify all the organisms they collected

•

Permission and/or permits for field sampling should be obtained three to six months
prior to the sampling event.

Other options
• This lab can be coupled with phenology studies to determine seasonal emergence
patterns at the sampling site.

129

Applied Biology Laboratories

•

This lab can include water chemistry equipment to incorporate the identification of
abiotic factors to improve students understanding of how ecosystems or ecotones
operate together.

•

You can keep the sampling event records for each class, including taxa identified and
quantified, to compare year-to-year trends and allow students to witness changes in
biodiversity data over time.
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24. Biodiversity - Stream
The planet we live on is truly remarkable. As far as we know, it is the only planet in the universe
that sustains life. Earth’s tilt, elliptical orbit, distance from our sun, and topography provide the
perfect mix of climactic variations that support the development and sustainability of numerous
diverse ecosystems and even more niches to fill by organisms. There are several estimates of
the exact number of species on our planet; most settle around the 10 million mark. However, in
biology, we have only named a mere 1 million-plus species. Many more reside in jars in
collections housed in museums or academic institutions just waiting for a biologist to name and
classify them. The rest, of course, have yet to be discovered.
Unfortunately, just as science is beginning to unravel the tree of life, the human species is
destroying it. Habitat degradation (declining habitat health), habitat fragmentation (break up of
continuous habitat, and habitat destruction (removal of habitat) are the main culprits. To
combat this rapid decline in life forms, conservation biologists work with governments, native
populations, and international agencies to study Earth’s unique biodiversity. Biodiversity
investigates the total number of species in an area and the relative number of individuals of
each species in an area. Scientists can evaluate the health of an environment by doing a few
routine field collections and performing a few simple calculations. Biodiversity is investigated
on three levels
•
•
•

Genetic Diversity - all of the available genes within a population
Species Diversity - the number of species in an area
Ecosystem Diversity - the number of ecosystems and corresponding
microenvironments. Microenvironments are smaller subsets of habitats within an
ecosystem. For example, under a rotting log or the upper canopy of a tropical rainforest
are microenvironments with specific temperature and moisture levels that only
particular organisms can thrive in.

There are several diversity indices that calculate the variability in living systems, species
evenness, and species richness. Species richness is simply defined as the number of species
found within an area. Species evenness calculates the proportional representation of each
species within an environment (Figure 24.1). All of these calculations are outlined in Appendix
A. Using these calculations biologists can not only gauge the number of species in an area, but
can also assess the relative health of an environment or ecosystem.
This lab will focus on the diversity of arthropods and vertebrates found in a small pond. During
this lab you will be going into the field (outdoors) to perform some basic field collecting
techniques for arthropods. You must attire (boots, long pants, long-sleeved shirts, and maybe a
hat) appropriate for the day and that you won’t mind getting dirty. To prevent sampling fatigue
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of an area (sampling an area too many times within a short duration of time), each lab team will
perform diversity searches in different localities and in different microenvironments. The
instructor will give you the information on where to go, what equipment to use, and equipment
operation when you get to the field site.

A

B
Figure 24.1. Comparisons that can be made between various habitats with differing degrees of species
diversity and evenness. Pond A has low diversity and low evenness while pond B has high
diversity and high evenness.
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Procedure
The entire class will need to work as a team for this lab to be successful. There is no step-bystep protocol for this lab, but different people will need to be assigned to several specific jobs
to complete the fieldwork. The better you work together, the easier and faster the lab will go!
The instructor will explain how to use the field equipment when the class is at the collection
site, but instructions are also included in this lab description. We will be classifying organisms
down to the lowest operational taxonomic unit (OTU), meaning we will classify to at least the
order or family of an organism. We do not identify the organism to genus or species (specific
epithet) because this is beyond the scope of this lab and would take too much time.
Jobs to be done
• Kick net
• Surber sampler
• Sorters - students who pick out the invertebrates from the nets
• Classifiers - students who identify the invertebrates to the lowest OTU
• Data recorders - students who tally what invertebrates that are found (Appendix C)
How to Sample
Stream sampling will be performed starting downstream (15 m point) and moving upstream (0 m point).
This will prevent excess sediments from clogging kick nets and Surber samplers downstream, as well as
help prevent sampling bias from extra organisms drifting downstream. A 15 m stretch of stream will be
measured and marked. Kick netting will be placed at the 0 m and 10 m points along this stretch and
Surber sampling will occur at points 5 m and 15 m. Kick nets and Surber samplers should be taken to the
bank to be sorted into collection trays as soon as the samplers are taken out of the water and when
sampling is completed (Figure 24.2). Rinse the equipment when you are done!

Direction of flow

0m

5m

10m

15m

Bank

Bank
Kick net

Surber

Kick net

Surber

Figure 24.2. Diagram of stream sampling procedure.
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Equipment Operation
Kick Net
Kick nets are best used by two people. One person stands downstream and holds the net flush
to the bottom of the stream at a low enough angle (roughly a 45-degree angle) so that the
water flows near but not over the top of the net. Another person standing upstream shuffles
their feet over a 1 m2 area just in front of the net to stir up the bottom sediments (Figure 24.3).

Figure 24.3. Standard kick net (left) and an example of students operating a kick net (right).

Surber Sampler
Once unfolded, the sampler is placed in the stream so the open metal square sits on the stream
bottom with the net portion pointing downstream allowing the water flowing through the sacklike section of the net. Using their hands, the team member operating the sampler stirs up the
stream bottom within the area of the open metal square. Any samples should flow directly into
the netted portion. To remove the samples, turn the net inside out and rinse the net into a
sorting tray (Figure 24.4).

Stir sediments
with hands here
Direction of
stream flow
Figure 24.4. Placement and operation of a Surber sampler.
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Data Table
The class will work together to record the data needed to calculate the Shannon diversity index,
evenness, and richness. While the class determines the individual calculations, you should still write
down the data in the tables below since you will be writing your own lab report!

OTU

Number of
individuals

H’
Diversity Index

E
Evenness

Pj

Pj(lnpj)

S
Richness

Laboratory Report
Introduction
• What is biodiversity and why is it important?
• Why look at invertebrates and other biota?
• What was the purpose of this study and what was your hypothesis?
Material and Methods
• What did you do and how did you do it?
Results
• What did the class data and calculations show regarding the stream diversity, evenness,
richness?
• What OTU’s were found and in what abundance (you can use tables and figures to
support your discussion).
Discussion
• What does the data mean? Is the stream arthropod biodiversity high or low? What
about the evenness and richness?
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•
•

What could help increase or decrease these numbers?
What factors may be influencing the diversity, evenness, and richness?

Appendix A- Calculating Diversity Indices
Shannon Diversity Index: 𝐻! = −

!
!!!

𝑝! ln 𝑝!

Example Table

Species
A
B
C
D
Total

Number of
individuals
10
20
5
6
41

Pj

Pj(lnpj)

0.24
0.49
0.12
0.15

-0.34
-0.35
-0.25
-0.28

H’

E

S (richness)

1.22

0.88

4

Steps in calculating SDI:
4. Find proportion of each species (pj)
a. Example: Species A = 10/41 = 0.24 where 10 is the number of species A
individuals and 41 is the total number of individuals identified
5. Multiple your pj for that species by the natural log (ln) of that species proportion
a. Example: Species A = 0.24*ln (.24) = -0.34
6. Add all of your pj(ln pj) together and negate them to get your diversity index
a. Example: -0.34+-0.35+-0.25+-0.28 = -1.22
b. Negate = -(-1.22) = 1.22 à this is your diversity index
i. The higher the number, the more diversity in an area
ii. This is helpful when comparing two areas together
Steps in calculating species richness
2. Count the total number of species or lowest taxonomic unit (order, family, etc…) that
was identified.
a. Do not count the total number of individuals of that species!
Steps in calculating evenness (E)

𝐸 = 𝐻 ! / ln 𝑆

2. Divide your SDI by the natural log (ln) of your richness.
a. Example: 1.22/ln 4 = 0.88
b. Evenness range:
i. 0 = not even, 1 = complete evenness
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Notes to the Instructor: Stream Biodiversity
Purpose
• The focus of this lab is to give students experience conducting field studies, identifying
and quantifying organisms, and interpreting data gathered during field studies to
quantify the level of diversity, richness, and evenness of an ecosystem or ecotone.
Setup
• Ensure that all field equipment being used is in good condition. Use buckets to transport
small items.
•

Have students carry equipment to the field site. Emphasize that the equipment needs to
be respected.

Instructional
• Stress to students that they will be in a field setting and not a lab setting and that they
should wear appropriate clothing for outdoor work.
•

Demonstrate the sampling techniques with the apparatuses in the field.

•

When breaking the class up into small groups, try to keep all groups within eye sight.
Take another instructor if necessary as an extra set of eyes.

•

Students can identify organisms either on site or the samples can be brought back to the
lab. This will depend on amount of sampling containers available and comfort level of
the instructor in bringing specimens back to the lab.

•

A specific quantity of organisms can be caught by each group in order to reach a
standardized sample or the instructor can have each group sample a specific number of
times and then identify and quantify all the organisms they collected.

•

Permission and/or permits for field sampling should be obtained three to six months
prior to the sampling event.

Other options
• This lab can be combined with phenology studies to determine seasonal emergence
patterns at the field site.
•

This lab can be incorporate the use of water chemistry equipment to collect data on
abiotic factors and to improve students understanding of how ecosystems or ecotones
operate together.
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•

The records on the taxa identified and quantified from each class’s sampling events can
be kept to compare year-to-year trends and allow students to witness changes in
biodiversity data over time.
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25. Biodiversity - Terrestrial Habitat
The planet we live on is truly remarkable. As far as we know, it is the only planet in the universe
that sustains life. Earth’s tilt, elliptical orbit, distance from our sun, and topography provide the
perfect mix of climactic variations that support the development and sustainability of numerous
diverse ecosystems and even more niches to fill by organisms. There are several estimates of
the exact number of species on our planet; most settle around the 10 million mark. However, in
biology, we have only named a mere one million-plus species. Many more reside in jars in
collections housed in museums or academic institutions just waiting for a biologist to name and
classify them. The rest, of course, have yet to be discovered.
Unfortunately, just as science is beginning to unravel the tree of life, the human species is
destroying it. Habitat degradation (declining habitat health), habitat fragmentation (break up of
continuous habitat, and habitat destruction (removal of habitat) are the main culprits. To
combat this rapid decline in life forms, conservation biologists work with governments, native
populations, and international agencies to study Earth’s unique biodiversity. Biodiversity
investigates the total number of species in an area and the relative number of individuals of
each species in an area. Scientists can evaluate the health of an environment by doing a few
routine field collections and performing a few simple calculations. Biodiversity is investigated
on three levels
•
•
•

Genetic Diversity - all of the available genes within a population
Species Diversity - the number of species in an area
Ecosystem Diversity - the number of ecosystems and corresponding
microenvironments. Microenvironments are smaller subsets of habitats within an
ecosystem. For example, under a rotting log or the upper canopy of a tropical rainforest
are microenvironments with specific temperature and moisture levels that only
particular organisms can thrive in.

There are several diversity indices that calculate the variability in living systems, species
evenness, and species richness. Species richness is simply defined as the number of species
found within an area. Species evenness calculates the proportional representation of each
species within an environment (Figure 25.1). All of these calculations are outlined in Appendix
A. Using these calculations biologists can not only gauge the number of species in an area, but
can also assess the relative health of an environment or ecosystem.
This lab will focus on the diversity of arthropods and vertebrates found near a small pond.
During this lab you will be going into the field (outdoors) to perform some basic field collecting
techniques for arthropods. You must wear attire (boots, long pants, long-sleeved shirts, and
maybe a hat) appropriate for the day and that you won’t mind getting dirty. To prevent
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sampling fatigue of an area (sampling an area too many times within a short duration of time),
each lab team will perform diversity searches in different localities and in different
microenvironments. The instructor will give you the information on where to go, what
equipment to use, and equipment operation when you get to the field site.

A

B
Figure 25.1. Some comparisons that can be made between various habitats with differing degrees of
species diversity and evenness. Pond A has low diversity and low evenness while pond B has
high diversity and high evenness.
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Procedure
The entire class will need to work as a team for this lab to be successful. There is no step-bystep protocol for this lab, but different people will need to be assigned to several specific jobs
to complete the fieldwork. The better you work together, the easier and faster the lab will go!
The instructor will explain how to use the field equipment when the class is at the collection
site, but instructions are also included in this lab description. We will be classifying organisms
down to the lowest operational taxonomic unit (OTU), meaning we will classify to at least the
order or family of an organism. We do not identify the organism to genus or species (specific
epithet) because this is beyond the scope of this lab and would take too much time.
Jobs To Be Done
•
•
•

Leaf litter collection
Sweep net
Burlap tree traps

•

Classifiers - students who identify the invertebrates to the lowest OTU
Data recorders - students who tally the invertebrates that are found (Appendix B)

•

How To Sample
Groups of 2-3 students will sample several different microenvironments in the following manner:
•

Leaf litter collection: choose a rotting log in your designated study area and mark it with
flagging tape so that the same log is not resampled by another group, gather leaf litter from a
0.52 m area around one end of the log and put your collection into a plastic bag. You can gather
a little bit of dirt with the sample, but it should not be more than a fist-sized amount. We will
take the sample back to the lab and put into a Burlese funnel to preserve and sort the
invertebrates the following week.

•

Sweep net: using a smooth and deliberate sweeping motion, one person should walk and sweep
around the outer surface of a low (>1.5 m tall) shrub with the open face of the sweep net at
least eight times. Turn the sweep net inside out into a plastic bag and bring the bag to the group
to be sorted.

•

Burlap bag traps: Locate the tree with several burlap flaps hung flush to its trunk at chest
height. Simply lift up a burlap flap and carefully look for invertebrates (most invertebrates will
be well camouflaged). Identify and record the OTU for the class data. Leave the invertebrates on
the tree. If you are unsure of the proper identification, you can take pictures of organisms you
find with your camera or phone camera and show other group members the images to get help
with OTU identifications.

141

Applied Biology Laboratories

Equipment Operation
Burlese Funnels (used in the lab)
Burlese funnels (Figure 25.2) are used to collect extremely small
invertebrates that reside in the leaf litter. Leaves are put into the top of the
funnel that is fitted with a small screen in its bottom. A light is suspended
above the funnel and a jar of preservative (70 percent ethanol) is placed
under the bottom opening of the funnel. The light and heat from the lamp
drives the invertebrates down towards the bottom of the funnel where they
fall into the preservative and can then be sorted.

Figure 25.2. Typical Burlese funnel

Sweep Net
Sweep nets (Figure 25.3) are used to gather invertebrates from
tall grasses and shrubs, and are good for collecting flying
invertebrates. The nets are swept with the open face in the
direction of the sweep, typically, one step per sweep. Muslin
or mesh nets are available.

Figure 25.3. Typical sweep net

Burlap Flap Traps
These flaps are hung in some manner from a tree trunk (Figure 25.4) and
provide hiding places for (often nocturnal) invertebrates and caterpillars.
Sometimes you can also find tree frogs looking for refuge hiding under such
flaps.

Figure 25.4. Burlap flap trap hung on tree.
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Data Table
The class will work together to gather data and calculate the Shannon diversity index, evenness, and
richness. While the class determines the individual calculations, you should still write down the data in
the tables below since you will be writing your own lab report!

OTU

Number of
individuals

H’
Diversity Index

Proportion
of each
species
Pj

E
Evenness

Natural log
of
proportion
of each
species
Pj(lnpj)

S
Richness
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Laboratory Report
Introduction
• What is biodiversity and why is it important?
• Why look at invertebrates?
• What was the purpose of this study and what was your hypothesis?
Material and Methods
• What did you do and how did you do it?
Results
• What did our data and calculations show regarding diversity, evenness, richness?
• What OTU’s were found and in what abundance (you can use tables and figures to
support your discussion).
Discussion
• What does the data mean? Is the study area arthropod biodiversity high or low? What
about the evenness and richness?
• What factors may be influencing the diversity, evenness, and richness?
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Appendix A - Calculating Diversity Indices
Shannon Diversity Index: 𝐻! = −

!
!!!

𝑝! ln 𝑝!

Example Table

Species
A
B
C
D
Total

Number of
individuals
10
20
5
6
41

Pj

Pj(lnpj)

0.24
0.49
0.12
0.15

-0.34
-0.35
-0.25
-0.28

H’

E

S (richness)

1.22

0.88

4

Steps in calculating SDI:
7. Find proportion of each species (pj)
a. Example: Species A = 10/41 = 0.24 where 10 is the number of species A
individuals and 41 is the total number of individuals identified
8. Multiple your pj for that species by the natural log (ln) of that species proportion
a. Example: Species A = 0.24*ln (.24) = -0.34
9. Add all of your pj(ln pj) together and negate them to get your diversity index
a. Example: -0.34+-0.35+-0.25+-0.28 = -1.22
b. Negate = -(-1.22) = 1.22 à this is your diversity index
i. The higher the number, the more diversity in an area
ii. This is helpful when comparing two areas together
Steps in calculating species richness
3. Count the total number of species or lowest taxonomic unit (order, family, etc…) that
was identified.
a. Do not count the total number of individuals of that species!
Steps in calculating evenness (E)

𝐸 = 𝐻 ! / ln 𝑆

3. Divide your SDI by the natural log (ln) of your richness.
a. Example: 1.22/ln 4 = 0.88
b. Evenness range:
i. 0 = not even, 1 = complete evenness
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Notes to the Instructor: Biodiversity (terrestrial areas)
Purpose
• The focus of this lab is to give students experience conducting field studies, identifying
and quantifying organisms, and interpreting data gathered during field studies to
quantify ecosystem or ecotone level of diversity, richness, and evenness.
Setup
• Ensure that all field equipment being used is in good condition. Use buckets to transport
small items.
•

Have students carry equipment to the field area and emphasize that they need to
properly handle the equipment.

Instructional
• Stress to students that they will be in a field setting and not a lab setting and that they
should wear appropriate clothing for outdoor work.
•

Demonstrate the sampling techniques with the apparatuses in the field.

•

When breaking the class up into small groups, try to keep all groups within eye sight.
Take another instructor if necessary as an extra set of eyes.

•

Students can identify organisms either on site or the samples can be brought back to the
lab. This will depend on amount of sampling containers available and comfort level of
the instructor in bringing specimens back to the lab.

•

A specific quantity of organisms can be caught by each group in order to reach a
standardized sample or the instructor can have each group sample a specific number of
times and then identify and quantify all the organisms they collected.

•

Permission and/or permits for field sampling should be obtained three to six months
prior to the sampling event.

Other options
• This lab can be combined with phenology studies to determine seasonal emergence
patterns at the field site.
•

This lab can be incorporate the use of water chemistry equipment to collect data on
abiotic factors and to improve students understanding of how ecosystems or ecotones
operate together.

146

Applied Biology Laboratories

•

The records on the taxa identified and quantified from each class’s sampling events can
be kept to compare year to year trends and allow students to witness changes in
biodiversity data over time.
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26. Aliens in our Backyard!
Introduction
Aliens really do exist! That’s right, they do. However, they are not little green, otherworldly
Hollywood beings with giant heads, big black eyes, and long thin limbs. Instead environments
have had aliens introduced into them since humans began exploring and trading natural
resources across the planet over a thousand years ago.
In science we call these creatures introduced species. By definition these are individuals of a
species that are brought to an area where they do not naturally exist and where they have not
evolved. Species can be brought to an area for a variety of reasons. Sometimes it is an accident,
like spiders or frogs trapped in fruit containers during harvest, then packaged and sent by truck
or plane to other parts of the world. Other times, species are intentionally set free to control
certain pest populations. For example, the cane toad from South America was released to
control the cane beetle native to Australia. The objective was to prevent the cane beetle from
eating the sugar Australia’s cane crop. Other times, species are introduced because people
intentionally release animals for no other reason than they want to or they do not know any
better.
On occasion, introduced species can coexist with the native species. More often than not,
however, introduced species become invasive species. This means that they compete or
outcompete native species populations for the same resources. The results are often
devastating to the local populations because the introduced species do not have any predators
or other environmental factors that can keep them in check.
One such species, the focus of this lab, is the rusty crayfish. Rusty crayfish are native to the
southern portions of North America. Due to their relative ease of procreation and abundant
supply, these crayfish were once heavily used as live fish bait. As anglers traversed the United
States, and long before bait regulations existed, anglers would transport this species up and
down the eastern United Sates. Many individual rusty crayfish would either slip off the hook or
be intentionally dumped overboard at the end of the fishing trip.
Rusty crayfish quickly became an invasive species in New York streams and ponds. Due to their
voracious appetite, feeding on vegetation as well as being active hunters of native crayfish,
their prolific reproduction, and their aggressive defensive behavior they have become
problematic for native species. Rusty crayfish have a unique defensive behavior, they tend to
stand their ground whereas other native crayfish species try to hide or swim away. There are
two purposes of this lab. One to gain first hand research experience in studying wildlife
populations and the second is to determine to what extent the rusty crayfish is invading a local
area.
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Procedures
Materials and Methods
Crayfish will be caught using funnel traps baited with sardines. Most all crayfish are detritivores,
meaning they eat dead decaying material in the water column. Traps will be set in random
locations at the site prior to the lab. Students will retrieve the next day during lab. When a trap
is pulled out of the water, it will be checked for crayfish and bycatch (organisms other than
crayfish). Bycatch will be placed back in the water column while crayfish will be identified,
measured for carapace length, and sexed. This data will be recorded and later analyzed.
Safety note: There is a proper way to hold crayfish without getting pinched. The instructor will
also show you how to hold and measure a crayfish when the class gets into the field.
Results
• Be sure to write down the class data for this study. A mock table is provided below.
Species

•

Carapace Length (mm)

Gender

Include in your lab report
o A narrative of the results including
§ How many crayfish were caught
§ What species were caught
§ The range in size for each species caught
o A table summarizing the data

Discussion Questions
• The Adams Farm and Boise Pond properties at the Rogers Environmental Education
Center are somewhat secluded from the river where the greatest abundance of rusty
crayfish can be found. How do you suppose the rusty crayfish that were caught during
this lab got into the pond?
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•

How did the size of the native crayfish that your team caught compare the size of the
rusty crayfish that you caught? What advantage do you think this gives to the rusty
crayfish?

•

What behavioral differences did you notice between the native crayfish versus the rusty
crayfish? If you were a predator, how long would you pursue a rusty crayfish over a
native crayfish?

•

If you could do this study again, what would you do differently?
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Notes to the instructor: Aliens in our backyard!
Purpose
• The focus of this lab is to give students experience in conducting field studies,
identifying and quantifying organisms, and interpreting data gathered during field
studies. This lab will also help students understand the impact of invasive species.
Setup
• Ensure that all field equipment being used is in good condition. Use buckets to transport
small items.
•

Have students carry equipment to the field area and emphasize that they need to
properly handle the equipment.

•

Canned sardines can be purchased at local supermarkets. Use normal sardines in water.
Avoid flavored varieties.

Instructional
• Stress to students that they will be in a field setting and not a lab setting and that they
should wear appropriate clothing for outdoor work.
•

Demonstrate the sampling techniques with the apparatuses in the field.

•

When breaking the class up into small groups, try to keep all groups within eye sight.
Take another instructor if necessary as an extra set of eyes.

•

Students can identify organisms either on site or the samples can be brought back to the
lab. This will depend on amount of sampling containers available and comfort level of
the instructor in bringing specimens back to the lab.

•

A specific quantity of organisms can be caught by each group in order to reach a
standardized sample or the instructor can have each group sample a specific number of
times and then identify and quantify all the organisms they collected.

•

Permission and/or permits for field sampling should be obtained three to six months
prior to the sampling event.

Other options
• This lab can be combined with phenology studies to determine seasonal emergence
patterns at the field site.
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•

This lab can be incorporate the use of water chemistry equipment to collect data on
abiotic factors and to improve students understanding of how ecosystems or ecotones
operate together.

•

The records on the taxa identified and quantified from each class’s sampling events can
be kept to compare year to year trends and allow students to witness changes in
biodiversity data over time.
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27. The Edge Effect
Introduction
When most of us are asked to name an ecosystem, the answer comes easy. Tropical rain forest,
temperate forest, desert, coral reef, tundra, and a few others often come to mind. What is
often left unspoken, however, is the recognition that these ecosystems have smaller
components of abiotic factors that make up and build the ecosystem to the magnificence that it
is. In short, an ecosystem is a product of the sum of its parts. These parts are known as
microclimates, microhabitats, or ecotones. Smaller areas within an ecosystem have
temperature, humidity, air and water currents, topography, and a host of other abiotic factors
that influence the overall climate of the system. Areas such as an intermittent stream, under a
rock or log, the leaf litter on the forest floor, or the canopy of the trees, are all examples of
microhabitats.
The organisms living in an ecosystem respond to these smaller variations by seeking out specific
microhabitats in which to reside. Some organisms are generalists, like white tailed deer, and
can go anywhere in a temperate forest since they are well adapted to the many different
microhabitats they will encounter. Others, like red-backed salamanders, are often only found
under moist rocks and logs since they will dry out quickly if they remain out in the open
regardless of the locality in the temperate forest. Organisms that can occupy only a specific
microhabitat, and therefore niche, are called specialists. An ecosystem is healthy when it is
occupied by a good diversity of generalists and specialists. To have a good diversity of
organisms, there needs to be a greater diversity of microhabitats.
The focus of this lab will be to visualize and understand the differences in temperature and
humidity changes in several microhabitats within a temperate forest. Working in small groups,
you will program data loggers to record data that will later be analyzed by the class. Your group
will work together to generate a graph that will demonstrate how abiotic factors influence the
microhabitat you studied. Your group’s data will also be compared to data collected by other
lab teams from other microhabitats to help understand the field site temperate forest
ecosystem as a whole.

Procedures
Materials and Methods
Programming the Logger
Each group should obtain a Lascar USB-2 Temperature/RH data logger from the instructor. Each
group will program their logger so that data will be taken at regular time intervals over a oneweek period. Use the following steps to program the logger using either the Lascar Data Pad or
the computer software application.
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1. Open the EasyLog USB program on the computer or turn on the LASCAR Data Pad.
2. Plug the Lascar USB data logger into a USB port on the computer or LASCAR Data Pad.
The program on either device should immediately recognize that the logger has been
inserted.
3. Choose <Set-Up Logger>
4. Full set-up instructions
5. Change name - Input the corresponding label to your data logger as indicted below in
the Microclimates section
6. Set scale to oC,
7. Set sample frequency to 1hr
8. Set temperature low alarm off
9. Set temperature high alarm off
10. Set humidity low alarm off
11. Set humidity high alarm off
12. Delay start - enter start date as indicated by the instructor
13. Enter start time as 12:00:00
14. disconnect the logger, look at indicator lights to be sure they are flashing green
Logger Deployment
Your group will use a random selection process to choose the microclimate where you will
place your logger. Each class group will collect data from a different microclimate. You may
need to use plastic cable ties, rope, and plastic or wooden stakes to deploy the logger in your
area. Be sure to obtain these materials from the instructor before finding a spot to deploy the
logger. You should also consult with the instructor to discuss the best deployment strategy for
your logger. A detailed list of labeling, deployment orientations, and definitions follows. Figure
27.1 shows how to mount the data loggers to an object using cables ties.
I.

Field - treeless open area with full sun
a. Label - Field
b. Deployment setup - drive a tall stake firmly into the ground. Use a cable tie to
secure the data logger to the highest point on the stake so that the data logger
is slightly elevated above the top part of the stake.

II.

Field Under Cover - Shaded area on the ground at base of tall grass in an open field
a. Label - Field Covered
b. Deployment setup - drive a stake firmly into the ground. Use a cable tie to
secure the data logger to the stake at ground level in a vertical position so that
the logger will be completely covered by the tall grass.

III.

Forest Edge - Area of forest that borders an open field
a. Label - Edge
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b. Deployment setup - Use a cable tie to secure the data logger to either a small
branch, tree trunk, or stake driven into the ground at approximately chest
height. The logger should be mounted in a vertical position. Your sampling site
should be approximately 10 m from the field/forest border.
IV.

Forest - Area of forest well away from the edge of a field with complete canopy cover.
a. Labe l- Forest
b. Deployment setup - Use a cable tie to secure the data logger to either a small
branch, tree trunk, or stake driven into the ground, at approximately chest
height. The logger should be mounted in a vertical position Your sampling site
should be approximately 100 m from the field/forest border.

V.

Leaf Littera. Label - Litter
b. Deployment setup - Find a pile of leaf litter approximately 5 cm deep in a forest
approximately 100 m from a field/forest border with full canopy cover. A good
spot is usually near the base of fallen logs or rocks. Gently lift the leaf litter away
to expose the bare ground. Place the data logger on the bare ground in a
horizontal position, then gently lay the leaf litter back over the data logger so
that it is completely covered (Figure 27.1).

Figure 27.1. Proper deployment setup for a data logger attached to a stake with plastic cable ties.
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Data Logger Retrieval and Data Download
When we return to the field, you will collect your loggers and return them to the instructor. The
instructor will use the LASCAR Data Pad to stop and download the logger data and return it to
your group.
Back at campus in the lab, follow the steps below to download and view your data:
1. Open the EasyLog USB program on the computer
2. Plug Lascar USB data logger into a USB port on the computer. The program should
immediately recognize that the logger has been inserted.
3. Choose <Stop the USB data logger and download data>
4. Click <Next>, wait for download to complete
5. Click <View Data>, the EasyLogGraph program should open up with a graph showing the
data. If it does not, click on <Graph View> in the menu bar.
6. While in graph mode, click the <Dew Point> box to remove the dew point data from the
graph
7. In the menu bar at the top of the program, click <Statistics>. A column should appear on
the right side of the screen with a variety of data. Ignore the dew point numbers.
8. Select the printer icon and navigate to the computer lab printer. Print enough copies of
your graph and data for your entire group.
Results
• One member from each team should record the group’s microhabitat data on the board
in the class data table developed by the instructor. Also, be sure to enter the class data
in the table provided below to reproduce in your lab report.
TEMPERATURE- CLASS DATA
Microhabitat
Field

Temp. Max.

Temp. Min.

Temp. Avg.

Field Under Cover
Forest Edge
Forest
Leaf Litter
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HUMIDITY- CLASS DATA
Microhabitat
Field

Hum. Max.

Hum. Min.

Hum. Avg.

Field Under Cover
Forest Edge
Forest
Leaf Litter

•

The instructor will hand each member of the class a composite graph showing all
microhabitat temperature and humidity trends on one graph. Keep this to reference for
your report.

•

Include in your lab report:
o A narrative of the data including the maximum, minimum, and average
temperatures and humidity for each microhabitat.
o What was the general trend for each microhabitat temperature and humidity?
What generally went up, what generally went down, and what stayed the same?

Discussion Questions
• Compare the differences between the maximum and minimum values for each
microhabitat, and identify which microhabitat showed the greatest variation in
temperature and humidity? What factors might account for the variations? Which
microhabitat showed the least amount of variation? What factors might account for the
reduced amount of variation?
•

How do you suppose the variation in temperature and humidity influences the
organisms that reside in the microhabitat?

•

If given a chance to conduct the experiment again, how would you change the
experiment and/or what would you do next?
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Notes to the instructor: The Edge Effect
Purpose
• The focus of this lab is to give students experience conducting field studies using current
technology to accurately identify and compare trends of microhabitats of an area and to
practice interpreting climate data.
Setup
• I recommend that you deploy the loggers at least once prior to the lab period to ensure
that they are programmed correctly and that they will properly operate in the habitats
your students will be studying.
•

Ensure that all field equipment to be used is in good condition. Fully charge the data pad
before field use. Bring a laptop computer as a back up to program the loggers.

•

Have students carry equipment to the field area and emphasize that they need to
properly handle the equipment.

Instructional
• Stress to students that they will be in a field setting and not a lab setting and that they
should wear appropriate clothing for outdoor work.
•

Demonstrate how to program the loggers using the data pad at the field site.

•

When breaking the class up into small groups, try to keep all groups within eye sight.
Take another instructor, if necessary, as an extra set of eyes

•

Loggers placed in the field or on tree branches can be secured using plastic cable ties.

•

Review the classification of each microhabitat with the class before each group
programs and deploys their logger.

•

Permission and/or permits for field sampling should be obtained three to six months
prior to the sampling event.

•

Data download can happen on the data pad or a computer. I recommend that all data
be moved to a computer hard drive for analysis.

•

The instructor will need to export the data to and combine data in excel, or guide
students through the process, in order to generate a graph with all the climate trends
from all of the microhabitats in one graph.
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Other Options
• This lab can be coupled with phenology studies to determine seasonal emergence
patterns at the field site.
•

The records from each class’s sampling events can be kept to compare year to year
trends and allow students to witness changes in data over time.
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28. Population Ecology Lab
Salamander Assemblages
The planet we live on is truly remarkable. As far as we know, it is the only planet in the universe
that sustains life. Earth’s tilt, elliptical orbit, distance from our sun, and topography provide the
perfect mix of climactic variations that support the development and sustainability of numerous
diverse ecosystems and even more niches to fill by organisms. There are several estimates of
the exact number of species on our planet; most settle around the 10 million mark. However, in
biology, we have only named a mere one million-plus species. Many more reside in jars in
collections housed in museums or academic institutions just waiting for a biologist to name and
classify them. The rest, of course, have yet to be discovered.
Unfortunately, just as science is beginning to unravel the tree of life, the human species is
destroying it. Habitat degradation (declining habitat health), habitat fragmentation (break up of
continuous habitat, and habitat destruction (removal of habitat) are the main culprits. To
combat this rapid decline in life forms, conservation biologists work with governments, native
populations, and international agencies to study Earth’s unique biodiversity. Biodiversity
investigates the total number of species in an area and the relative number of individuals of
each species in an area. Scientists can evaluate the health of an environment by doing a few
routine field collections and performing a few simple calculations. Biodiversity is investigated
on three levels
•
•
•

Genetic Diversity - all of the available genes within a population
Species Diversity - the number of species in an area
Ecosystem Diversity - the number of ecosystems and corresponding
microenvironments. Microenvironments are smaller subsets of habitats within an
ecosystem. For example, under a rotting log or the upper canopy of a tropical rainforest
are microenvironments with specific temperature and moisture levels that only
particular organisms can thrive in.

There are several diversity indices that calculate the variability in living systems, species
evenness, and species richness. Species richness is simply defined as the number of species
found within an area. Species evenness calculates the proportional representation of each
species within an environment (Figure 28.1). All of these calculations are outlined in Appendix
A. Using these calculations biologists can not only gauge the number of species in an area, but
can also assess the relative health of an environment or ecosystem.
This lab will focus on the diversity of arthropods and vertebrates found near a small pond.
During this lab you will be going into the field (outdoors) to perform some basic field collecting
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techniques for arthropods. You must attire (boots, long pants, long-sleeved shirts, and maybe a
hat) appropriate for the day and that you won’t mind getting dirty. To prevent sampling fatigue
of an area (sampling an area too many times within a short duration of time), each lab team will
perform diversity searches in different localities and in different microenvironments. The
instructor will give you the information on where to go, what equipment to use, and equipment
operation when you get to the field site.

A

B
Figure 28.1. Comparisons that can be made between various habitats with differing degrees of species
diversity and evenness. Pond A has low diversity and low evenness while pond B has high
diversity and high evenness.
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Why Salamanders?
Salamanders are found in practically every moist, shady habitat in the northeast region of North
America. The highest densities are found in the Appalachian region. There are more species of
salamanders in the Appalachians than anywhere else in the world. New York has at least 18
species. Most of the salamanders in the Appalachian region belong to the family
Plethodontidae. One of the characteristics of this family is that they do not have lungs. The
absence of lungs makes more room for their large, protrusible tongue. The lack of lungs may
also reduce the buoyancy of salamanders and thus may be an adaptation to prevent the
organism from being swept down the rapidly flowing streams that many species are associated
with. However, salamander respiration does not occur through their skin. To breath, their body
must remain moist to absorb oxygen. Most terrestrial (land based) species keep their skin moist
by being nocturnal and by taking shelter under moist rocks and logs during the day.
Another factor influencing the distribution of salamanders is the degree to which they rely on
water for reproduction. Some lay eggs entirely in the water and have larvae that go through an
aquatic stage. Others lay eggs under rocks, wrap eggs around debris to keep them moist, or
have larvae that go through the aquatic stage in the egg itself.
Salamanders are carnivorous and will eat anything that moves and is small enough to swallow.
Different species of salamanders that live in the same location avoid competition by eating
different sizes of food rather than different types of food. Common food items include spiders,
insects, worms, snails, and other salamanders.
When collecting salamanders, you will quickly discover that to find a particular species, you
must look in the right place at the right time. The salamanders in each geographical area have
subdivided their habitat according to the environmental features to which they are best
adapted. Some are highly adapted to aquatic life and are found in streams or ponds, some
prefer the rocky banks of streams, some prefer rocky ravines with only a trickle of water, some
prefer woodlands close to water, and some prefer hillside and hill tops far from streams or
ponds. Each species lives in a habitat where its physiology, behavior, and life cycle enable it to
compete most effectively. Most species share their habitat with several other species. These
species must have some mechanism such as size of food eaten, or other attribute, which allows
them to subdivide their niches.
This lab will focus on the diversity and species composition of salamanders in intermittent
spring fed streams (seeps). During this lab you will be going into the field (outdoors) to perform
some basic field collecting techniques for salamanders. You must wear attire (boots, long pants,
long-sleeved shirts, and maybe a hat) appropriate for the day and that you won’t mind getting
wet, muddy, or dirty. Your class will be broken into small groups and assigned an area to search
within a set amount of time. The instructor will give you the information on where to go, what
equipment to use and its operation when you get to the field site.
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The entire class will need to work as a team for this lab to be successful. There is no step-bystep protocol for this lab, but different people will need to be assigned to several specific jobs
to complete the fieldwork. The better you work together, the easier and faster the lab will go!
The instructor will explain how to use the field equipment when the class is at the collection
site. For the purposes of this lab we will be classifying to genus and species and also take some
basic measurements of each individual caught.
Remember to wear clothing that you do not mind getting dirty and/or wet. Be sure to bring
along water and small snacks, if needed. You are not required to bring a backpack, however if
you choose to bring one, the bag and its contents are your responsibility. Students may request
the instructor to carry a small number of personal items in his backpack
PLEASE INFORM THE INSTRUCTOR if you have any special medical conditions (allergies to
insects, bad joints, diabetes requiring insulin shots, etc.) that may need to be considered before
light hiking to the field site.

Purpose
There are three objectives of this lab. One is to give students first hand research experience in
what it takes to study biodiversity and populations of organisms. This will be done by using
common equipment and analytical methods biologists use to study various taxa within a region.
The second objective is to give students practice identifying and learning about the various
organisms found in our local area along with their corresponding niches. Many of these
organisms often go overlooked and are grossly misunderstood. This lab aims to help students
gain an appreciation for even the smallest of creatures, many of which are found right in your
own backyard. The third objective is to contribute data to long term monitoring efforts at the
sample site. In essence, the types and relative abundance of organisms caught one day may not
be the same following year. The data collected during this lab contribute to valuable
information on species and community structure that can help educate generations of students
well into the future.

Procedures
1. Before the field trip, learn to recognize the following species of salamander. Images and
distinguishing characteristics are provided in Appendix B of this laboratory.
a. eastern red-backed salamander - Plethodon cinereus
b. northern two-lined salamander - Eurycea bislineata
c. northern dusky salamander - Desmognathus fuscus
d. Allegheny Mountain dusky salamander - Desmognathus ochrophaeus
e. eastern red spotted newt - Notophthalmus viridescens
f. northern slimy salamander - Plethodon glutinosus
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2. The class will perform a modified patch sampling method to search for salamanders.
a. At the site, the instructor will divide the class into five groups, each of which will
be assigned a patch to survey.
b. Each patch is measured as an 8 m x 8 m square (boundaries will be marked by
pink flagging) with the seep running through the middle of the patch and
approximately 4 m of bank running up both sides of the seep.
c. Each group will search their patch for a period of time equivalent to one personhour (defined as the time it would take for one person to search the entire
designated area). Since there will be more than one person searching each patch
at a given sampling event, the search time allotted for each patch will be
determined by the number of individuals searching the area. For example, a
group of consisting of four members will search their patch for 15 minutes (4
people x 15 minutes = 1 search hour). Typically, the longer an area is searched,
the more likely it is to find more specimens compared to the number of
specimens likely to be found in a shorter timed search. This methodology
controls for the amount of search time and ensures that the search time for each
patch, and therefore possibility of finding a particular specimen, is equivalent
between the different patches searched.
d. At the instructor’s signal, each member of the group will begin to carefully
search their area. THIS IS NOT A RACE! Cover items such as rocks and logs should
be lifted or covered carefully and placed back exactly how they were found.
Placing a cover item back the way you found it helps to reduce habitat
disturbances and reestablishes the microhabitat you just disturbed. Your group
may want to strategize who is going to search what part of the patch so that the
same cover object is not lifted more than once.
e. Collection procedures, rules, and regulations
i. Salamanders can be caught by hand or by using a small net. The animals
can then be placed into a zip lock plastic bag with a moist paper towel
provided by the instructor. Be sure to provide plenty of air space you seal
the bag. Do not place the specimen bag in direct sunlight. Do not to itch
your eyes after handling a salamander as they release sticky skin
secretions when disturbed!
ii. Replace the cover object to its original position and leave the plastic bag
with the salamander next to the cover object until the end of your
group’s designated search time.
iii. At the end of the search time, identify the genus and species of each of
your salamanders and measure the snout-vent length (SVL) of each
specimen. The instructor will help you with these tasks.
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iv. Return the salamander to the same rock from which it came.
3. Back in the lab the class’s data will be pooled and we will perform a statistical analysis
a. Attributes we will analyze in our study include
i. Species diversity, richness, and evenness
ii. Species density
iii. Life stage distribution

Laboratory Report
Introduction
• Describe biodiversity and why it is important in helping us understand ecosystem
health.
• How does studying salamander populations help us understand the health of the forest?
Materials and Methods
• What were your procedures for this lab.
Results
• What were the results of our study?
o Present and discuss the values you obtained for the Shannon Diversity Index,
species richness, evenness, and species density.
o How many of each species of salamander did the class find? How many adults,
how many juveniles?
o Where were each of these species located within each plot? For example, where
were most dusky salamanders found versus eastern red-backed salamanders? In
the seep, on the hillside, under rocks, etc.
Discussion
• What does our data indicate about the salamander population where we sampled? Is
the population diverse? Is reproduction occurring?
• What errors or assumptions could have occurred that could have influenced our data?
• How could we improve upon this study for future classes? List at least three suggestions.
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APPENDIX A - Calculating Shannon Diversity Index
Shannon Diversity Index: 𝐻! = −

!
!!!

𝑝! ln 𝑝!

Example Table:
Species
A
B
C
D
Total

Number of
individuals
10
20
5
6
41

Pj

Pj(lnpj)

0.24
0.49
0.12
0.15

-0.34
-0.35
-0.25
-0.28

H’

E

S
(richness)

1.22

0.88

4

Steps in calculating SDI:
10. Find proportion of each species (pj)
a. Example: Species A = 10/41 = 0.24 where 10 is the number of species A
individuals and 41 is the total number of individuals identified
11. Multiple your pj for that species by the natural log (ln) of that species proportion
a. Example: Species A = 0.24*ln (.24) = -0.34
12. Add all of your pj(ln pj) together and negate them to get your diversity index
a. Example: -0.34+-0.35+-0.25+-0.28 = -1.22
b. Negate = -(-1.22) = 1.22 à this is your diversity index
i. The higher the number, the more diversity in an area
ii. This is helpful when comparing two areas together
Steps in calculating species richness
4. Count the total number of species or lowest taxonomic unit (order, family, etc…) that
was identified.
a. Do not count the total number of individuals of that species!
Steps in calculating evenness (E)
𝐸 = 𝐻 ! / ln 𝑆
4. Divide your SDI by the natural log (ln) of your richness.
a. Example: 1.22/ln 4 = 0.88
b. Evenness range:
i. 0 = not even, 1 = complete evenness
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APPENDIX B - Species Identification
Eastern red-backed salamander - Plethodon cinereums – Wide, uniform red-orange stripe
running from snout to tail tip, grey sides with blue silvery flecks.

Lead Back Phase

Normal Phase

Northern two-lined salamander - Eurycea bislineata - Golden to bronze color throughout body,
two black lines extending from behind the eye down through the tail, black markings on sides
and back.
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Northern dusky salamander - Desmognathus fuscu - Earth tone coloration with small black
flecks or mottling, sometimes seen with two rows of wavy lines running from the eye down to
the tail, white line running from eye to mouth, top of tail comes to a sharp point or keel.

Allegheny Mountain dusky salamander - Desmognathus ochrophaeus - Similar in appearance
to D. fuscus but with more distinct and wide yellowish-brown stripe running from the snout
down to the tail, chevrons present in middle of back on young individuals, top of tail rounded.
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Eastern red spotted newt - Notophthalmus viridescens - (only red eft life stage will be seen) –
Uniform, bright orange to olive drab in color, two rows of one to ten red spots running from the
neck to tail base.

Northern slimy salamander - Plethodon glutinosus - Large four to six inch salamander, slender body
shape, black coloration with small white flecks.
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Notes to the instructor: Salamander Assemblages
Purpose
• The focus of this lab is to provide students with field experience collecting data on
organisms and how these organisms utilize different portions of their environment in
order to thrive.
Setup
• the instructor may need to measure out sampling plots one-two days prior to the lab for
groups that are not as skilled in an outdoor environment.
•

Colored surveying flags can be used to mark the borders of the survey plot.

Instructional
• This lab is best performed at a seep or intermittent stream, ensuring that different
species of salamanders can be found.
•

Gain permission and/or permits to perform this laboratory from the land owner at least
three to six months prior to the lab.

•

Perform any necessary hygiene protocols for the safe handling of amphibians required
by your state.

•

The instructor should check the potential field site for different salamander species well
before bringing the class to perform this lab.

Other options
• The species present may vary in each state, region, and microhabitat. Take care to
research which species are present in the survey area.
•

The salamanders showcased in this lab are typical woodland salamanders found in a
typical northeast temperate forest. Species may need to be added or removed from the
identification guide, depending on the area.
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