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This packet is designed to give you guidance in preparing assignments for the course.  I 
give tips and suggestions that I think may help you succeed, but ultimately the responsi-
bility lies with you to be fully prepared for class, as well as to get questions clarified.  

You may have noticed that although Human Anatomy is a suggested prerequisite for the 
class, it currently is not required for you to register for Biology 225.  Although you will 
not be punished for not having this class, I strongly suggest you consider taking it be-
fore Biology 225.  I will try to give enough background for you to understand concepts 
in lecture and lab, but there will be instances where I simply cannot, and the onus will 
lie with you to be prepared with the proper background.

Many assignments and concepts contained herein were the result of discussions of with colleagues Cherryl Bak-
er, Diane Sullivan, Sharon Daniel, Marc Perkins (Orange Coast College), as well as Dale Deslauriers (Chaffey 
College).
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Grading Criteria and Grading

Grading criteria: Accuracy, clarity, completeness, use of English, including grammar and spelling.

Grading:

Lecture Exams: 4 @ 100			   400
Lab Report: 1 @ 50				    50
Self Design Presentation: 50			   50
Lab Notebook: 2 @ 50				    100
Term paper: 100				              100
Journal Article Summary: 2 @ 25		  50
Journal Discussion Presentation: 25		 25
Online Quizzes : 10 @ 5			   50
Other assignments: 				    ???

		  Total:				              825 + other assignments
 
Your final grade in the class will be weighted such that lecture exams will comprise 60% of your grade, with the remainder of 
course work making up the additional 40%.

I grade on a straight scale:
		  90-100% = A
		  80-89% =   B
		  70-79% =   C
		  60-69% =   D
		  50% and below = F

The grade you earn is the grade you get!



Lecture and Reading topics: 

Build your comprehension of each topic in stages, simple and broad at first. Add details later. 

Stage 1: 
What does it do? Physiology is about mechanisms. The way biological systems work. For each topic, the most basic 
level of understanding is to be able to state in clear, simple statements, what a system does. What does an auto-
mobile do? It moves people and small objects around on land. What does a skeletal muscle do? It shortens when 
stimulated, producing forces that draw two bones (or other structures) closer together. 
You should be able to say something simple and clear like this about every item in the course. 

Stage 2: 

How does it work? This is usually a longer answer. How does an automobile move? The complete answer is many 
pages of details about engines and transmissions. How does a muscle move? Likewise, a long story involving mem-
brane excitability, calcium, ATP, and proteins with names like actin, myosin, etc. Learning to tell a story at this level 
is a lot like learning to play music. You cannot prepare to perform music by looking at the sheet music. You have to 
pick up your instrument and practice. Rereading your notes or your text won’t help. You have to say it yourself and 
write it many times to be sure you can do it on a test. It helps to practice with a friend once you get pretty good. 
(P.S. This is how you learned to do everything you ever learned. Did you learn to write, or tie your shoe, or sew, or 
hit a tennis ball, or program computers by watching others do it? Humans don’t learn passively. We learn by active-
ly doing the thing as many times as it takes to get it right.) 

Stage 3: 
How is it regulated? Living systems control their activities. Once you can explain how a muscle contracts, your next 
level of understanding is to be able to explain how the organism regulates which muscle contracts, and when, and 
how strongly. This will usually be the most complex level of comprehension, involving multiple systems, feedback 
loops, and so on. Once again, you learn this kind of complex idea by repeatedly explaining it yourself, verbally and 
in writing. 



Exams: 

Lecture content: You must be able to explain in words and diagrams every concept presented in lecture. No topic is off 
limits. Learn everything, Stages 1,2, and 3 for every concept. 
Reading content: Each exam will feature questions from the reading assignment that were not addressed at all in the 
lecture. My expectations of you will increase with each exam. 

Exam 1: Stage 1. You will be expected to be able to state in short, clear sentences what various items do in a bio-
logical system. ATP? Mitochondrion? Transcription? Can you state in one sentence what these things do? Can you do 
it with topics that were in the book but not in the lecture? 

Exam 2: Stage 2. You will be expected to be able to explain in words and diagrams how systems work. Second 
messengers? Chemical synapses? Spinal reflexes? Can you tell a detailed story about how each of these items works? 
Can you do it with topics that were in the book but not in the lecture? 

Exams 3 and 4: Stage 3.  You will be expected to be able to explain in words and diagrams the regulatory mecha-
nisms, feedback loops, etc. that control physiological systems. Heart rate? Ventilation rate? Urinary excretion of so-
dium? Can you explain the feedback loops that regulate each of these? Can you do it with topics that were in the book 
but not in the lecture?



Term paper:

This assignment is designed to allow you to explore in-depth an area of physiology that is of interest to you, as well as to give you 
experience conveying scientific thoughts and ideas in writing.

•	 You may write on any topic you choose, as long as it can be classified as physiology.  Students often choose to write about 
topics that are largely anatomical or psychological; if yours fits better into these categories, consider realigning your thesis.  You 
may always ask me for guidance if you are unsure of your topic.

•	 Your paper should be prepared as a review manuscript for The Journal of Experimental Biology.  Go to the URL below for 
information on preparing your paper.  The body of your paper should be about 3000-3500 words long.

http://jeb.biologists.org/site/author/manuscript_preparation.xhtml

•	 You may include as many references as you wish, but five of your references must be from reputable scientific journals or 
books and they must be less than two years old.  

•	 This assignment is worth 100 points.  Of those 100 points:

o	 Correct formatting = 10pts
o	 Appropriate topic (again, almost anything physiological is okay) = 10pts
o	 Content = 50 pts
o	 Spelling/grammar = 20 pts
o	 References = 10 pts

•	 A hard copy of this paper is due no later than week 13 at the beginning of the first lecture.  You may also be asked to turn in 
an electronic copy of the paper (instructions will be given in class).

I shouldn’t have to say this, but I will.  You absolutely must give your references credit for their work: be ultra-careful about in-
text citations and your reference list.  Make sure to rewrite thoughts in your own words, and remember that using quotes are 
almost never acceptable in an assignment like this.



Notebooks and Lab Reports:
 

I have several objectives for each lab exercise: 

1. You will learn how to study some process. This means you must learn some method of measurement. In physiology, this al-
most always means hardware, buttons and dials, chemicals and measurement, etc. I expect you to know how to run every piece of 
equipment and perform every measurement by yourself. 

2. You will execute some measurements, perhaps in the form of a miniature experiment, perhaps simply to make some measure-
ments and observations. You are expected to record all data from these measurements in your lab notebook. 

3. You will learn to analyze and interpret the data you collect. This will include some graphing, some algebraic or geometric com-
putation, some computerized statistical analysis, etc. I expect you to understand how to interpret the results of every measurement 
we do. 

4. We will spend time discussing further possibilities with each technique. You should keep your imagination alive, and try each 
week to see what new questions can be devised and answered with the methods you have learned. 

______________________________________________________________________

The lab notebook is the process by which you will learn to do all this. The following outline should 
be used to guide you in writing a good lab notebook. Each exercise should be written in this format. 

If one exercise takes two weeks, it should still be written as a single report. 



TITLE: Write a title that describes the nature of the exercise. For example: “A Comparison of the Buffering Capacities of Bicar-
bonate, Protein, Serum, and Blood.” 

INTRODUCTION: Introduce concepts that underlie the events to be measured and the reasons for wanting to measure them. 
Provide a logical framework for the reader to understand the physiological principles under investigation, and what kind of infor-
mation is expected to come out of the experiment. Make clear the connections between the principles you have explained, the mea-
surements you intend to make, and the question you are about to propose. The last sentence of your introduction must be a specific 
statement of the experimental question at hand. 

MATERIALS AND METHODS: This section must be a complete description of everything you did. The best structure for the 
M&M section is a chronological narrative of the procedures and measurements. Equipment used, measurements made, experi-
mental conditions, etc. should be included. Lists of equipment and materials are generally unnecessary if the narrative is com-
plete. There should be enough information here that a peer could follow the directions and do exactly what you did. When you 
use information published elsewhere (e.g. in the lab handout or some other text) you must cite the source in the text AND include 
the source in your Reference section. Generally, you need not explain every move you make on a computer or a lab instrument. 
A one liner such as “pH was measured with a Corning Model 10 pH meter.” is usually sufficient. This way, you don’t have to write 
three pages of instructions that are in print elsewhere.

RESULTS: This section contains the data. All the data. It also contains any graphs, charts, statistical analysis, etc. that comprise 
the analysis of the original data. This section specifically does not contain any interpretation of the data, nor any conclusions. 

DISCUSSION: This section begins with interpretation of the data. Refer to the results section to specifically document the con-
clusions you draw. Discuss the relationship of the results to the principles you presented in the Introduction. This is the part of 
your report where you make sense of the data, and relate it to the physiological concepts that you learned in the process of car-
rying out the study. You have some freedom here to speculate on possible explanations for observations you made. You may also 
want to discuss sources of error, ideas for further experimentation, etc. I MOST CERTAINLY DO NOT WANT TO READ that 
the lab exercise was fun and you liked it. You are learning a formal style of writing here. If you liked it or disliked it, tell me in 
person, but don’t put it in your lab report. 



REFERENCES: In composing your lab reports you are almost certainly going to have to refer to some resources. At the very least, 
you will want to read the appropriate sections of your textbook. For your Methods section, you will have used your lab handout. 
List these resources in correct literature citation format. Use the guidelines below to help you cite references correctly: 

Introduction: the basics of literature citation

Citing literature properly is key to writing well. While I’m sure that you’ve seen literature citation discussed in English classes, I’ve 
created this document to describe how literature citation applies to scientific writing (and this course).
The basic idea behind literature citation is this: when you put your name on a paper, readers assume that you came up with every 
idea, and all the wording, found in your paper. Anytime you didn’t come up with an idea or specific wording in your paper, you 
need to indicate this to your reader by properly citing the information.

There are two basic requirements of scientific literature citation:
•  Anytime you take information from another source you must cite that source at the end of the sentence that uses the source.
•  Anytime you take exact wording from a source you must put the copied wording in quotes and include a citation at the end 
of the quotation.

These two requirements apply regardless of the source of your information: your source could be a friend helping you, a website, a 
textbook, a magazine article, a comic book, or an Abyssinian tablet.

In the next couple of pages, I’ll describe the literature citation format that your instructor expects you to use in this course. This 
citation format is based on those used in biological journals, and is similar to that used in all scientific writing. As a side note, 
biological writing has no standard format used by all journals; the style I describe is based largely on Pechenik’s (1997) guide (with 
some additions from Hacker 1992). Note, however, that different disciplines may have extremely different formats for references, 
and thus you should always check with someone in the field (or check a field-specific journal) to determine an appropriate style. 



How to cite references in the body of your paper

When citing sources within the text of your paper you need to list the author and year of publication of the work you’re citing. This 
information is typically put in parentheses at the end of of a quotation or at the end of a sentence that contains information taken from 
a source.

For example if Dr. Adolph was the author of a 1999 article you are referencing, you should write the sentence mentioning his work fol-
lowed by (Adolph 1999). If there were two authors on the article, you list both authors (Kirkton and Greenlee 1999), while if there were 
more than two authors you should state the name of the first author followed by et al. (Harrison et al. 1999). If you have multiple refer-
ences for a single sentence, list them all at the end of the sentence and separate them by a semicolon (Adolph 1999; Harrison et al. 1999; 
Kirkton and Greenlee 1999). 

If you discuss the author(s) of the reference you are citing in the text of the sentence, you can simplify your citation by simply following 
the author’s name with the year in parentheses. For example, “Frazier (1999) found something really cool.” Note that this style of in-text 
citation puts the focus of the sentence onto the people who did the work, rather than the work itself. In general, it’s better to focus on 
the actual work rather than the people who did the work, so don’t over-use this style of citation.
If you are citing information that has not been published, but which you learned directly from a person (e.g., it’s something you learned 
from a friend, or something a professor told you), you can cite the person by putting “pers. com.” after their name. For instance, if Art 
Woods told you something you needed for your report, you might describe it and then say (Woods pers. com.). Note, however, that 
“pers. com.” references are not a good way of citing information, and whenever possible you should find the same information in a pub-
lished source and cite that source instead of using a “pers. com.”.

This table shows the proper format for in-text citations:

				  
Number of authors Style Sample

One (Author year) (Russell 2006)

Two (Author 1 and Author 2 year) (Russell and Elliott 2006)

Three + (Author 1 et al year) (Russell et al 2006)



How to list references at the end of your paper

In addition to listing the author and year of your source in the body of the paper, you must have a “Literature Cited” or “Refer-
ences” section at the end of your paper that includes the full citation of all sources used in your paper.  The full citation must 
include enough information so that any person with access to a reasonable library could easily find the exact source (or portion 
of a source) that you used.

Always organize the references section alphabetically (by first author’s last name) and then chronologically.  If you have multiple 
sources from the same author in the same year, append lowercase letters to the year to differentiate them (e.g., Benford 1999a; 
Benford 1999b). 

Below are details on how to cite common types of materials.  For each type of material I’ve listed the general format, an example 
of how to cite a specific reference in the body of your paper, and a specific reference as it would appear in a literature cited sec-
tion.  

Journal Article

General format: Author last name, initials, other authors.  Year.  Title of article.  Journal name Volume: pages.

In-text example: A neat paper a few years ago looked at lizard growth (Sinervo and Adolph 1994).

Full citation example: 
Sinervo, B., and S. Adolph.  1994.  Growth plasticity and thermal opportunity in Sceloporus lizards.  Ecology 75: 776-790. 

Note:  This format is also used for citing popular magazine articles, the only change being the addition of the issue of the magazine in 
parentheses after the volume.



Book

General format: Author last name, initials, other authors.  Year.  Title of Book.  Publisher, place of publication, pages.

In-text example: I might want to cite my favorite college biology textbook (Purves et al. 1995).  

Full citation example: 
Purves, W. K., G. H. Orians, and H. C. Heller.  1995.  Life:  The Science of Biology.  W. H. Freeman and Co., UT, pp. 777-797.

Lab manual or course handout

Treat most non-published course handouts and lab manuals as books written by their respective authors, replacing the publisher 
and place of publication with the academic institution of their author(s).  

In-text example: If you wanted to cite a handout I gave in my fall 2005 Biology 185 class, you would cite it this way (Perkins 2005).

Full citation example: Perkins, M.  2005.  They key to getting an A: know your material.  Biology 185 course handout.  Orange 
Coast College, Costa Mesa, CA. 

Person

General format: Person’s name.  Personal Communication - venue.  Institution.  Date.

In-text example: If I told you something interesting you should reference it like this (Russell pers. com.).

Full citation example: Russell, Gregory.  Personal Communication – Biology 225 lecture.  Orange Coast College.  January 27, 
2002.  



Items from the web

There is currently no biological standard for citing information from websites, primarily because journals do not allow most web 
citations.  The web can also be difficult to cite because at times no author or date of publication is listed, and pages can change 
frequently.  Thus we have two possible citation formats for web-based material:

Web pages with author and publication date information:

General format: Author last name, first name.  Date.  “Title of source page.” Title of Site. Complete source URL.  Accessed date.

In-text example: Ned Flanders is a character on the Simpsons (Paakkinen 2001).

Full citation example: Paakkinen, Jouni. February 2001. “The Simpsons Archive Cast List.”  The Simpsons Archive.  http://www.
snpp.com/guides/castlist.html.  Accessed February 2002.

Web pages without author and publication date information: 

General format: Title of site, accessed date.  “Title of source.”  Complete source address.

In-text example: True bugs are also called hemipterans (Tree of Life web project, 2006).

Full citation example: Tree of Life web project, accessed January 2006.  “Heteroptera.”  http://tolweb.org/tree?group=Heteroptera&
contgroup=Hemiptera.



Notes for web references

•	 Always include the URL for the specific page you got information from; do not list the URL of the base page of the 
site.

o	 To clarify: Your reader should be able to type the URL you include in your literature cited section into a web brows-
er and be taken directly to the page you used.  

•	 If you use multiple pages from a single site, include each page as a separate citation (unless the pages are all clearly 
linked together, such as in a magazine article that’s been split onto multiple web pages).

•	 You can always find the title of a webpage; it’s either the most prominent text at the top of the page, or the text that 
appears above the menu bar of your web browser.  If a webpage doesn’t have a title, it’s been coded very badly.

•	 The title of the site can often be found on the base page of the website; if it’s not clear what the title is, choose the 
closest thing you can find on the site.

•	  Since webpages can change frequently, include more specific date information than you would for other sources 
(e.g., include at least the month and year of publication, and always include the date you accessed the material).

•	 If you are citing a peer-reviewed journal, magazine, newspaper, or other source that can also be found in print, but 
you found the information online, cite the source as though it were obtained in print.  If you’re not sure if the information 
can be obtained offline, cite it as a web source.



Instructions for brief review of Journal Paper:

Find a journal paper from the last two years (2009-2011) on a topic that has been covered (or at least mentioned), or will be cov-
ered, in class.  Any peer-reviewed scientific journal is fine, but the paper must involve at least some physiology.  Also, the paper 
must be an original study, not a review paper.

You may not use the same paper that you have used elsewhere in this course!

Examples of relevant journals: American Journal of Physiology, Comparative Biochemistry and Physiology, Ecology, Evolution, 
Functional Ecology, Journal of Comparative Physiology, Journal of Experimental Biology, Nature, Physiology, Physiological and 
Biochemical Zoology, Science, Zoology.

Turn in a copy of the entire paper and answers to the following questions:

1.  Full citation of the paper (author(s), year, title, journal, volume, pages).
2.  What specific hypothesis/hypostheses were the authors testing?
3.  Why did they think this was an interesting or important issue (relevant background information and their rationale)?
4.  Briefly describe their experimental design and methods (Don’t worry about minor details—e.g., time of day, drug doses,    		
sample sizes).
5.  Briefly describe their results.
6.  What did they conclude?
7.  Do you agree with their conclusions?  Why or why not?
8.  What would be two interesting follow-up questions to ask?  Don’t just say to try the same thing in the other sex or in anoth-
er species, unless you can offer a really compelling reason to do so.

Your answer to each question should be no more than 3-4 sentences, and your entire report must be no more than one page.  Please 
make sure to discuss the journal paper in your own words!  That is, do not just copy sentences directly from the paper.  

*****Your report must be typed, not hand-written!*****

Points will be deducted for spelling errors, poor grammar, and sentence structure, etc.



Journal Article Discussions:

In any discussion of science, it is important to be able to understand scientific literature.

We will be discussing (as a class) several papers this semester.  Each discussion will have two components:

1.  One lab group will make a short (15-20 min) presentation to the class, summarizing the major points of the paper.  That group 
will then facilitate a discussion on the paper, attempting to answer questions from the class, and relating the material to what 
we’ve been talking about in lecture.  While the discussion will be mediated by your instructor, the content and direction are large-
ly up to you.  The content and quality of your presentation are worth 25 points; you will be graded as a group.

2.  In order for this to be a learning experience, you simply must be an active participant.  Choosing not to be involved with the 
discussion will result in the loss of participation points.

The journal articles will be chosen by your instructor, and will be available for download before the date of the discussion.

How can you be an active participant in the discussion?

1.  Read the paper.  This should go without saying, but even if you don’t understand it, having read it will help you to gain a 
better appreciation of what was done.
2.  Make notes.  Underline parts of the paper you understand and highlight the parts you don’t (for example).  Make notes in 
the margins, or use a separate sheet of paper.  Don’t just summarize the paper (the authors have already written an abstract), 
but try to make connections between it and things you know already.  Try to make connections to the bigger picture.  
3.  Ask questions.  It’s okay to not understand something.  If your other classmates say they understand it completely, they’re 
lying to you.  The point of these discussions is to help us all arrive at a better (but not complete) understanding of a topic.
4.  Contribute to the discussion.  Even if it’s something you know only a little bit about, contribute it.  Really.

You will have an online quiz prior to each discussion, and participation points may be assigned based on how much you contrib-
ute.  I would expect that everyone would have at least two separate items to contribute to the discussion, whether its an opinion, 
question, or a connection to another aspect of physiology.  Asking a question that you can look the up the answer to (e.g. What 
was their sample size in this experiment?) won’t get you very far—that is childish, and reflects a lack of preparation.



Diffusion, Osmosis, Surface Tension

Surface Tension

Many phenomena are based on surface teionsion.  It ac-
counts for the tendency of a drop of water to form a sphere 
when falling.  One example of a physiological application of 
surface tension is found in the lung.  Surface tension affects 
our ability to inflate sacs (like balloons), and the small sacs in 
our lungs (alveoli) are very difficult to inflate because of the 
surface tension; a thin layer of fluid called surfactant reduces 
the surface tension, allowing us to ventilate our lungs.

Materials

1.  Mercury (refer to note below)        2.  Fine Wire
3.  Thread                                                4.  Soap solution
5.  Filter paper

Methods

1.  Place a drop of mercury on a piece of filter paper and observe its 
behavior.  Repeat this procedure witha  drop of water.  Record your 
observations.  (NOTE: Mercury is TOXIC!  Work in the designated area, 
use care, and return all mercury to the stock bottle.  Do not touch the 
mercury; if you need assistance, contact lab personnel.)

2.  Make a fine wire ring with a hangle so that it may be held.  Catch a 
film of soap in the ring.  Place a loop of fine thread in the soap film.

3.  Break the film inside the thread by touching it.

4.  Record your observations.

Diffusion

Diffusion plays an important role in the translocation of ma-
terials in the living organism.  It is the process by which gases 
are exchanged, some nutrients are absorbed, and some waste 
products are excreted.  In many instances, it involves movement 
through aqueous colloidal systems.  Gels are aqueous colloidal 
systems; the more concentrated the colloid, the smaller the aque-
ous channels are in the gel.  For example, in a 10% agar gel, these 
channels have a diameter of 1-2 mu.  In a 2% gel, the diameter 
is between 5-6 mu.  In the following experiment, some of the 
characteristics of diffusion in aqueous colloidal systems are dem-
onstrated.

Materials

1.  Petri dishes containing 4 different concentrations of agar gel
2.  Solutions of copper sulfate, methylene blue, eosin, and Congo red

Methods

1.  Obtain a petri dish of each of the four agar gel concentrations.  Using a 
wax pencil, draw four wedges on the bottom of the petri dish.  Label each 
of the quadrands you have marked off, on each of your 4 petri dishes.  You 
may use numbers, or you may wish to use an abbreviation for the dye you 
will use in each quadrant.



2.  Dig a small well in each quadrant.  Place 2 drops of copper sulfate in 
the well in the quadrant you have identified for copper sulfate, 2 drops 
of methylene blue in the well of the methylene blue quadrant, 2 drops 
of eosin in the well of the eosin quadrant, and 2 drops of Congo red in 
the well of the Congo red quadrant.  Repeat this procedure for each of 
your four petri dishes.

3.  Record your results.  Be sure to take note of the time you placed the 
drops in the wells.  If the dye molecules diffuse into the surrounding 
gel, record how far the dye traveled in specific intervals of time.

Osmosis

The distribution of water between the fluid-containing com-
partments of the body is in large part determined by the 
solute concentration of these fluids.  The movement of most 
solutes across most membranes is controlled by membrane 
proteins.  Water, on the other hand, can quickly diffuse across 
most cell membranes.  When placed in a solution whose 
water concentration is different from its own, a cell will 
either gain water (swell), or lose water (shrink).  Water is the 
solvent in which the solutes of the body are dissolved.  The 
migration of a solvent across a barrier in response to a dif-
ference in concentration is called osmosis.  This experiment 
will demonstrate the movement of water across a membrane 
because of differences in solute concentrations on the two 
sides of the membrane.

Materials

1.  Thistle tube                    2.  Glass tube, small lumen
3.  Beaker                             4.   Burette clamp
5.  Dialysis tubing               6.  Sucrose solutions, 30%, 60%
7.  Thread                             8.  Rubber connector for glass tube

Methods

1.  Obtain a piece of dialysis tubing.  Cut the tubing so as to prepare a sheet 
of single thickness and adequate size to cover the large end of the thistle 
tube.  Tie the dialysis membrane over the large end of the thistle tube (or use 
rubber bands).  Do so carefully, in order to avoid leakage.

2.  Fill the thistle tube with the 30% sucrose solution (note the color of the 
solution) until the solution enters the narrow lumen of the tube.  Check for 
leakage.

3.  Suspend the apparatus in a beaker of distilled water by means of a burette 
clamp.  The fluid levels in the beaker and thistle tube should be identical.  
Mark the fluid level in the thistle tube and on the beaker.  Note the time; 
check for leaks.

4.  Repeat the above procedures for the 60% sucrose solutions.  You should 
set up both preparations at the same time.

5.  Record your results.  Is the fluid level changing in any of the fluid com-
partments?

6.  You may leave your apparatus set up overnight.  To do so, you must ask 
the lab personnel where to place your set up.  It must be marked with your 
name, the date of the experiments, and when you will return to dismantle 
and clean your equipment.



Surface Tension, Diffusion, Osmosis

THE FOLLOWING THINGS SHOULD BE IN YOUR LAB NOTEBOOK FOR THIS LAB

SURFACE TENSION

(1) Describe the surface tension characteristics of mercury versus water.

(2) Explain the behavior of the loop of string once you broke the film inside of the loop.

DIFFUSION

(3) Fill out the table:

Common Name Chemical Formula Molecular Weight

Copper Sulfate

Methylene Blue

Eosin 

Congo Red

(4) For each agar concentration, make a table of time versus distance traveled for each dye.  

(5) Using graph paper (in your course packet), graph your data from this experiment.

(6) How do agar concentration and dye weight influence the rate of diffusion in this experiment?



OSMOSIS

(7) For each concentration of sucrose solution, make a table of change in the height of the column of water due to osmosis over time.

(8) Using graph paper, graph your data from this experiment.

(9) What was the solute in this experiment?  The solvent?

(10) Did you observe a difference in osmosis due to a difference in solute concentration?  If you did, what was it?  If you did not, is that observation con-
sistent with your definition of osmosis?



Enzyme Kinetics of Salivary Amylase

Enzymes accelerate chemical reactions. The speed of an 
enzyme catalyzed reaction is influenced by a great many fac-
tors, for example, concentrations of enzyme and substrate, 
temperature, pH, presence of assorted coenzymes and cofac-
tors, inhibitors of various types. The study of an enzyme’s 
kinetics is the measurement of the enzyme’s activity (that is, 
its rate of reaction) and its response to the influence of fac-
tors such as those mentioned above. 

Salivary amylase (also called ptyalin) hydrolyzes various 
starches, such as amylose and amylopectin. These two starch-
es are polymers of glucose. Amylose is a long unbranched 
chain of glucoses. Amylopectin contains many branch points 
in the chain. These molecules are so large that they cannot 
be directly absorbed by the digestive system. Amylase be-
gins the digestion of starch by splitting the sugars off these 
starches in pairs. The pairs of glucoses become a disaccha-
ride called maltose. The enzyme cannot get close enough to 
the branch points to completely dismantle amylopectin. The 
resulting fragments containing the branch points are called 
dextrins.

The goal of this lab exercise is to measure the 
rate of this process, and to try to discover the 
rules that govern the rate. Factors that may 

be of interest include enzyme concentration, 
starch concentration, temperature, pH, regula-

tory responses, to mention a few.



Week 1: Principles of colorimetry, and generation of a standard curve. 

Physiologists often need to know the concentrations of materials in 
solution: sugar, lipids, proteins, etc, in blood or urine, or concentra-
tions of reactants or products in an experimental chemical system. 
The colorimeter (Spectronic 20) measures concentrations of lots of 
substances. If a substance is colored, or if I am a smart enough chem-
ist to give it color, then the intensity of the color will depend on the 
concentration of material. For example, I can make starch green by 
adding iodine to it. The more starch, the greener it gets. The Spec 20 
can measure this precisely. 

Since there is no magical way to state how green a given concentra-
tion of starch would be, we must make a set of starch specimens 
whose concentrations we know. If we then read the intensity of their 
green in the Spec 20 they can be used to create a scale by which to 
judge the concentrations of other starch specimens. Such a scale is 
called a standard curve. Then we can use this set of standards for 
comparison to any starch specimen we want. You will use the Spec 
20 to watch starch disappear under the action of salivary amylase. 
The standard curve will permit you to precisely measure how fast it 
disappears. 

Each group needs the following materials:

Starch solution: 1 g/l
Iodine solution
Buffer pH = 7.0
Distilled water
Pipettes: 1 ml capacity
Test tubes: 7 clean ones

Take three of your test tubes and get about 
5 ml of starch, iodine and buffer from the 
containers on the side counter. (Not 5.000 
ml! Just pour about two inches worth of each 
so you can have a supply at your desk.)

Preparation of starch standards: serial dilution 

Take four clean test tubes and number them 1-4. Add the ingredients ex-
actly the sequence listed below. 

1.  Tubes 2, 3, and 4: Add 1.0 ml of buffer to each. 
2.  Tube 1: Add 1.0 ml of 1 g/l starch. 
3.  Tube 2: Add 1.0 ml of 1 g/l starch. Mix. 
4.  Remove 1.0 ml from tube 2 and transfer it to tube 3. Mix. 
5.  Remove 1.0 ml from tube 3 and transfer it to tube 4. Mix. 
6.  Remove 1.0 ml from tube 4 and discard it. 
7.  Tubes 1, 2, 3, 4: Add 1.0 ml of iodine to each. 
8.  Tubes 1, 2, 3, 4: Add 8.0 ml of distilled water to each. Mix. 

Now think about what you just made. What are the concentrations of 
starch in each tube at the end of step 6?  What do the colors of the tubes 
mean to you?  Why do you suppose I had you dilute it with all that 
water in step 8?

Setting up the Spec 20: 
1.	 Turn on the Spec 20 if it isn’t already on.  The dial on the left front con-
trols the power switch.  Warm up for at least 15 minutes.
2.	 Set wavelength dial to 660 nm.  This is the dial on the top right.
3.	 See that the sample chamber is empty, and close the lid.
4.	 Use the LEFT hand dial on the front of the machine to set % Transmit-
tance  to 0.0  
5.	 Insert a cuvette containing water into the chamber.  This is called your 
blank.  Close the lid.
6.	 Use the RIGHT hand dial on the front of the machine to set % Trans-
mittance to 100.0 (Absorbance to 0)
(Repeat steps 3-6 at least once to verify your settings.  Keep at it until it reads 
0% and 100% with no adjustments.)  A little drift is unavoidable.  If you can’t get 
100.0%, 99.8% is good enough.
7.	 Insert a cuvette containing your specimen into the chamber and close 
the lid.  DO NOT ADJUST ANY DIALS.  If you make a mistake and turn any 
dials, you must go back and repeat steps 3-6 to recover.
8.	 Read the Absorbance number from the analog display.



Read the absorbances of your standards:

1.  Pour some of tube 1 into the empty cuvette.  Fill it about half full.  
Insert this into the machine, close the lid and read the absorbance.  
Write down the result. 
2.  Pour the liquid back into tube 1 and gently tap to get the big drops 
out. 
3.  Recheck your blank. It is good practice to check the blank be-
fore and after each reading. It may require readjustment.  If it never 
changes, you may omit this step once you trust your machine a lot.  
Just verify it after the last reading.  If it changed, you have to repeat 
them all. 
4.  Read absorbances on tubes 2, 3, and 4 just as you did for tube 1. 
Record the number of the machine you used. Use the same one every 
time.

The standard curve:

You will make a graph of your results: [Starch] vs Absorbance. It 
will look like the one shown here.  This graph will be your tool for 
estimating starch concentrations next week.  If you have a sample of 
starch whose concentration is unknown, you can mix it with iodine 
and water as you did the standards, read its absorbance in the Spec 
20, and find its starch concentration using the graph.  Next week 
we’ll use this to find out how fast starch disappears under the action 
of amylase.



Week 2: Kinetics of Salivary Amylase 

Now that we have a standard curve, we can measure starch concentration 
at any time we choose.  This makes it possible to measure the rate that 
starch is digested by amylase.  The reaction rate is generally so fast that we 
must dilute the saliva in order to slow it down to a rate we can measure.  
Typical dilutions might be 1:5, 1:10, 1:20, 1:100. Since the amylase activity 
of saliva is unpredictable, the dilution that works best for this experiment 
will not be the same between individuals—you will need to experiment.

  Rate measurements: 
1.	 Get six test tubes and label them 1 through 5, and label the remain-
ing tube “control”.

2.	 Pipet 1.0 ml of iodine solution into all six test tubes. Do not use 
this pipet for anything else. 

3.	 Pipet 7.0 ml of starch solution into a clean test tube labeled “rxn”, 
and set this tube in water to hold its temperature constant.  Also pipet 1.0 
ml of starch solution into the control tube.  Set the control tube aside, so it 
does not get in your way for the next steps.

4.	 Get two 1 ml pipets, a sample of the diluted saliva, and a clock with 
a second hand. 

5.	 This is a timed run. Be ready. Add 1 ml diluted saliva to the rxn 
tube. Note the time. Stir quickly.

6.	 At 15 seconds, draw 1.0 ml of the saliva-starch mix into a pipet. 
Watch the clock. At 30 seconds, quickly drain the pipet into tube #1. Do 
not use this pipet for anything else. 

7.	 Working as a precision team, repeat step 7 to deliver 1 ml of the 
saliva-starch mix into each of the remaining tubes at 60 sec, 2 min, 4 min, 
and 8 min. Use the same pipet for all five samples. (NOTE: These times are 
approximate. Use your brain.  If tubes # 1, 2, and 3 are the same color as 
the control, you might want to delay tubes 4 and 5 to give the reaction more 
time.  If you miss your intended time, just record the actual time. Also, note 
that the times are total elapsed time from the beginning, when you added 
saliva to the starch, not times from the previous sample. So the entire run, 
start to finish, normally takes 8 minutes.) When the sampling is done, 
pipet 8.0 ml of water into each of the five tubes, and into the control tube.  

8.	 Take your tubes to the Spec 20. Calibrate the scale the same way 
you did last week, and read the absorbance at 660 nm for each of your five 
samples. Record the data. 

9.	 Using the standard curve you made last week, find the concentra-
tion of starch in each sample. 

10.	 Make a graph of starch concentration vs. time.  

Interpretation: 

A large dilution factor means a low enzyme concentration. Look 
at your results. What is the relationship between total elapsed 
time and the rate the starch disappears? What is the relationship 
between enzyme concentration and reaction rate? Is the answer 
clear-cut? Can you think of variables we did not control that may 
affect the reaction rate? Can you see how to invent an experiment 
to measure the importance of these other variables? Can you see 
ways to improve the quality of repeatability of the results? 



Blood Physiology

A.  Determination of the ABO and Rh blood types

The ABO and Rh blood type of each student will be determined in this ex-
ercise.  The antigens (agglutinogens) that determine blood type are located 
on the plasma membrane of red blood cells, and the antibodies (aggluti-
nins) in the plasma.  The antibodies cause the agglutination (clumping) of 
the red blood cells carrying the corresponding antigen.

In order to determine your ABO blood type, Anti-A and Anti-B sera 
(which contain the A and B antibodies, respectively) will be used.  If the 
blood is type A, there should be agglutination of the RBCs by Anti-A se-
rum; if type B, agglutination by Anti-B serum; if type AB, agglutination by 
both antisera; if type O, there should by no agglutination by either antise-
rum.

The Rh blood type will be determined in a similar manner.  Although there 
are several Rh agglutinogens, the blood will be tested only for the presence 
of Anti-D (Rh0), the most common antigen.  If the blood reacts with the 
serum, the blood type is called Rh positive (Rh+); if the antiserum does 
not cause agglutination of the cells, the blood is Rh negative (Rh-).  Ap-
proximately 85% of all Caucasian are Rh+ and approximately 15% are Rh-.

Procedure:

1.  Place one drop of Anti-A serum in the A circle, one drop of Anti-B 
serum in the B circle, and one drop of anti-Rh serum in the Rh0 circle.
2.  Clean your finger with an alcohol swab; let dry.
3.  Puncture the finger tip with a sterile lancet.
4.  Place one drop of blood next to each drop of antiserum.
5.  Mix the blood with the antiserum by means of a toothpick.  To avoid 
contamination, use a separate toothpick for each well.

B.  Determination of the Hemoglobin Content of Blood

Each hemoglobin molecule contains four heme groups, which are each 
made of a porphyrin ring and an iron molecule.  Since 70% of our body’s 
iron is found in hemoglobin, a low hemoglobin value is often indicative 
of anemia.  Here, you will use two methods to determine the amount of 
hemoglobin in a sample of your blood.

Determination of the Hemoglobin Content of Blood using the Tallquist 
scale.

The Tallquist scale is used to estimate the amount of hemoglobin in 
blood (g/100 ml) by comparing the color of a drop of blood with a stan-
dard color chart.

Procedure:

1. Remove one square of absorbent paper from the Tallquist test booklet.
2.  Clean your finger with 70% alcohol, letting it evaporate.
3.  Puncture your finger tip with a sterile lancet.
4.  Wipe away the first trip of blood with the edge of an absorbent paper.
5.  Place the second drop of blood in the center of the paper.  (Do not 
squeeze the finger; blood must be free flowing)
6.  In a few seconds, the blood stain will lose its glossiness, and com-
parison should then be made immediately with the Tallquist color chart 
outside, in the sunlight.  Do not let the blood dry to a brown color, or 
inaccurate values will be obtained.
7.  Locate the color on the Tallquist scale that most closely matches the 
color of the blood stain.  Since the color differences on the chart rep-
resent 10% variations in hemoglobin content, it will be necessary to 
estimate the intermediate percentages.



Determination of the Hemoglobin Content of Blood using a Hemoglobinom-
eter

The hemoglobinometer is an instrument that can read the hemoglobin 
content of whole blood by spectrophotometric measurements of the 
blood.

Procedure:

1.  Turn on the hemoglobinometer

2.  Insert a blank (new) card

3.  Place a drop of blood in the small well at the middle of the card

4.  Take the reading; the machine will count down for approximately 2 
minutes before giving you your value.

**The machine must be turned on, with the blank card inserted, before 
adding blood!!!**

C.  Blood Hematocrit (Hct)

The hematocrit is the percent volume of whole blood that is occupied 
by red blood cells.  It is determined by centrifuging  the blood in special 
capillary tubes, that are coated with heparin to prevent the blood from 
clotting.  The percent of whole blood made up of cells is determined by 
the height of the red cells in the tube, compared to the height of the total 
column of blood.

Average Range
males 46% 43-49%
females 41% 40-45%

The hematocrit may fall as low as 15% in severe anemias or rise to as high 
as 70% in a condition known as polycythemia.  Under what conditions 
might such a rise be seen?

Procedure:

1.  Puncture your finger with a sterile lancet to obtain a drop of blood.  
Wipe off that drop and allow a second drop to form.

2.  Touch the red-circled end of a heparinized capillary tube to the drop.  
Hold the tube in a horizontal position to allow the blood to enter the tube 
until it is ~2/3 - 3/4 full.

3.  Seal one end of the tube.

4.  Place the capillary tube in a micro-hematocrit centrifuge with the 
plugged end to the outside, and centrifuge.

5.  After centrifugation, measure (in mm) the height of the red cell column 
and the height of the cells plus the plasma.  Calculate the hematocrit.  



Image from: http://www.ruf.rice.edu/~bioslabs/studies/sds-page/bloodcytology.html

D.  Blood Smear Preparation

1.  Follow the instructions in the figure at the right to pre-
pare your blood smear.

2.  Allow the slide to air dry completely before staining.

3.  Using the sink, flood your slide with the Wright Stain 
Solution.  Let stand for 1-3 minutes (using the tray).

4.  Using the sink, flood your slide with buffer and let 
stand for 2 minutes.

5.  Rinse your stained slide with deionized (DI) water.

6.  Air dry completely before viewing your slide underneat 
the microscope.



Blood Physiology

THE FOLLOWING THINGS SHOULD BE IN YOUR LAB NOTEBOOK FOR THIS LAB

1.  Record the results of the entire class in the following tables.

Blood group Number of individuals Percent Theoretical percent
O 45
A 41
B 10

AB 4
Total 100

Blood group Number of individuals Percent Theoretical percent
Rh+ 85
Rh- 15

Total 100

2.  Explain any differences in the percentages obtained in your class and the theoretical percentages.
3.  What was your ABO blood type?  Your Rh blood type?
4.  Which agglutinins are contained in your blood plasma?
5.  Which agglutinogens are contained in your blood cells?
6.  What was the hemoglobin content of your blood using the Tallquist scale?  The hemoglobinometer?
7.  What would account for some differences between the methods of determining hemoglobin?  What are some sources of error using the Tallquist 
scale?
8.  What was your hemoglobin value?  How does this compare to the class average for your gender?
9.  What causes the characteristic difference in hematocrit value between the sexes?



Urinalysis

Examination of the urine is a common clinical procedure.  None of the tests are difficult, but all may yield results that are of con-
siderable diagnostic importance.  The purpose of this exercise is to demonstrate some of the more common tests.

Obtain materials and execute just one test at a time to avoid contaminating reagent tablets, etc.  Each student will complete all of 
the tests on a sample of their own urine.  Approximately 100 ml of urine is adequate.

1.  Specific Gravity

Examine the urinometer float carefully and note the scale on the stem.  Understand how the scale is read before proceeding with 
the test, then check the accuracy of the float using distilled water.  It should read 1.000 at 15oC (make temperature correction as 
described below).  Fill the urine cylinder 2/3 to 3/4 full with urine then gently drop the float into it.  After it has settled, carefully 
read the scale at the fluid meniscus.  The scale on the urinometer stem is calibrated to be correct at 15oC.  Measure the tempera-
ture of your specimen.  For every three degrees above 15o add 1 to the last decimal place (thousandths) of the urinometer read-
ing.  This gives an accurate determination.  For example:

						      Original specific gravity reading = 1.017
						      Fluid temperature reading = 24oC

					     24o is 9o or 3 x 3o above 15o; therefore add 0.003 to the reading:

						      1.020 = specific gravity, corrected value.

According to several sources, the normal range for specific gravity of human urine is 1.002 to about 1.030.  However, in the aver-
age individual, the value will usually fall between 1.015 and 1.025, depending on diet, fluid intake, and other factors.  



2.  Albuminuria

This test looks for the presence of a common plasma protein, albumin, in the urine.  Reagent strips commercially called “Albustix” 
are employed.  Obtain a reagent strip but do not touch the colored end of it; dip the colored end into the urine specimen, them 
compare the dipped end with the color scale on the bottle.  Record your result in the number of milligrams of albumen.  Nor-
mally, there is little or no albumen in the urine.  Small amounts are regarded as normal; stress and other factors can influence this 
value.

3.  pH

Using a strip of pH paper, dip the colored end into your urine sample.  Compare the dipped end with the color scale on the pack-
age.  Urine pH is generally slightly acidic, but may vary from 4.8 to 8.0 under different circumstances.

4.  Glucose

The test for glucose will be performed using reagent strips called “Clinistix.”  Repeat the procedure for #2 above.  Normally the 
urine should contain no glucose; the presence of glucose in the urine is most commonly due to diabetes mellitus.  

5.  Occult Blood (Occult hematuria)

Occult blood is simply that present in such minute quantities that it can be detected only by chemical means.  We will use “He-
mastix” to test for blood in our urine.  Follow the procedures for #2 above.  Normally no blood is found in the urine in males; it 
may be found during menstruation in females.

6.  Ketonuria

This is a test for ketones in the urine.  We will use “Ketostix” for this test.  Follow the procedures for #2 above.  Normally no ac-
etone is found in the urine; the presence of them are often seen during starvation, or in diabetes mellitus.



7.  Bilirubinuria

Obtain an ictotest tablet, and mat.  Put 5 drops of urine on the mat, place the tablet on top of it and add 1 drop of water.  After 5 
seconds, add a second drop of water.  If the drops remain on the tablet, add another drop of water.  The test is positive when the 
mat around the tablet turns bluish purple (ignore tablet color).  The amount of bilirubin is proportional to color and time of re-
action.  Negative test is when mat shows no color or is only pink or red.  Normally bile acids and bilirubin are not found in the 
urine.

8.  Amount of solids excreted

Multiply the last two decimal places (hundredths and thousandths) of the specific gravity of your urine by 2.6 (Long’s coefficient).  
This will give, in grams, the approximate amount of solids in one liter of urine.  What are the principle solids of the urine?  The 
usual value for total solids is 50-70g in a 24-hour specimen.  



Urinalysis Report Sheet

Some of the urine-related disorders are discussed in your text.  For the others, you will need to refer to a book on clinical diag-
nosis or a medical physiology text; the Merck Manual may also be helpful.  

Results:

Specific Gravity, corrected value: ______________

Color & Clarity: ______________

pH: ____________

Negative Trace + ++ +++ see Doctor

Albumin

Glucose

Occult Blood

Ketones

Bilirubin

Questions:

1.  What is meant by the term osmolarity as it applies to urine?

2.  Why is it necessary to make a correction for temperature using the urinometer?



3.  What is the normal range of urine output, daily, for a healthy adult?

4.  What conditions may be indicated by “cloudy” urine?  Is this a normal finding?  Why or why not?

5.  The pH of urine normally ranges from what to what?  What does a decrease in urine pH mean?  An increase?

6.  What are the principle solids found in urine?  What is Long’s coefficient?  How many grams of solids are present in your urine?

7.  Discuss what an abnormal reading in the tests you performed today would indicate physiologically.  Consider things such as 
filtration, reabsorption, damage to kidneys, or malfunction of other organs.



Appendix 1: How to avoid plagiarism

Introduction

According to Webster’s Dictionary, to plagiarize is “to take (ideas, writings, etc.) from (another) and pass them off as one’s own,” . 
Thus, if we as writers want to avoid plagiarizing, we must never use ideas from another source without giving that source proper 
credit. Additionally, if we use exact, or extremely similar, wording as the original source, we must both cite the source and put the 
words in quotation marks (or, for long passages, indent them) to indicate that the wording (in addition to the ideas) is not our 
own.

Below, I’ve taken a short passage from a biology textbook (see the “Original passage” section below) and have re-written it using 
both proper and improper literature citation. All of the examples included in the “Incorrectly cited passages” section are in fact 
plagiarized, and if I found work like this in a submitted paper I would consider the paper to be plagiarized.
Also, note that these examples are not intended to be all-inclusive, as there are many ways of writing both plagiarized and non-
plagiarized versions of any passage. 

The three golden rules to avoid plagiarism

Avoiding plagiarism is as easy as following three rules:

1. If a sentence contains information you learned from another source (or sources), cite the source(s) at the end of that sentence.

2. If a sentence (or group of sentences) contains wording that you copied directly from a source (or wording that is nearly directly copied, i.e., you only 
changed a few words), you must put the entire portion of text that you copied from that source in quotes (in its original wording) and cite the original 
source at the end of the quotation.

3. Include a literature citation (“references”) section at the end of your paper that includes full citations for all references listed in your paper. All items 
listed in the literature citation section should have matching in-text citations.

Note that these rules also apply to non-textual information in your work: artwork, audio clips, video clips, or any other information that you take from 
another source must be cited appropriately.



Original passage

“Plant life cycles are characterized by an alternation of generations, in which a diploid sporophyte generation gives rise to a hap-
loid gametophyte generation.  In angiosperms, the developing gametophyte generation is completely enclosed within the tissues 
of the parent sporophyte” (Johnson, 2003).

Correctly cited passages

This summary nicely captures the essence of the original:

Seeds are a combination of two plant gametes (haploid cells, like our sperm and eggs) completely covered with their parent’s tissue (Johnson, 2003).

A bit close to the original, but it works:

Plants are much like animals: they create their equivalent of sperm and eggs (gametes, a haploid generation) from a diploid generation (Johnson, 
2003).  One difference, however, is that parent plants surround their developing gametes, which eventually become seeds, with their own cells (John-
son, 2003).  

A mixture of summary and quote that works well:

Plants produce gametes much like animals do, by creating haploid cells from a diploid organism (Johnson, 2003).  However, “in angiosperms, the 
developing gametophyte generation is completely enclosed within the tissues of the parent sporophyte” (Johnson, 2003).   

If you wanted to quote the entire passage with a bit of introduction:

Animals aren’t the only organisms that create haploid cells.  “Plant life cycles are characterized by an alternation of generations, in which a diploid 
sporophyte generation gives rise to a haploid gametophyte generation.  In angiosperms, the developing gametophyte generation is completely enclosed 
within the tissues of the parent sporophyte” (Johnson, 2003).

If you simply wanted to quote the entire passage with no introduction of your own:

“Plant life cycles are characterized by an alternation of generations, in which a diploid sporophyte generation gives rise to a haploid gametophyte gen-
eration.  In angiosperms, the developing gametophyte generation is completely enclosed within the tissues of the parent sporophyte” (Johnson, 2003).



Incorrectly cited (plagiarized) passages

This example takes Johnson’s exact wording, but doesn’t put it in quotes:

Plant life cycles are characterized by an alternation of generations, in which a diploid sporophyte generation gives rise to a haploid gametophyte genera-
tion.  In angiosperms, the developing gametophyte generation is completely enclosed within the tissues of the parent sporophyte (Johnson, 2003). 

Here we only slightly modify the text, but not nearly enough to call it our own.  We need to un-edit the text (restore Johnson’s exact wording) and put it 
in quotes:

Plant life cycles contain an alternation of generations, where a diploid sporophyte generation gives rise to a haploid gametophyte.  In flowering plants, 
the developing gametophyte generation is completely enclosed within the tissues of the parent (Johnson, 2003).  

This is completely wrong.  We’ve used the exact wording and haven’t cited it at all in-text.  This would be incorrect regardless of whether we’ve included 
the reference at the end of the paper:

Plant life cycles are characterized by an alternation of generations, in which a diploid sporophyte generation gives rise to a haploid gametophyte genera-
tion.  In angiosperms, the developing gametophyte generation is completely enclosed within the tissues of the parent sporophyte.

Here we take one of the correct examples above and remove one of the citations.  With only one citation it now appears that the first sentence is our own 
idea, even though it is clearly based on Johnson:

Plants are much like animals: they create their equivalent of sperm and eggs (gametes, a haploid generation) from a diploid generation.  One difference, 
however, is that plants surround their fertilized gametes, which we call seeds, with their own cells (Johnson, 2003).

Here we take another correct example and, by removing the citation, make it incorrect.  Even if we have cited Johnson at the end of the paper, it is not 
clear that this quote came from Johnson:

Animals aren’t the online organisms that create haploid cells.  “Plant life cycles are characterized by an alternation of generations, in which a diploid 
sporophyte generation gives rise to a haploid gametophyte generation.  In angiosperms, the developing gametophyte generation is completely enclosed 
within the tissues of the parent sporophyte.” 



A simple reorganization of the sentence order doesn’t make the work our own.  Besides being slightly confusing, since this uses Johnson’s exact words, 
this needs to be turned into a direct quote, appropriately cited.  

In angiosperms, the developing gametophyte generation is completely enclosed within the tissues of the parent sporophyte (Johnson, 2003).  Plant 
life cycles are characterized by an alternation of generations, in which a diploid sporophyte generation gives rise to a haploid gametophyte generation 
(Johnson, 2003). 

Here we properly cite the quote, but fail to cite the second sentence as being from Johnson.  

“Plant life cycles are characterized by an alternation of generations, in which a diploid sporophyte generation gives rise to a haploid gametophyte gen-
eration” (Johnson, 2003).   In angiosperms, the developing gametophyte generation is completely enclosed within the tissues of the parent sporophyte, 
which we call seeds.   

References

Johnson, G. B.  2003.  The Living World 3rd edition.  McGraw Hill, MA, pp. 396.



Freebies

This lab is data-intensive, and you will be graded on 
most, if not all, of your work.  If you miss a lab, it is 
impossible to make up the work, and you will lose 
points for that day’s lab.  

However, I understand that sometimes an absence is 
unavoidable.  To help mitigate unforeseen absences, 
you get one “freebie” during the semester--you can 
cash it in at any time to get full credit for that day’s 
work.  

Keep in mind that some lab assignments (e.g. investi-
gations) are worth more than others (e.g. Biopac data 
reports); you can use your freebie for any lab, but it 
may be smart to hang on to it, in case you get sick 
during a high points value lab.
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