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Notify your instructor immediately if you are 
pregnant, color blind, allergic to any insects or 
chemicals, taking immunosuppressive drugs, or 
have any other medical condition (such as 
diabetes, immunologic defect) that may require 
special precautionary measures in the laboratory.

Upon entering the laboratory, place all books, 
coats, purses, backpacks, etc. in designated 
areas, not on the bench tops.

Locate and, when appropriate, learn to use exits, 
fire extinguisher, fire blanket, chemical shower, 
eyewash, first aid kit, broken glass container, and 
cleanup materials for spills.

In case of fire, evacuate the room and assemble 
outside the building.

Do not eat, drink, smoke, or apply cosmetics in 
the laboratory.

Confine long hair, loose clothing, and dangling 
jewelry.

Wear shoes at all times in the laboratory. 

Cover any cuts or scrapes with a sterile, 
waterproof bandage before attending lab.

Wear eye protection when working with 
chemicals.

Never pipet by mouth. Use mechanical pipeting 
devices.

Wash skin immediately and thoroughly if 
contaminated by chemicals or microorganisms.

Do not perform unauthorized experiments.

Do not use equipment without instruction.

Report all spills and accidents to your instructor 
immediately.

Never leave heat sources unattended.

When using hot plates, note that there is no 
visible sign that they are hot (such as a red glow). 
Always assume that hot plates are hot.

Use an appropriate apparatus when handling hot 
glassware.

Keep chemicals away from direct heat or 
sunlight.

Keep containers of alcohol, acetone, and other 
flammable liquids away from flames.

Do not allow any liquid to come into contact with 
electrical cords. Handle electrical connectors 
with dry hands. Do not attempt to disconnect 
electrical equipment that crackles, snaps, or 
smokes.

Upon completion of laboratory exercises, place 
wall materials in the disposal areas designated by 
your instructor.

Do not pick up broken glassware with your 
hands. Use a broom and dustpan and discard 
the glass in designated glass waste containers; 
never discard with paper waste.

Wear disposable gloves when working with 
blood, other bodily fluids, or mucous 
membranes. Change gloves after possible 
contamination and wash hands immediately after 
gloves are removed.

Place gloves, swabs, toothpicks, etc. that may 
have come in contact with body fluids in a 
disposable autoclave bag.

Leave the laboratory clean and organized for the 
next student.

Wash your hands with liquid or powdered soap 
prior to leaving the laboratory.

The biohazard symbol indicates procedures 
that may pose health concerns.

The caution symbol points out instruments, 
substances, and procedures that require 
special attention to safety. These symbols 
appear throughout this manual.

LABORATORY SAFETY:
GENERAL GUIDELINES
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Our knowledge and understanding of the biological world is based on  
the scientific enterprise of asking questions and formulating and testing 
hypotheses. Scientists gather data, then evaluate and interpret their results, 
communicating their findings through papers and presentations. An impor-
tant aspect of learning biology is participating in the process of science  
and developing creative and critical reasoning skills. Our goal in writing  
this laboratory manual is to present a laboratory program that engages  
students in the scientific process and encourages scientific thinking.  
We want students to experience the excitement of discovery and the satis-
faction of solving problems and connecting concepts. For us, investigating 
biology is more than just doing experiments; it is an approach to teaching 
and learning that promotes inquiry.

The laboratory exercises are designed to encourage students to ask ques-
tions, to pose hypotheses, and to make predictions before they initiate 
laboratory work. Students are asked to synthesize results from their ob-
servations and experiments, then draw conclusions based on evidence. 
Whenever possible, students apply their results to new problems and case 
studies. Investigating Biology provides students with many opportunities 
to design their own open-inquiry investigations as part of the laboratory. 
In addition, students can pursue independent investigations using the sug-
gestions and extensions provided at the end of lab topics. Scientific writing 
and communication are emphasized throughout the laboratory manual and 
supported by an appendix that includes instructions for writing each sec-
tion of a scientific paper, obtaining information from primary sources, and 
preparing oral and poster presentations. Instructors are given suggestions 
for organizing a laboratory writing program.

Investigating Biology uses a stepwise approach to developing scientific 
knowledge and skills, as students in early lab topics practice asking ques-
tions, developing hypotheses, and designing experiments. Early laboratory 
experiences build on knowledge (e.g., how cells and enzymes function, ge-
netics, and then biodiversity as an expression of variation and evolution). 
At the same time, students are developing laboratory and thinking skills, 
such as pipetting, using instruments, analyzing results, organizing and 
managing teams, and developing systematic approaches to experimental 
design and problem solving. Lab topics are a mixture of directed inquiry 
and open inquiry, with more directed investigations in the initial lab top-
ics and increasing opportunities for open inquiry in subsequent lab topics. 
In the open-inquiry investigations, students are presented with a topic and 
preliminary experiment, then encouraged to develop their own questions, 
design their investigations, and write their proposals before implementing 
their own investigations. They must then collect and interpret their data. 
We use a similar approach for scientific writing. Students write individual 
sections of a scientific paper for initial lab topics, receiving feedback and 
the opportunity to revise. Then, for open-inquiry investigations, they are 
prepared to use their writing expertise to write a complete scientific paper. 

Preface Science is a way of thinking 
much more than it is a body  
of knowledge.

Carl Sagan

3
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This incremental approach to knowledge, skills, and disciplined ways of 
thinking is a hallmark of our approach throughout the lab manual and is 
adaptable to programs with large laboratory sections or small groups of stu-
dents. Investigating Biology provides a comprehensive introduction to the 
diverse topics and subdisciplines in the biological sciences, always with an 
emphasis on scientific investigation.

We are convinced that involving students in the process of science through 
investigating biological phenomena is the best way to teach. The organiza-
tion of this laboratory manual with a mix of directed-inquiry and open-
inquiry investigations complements this approach to teaching and learning.

New in the Eighth Edition

The eighth edition of Investigating Biology offers enhanced opportunities 
for students to participate in science. You will find two newly designed lab 
topics for protists and fungi, new and revised open-inquiry exercises, sug-
gestions for extending lab topics with independent investigations, new case 
studies for practicing problem solving, a revised section on student media, 
two new appendices on instrumentation and techniques and for metric 
measurement, and a revised appendix to support scientific writing in the 
laboratory. Adopters of the eighth edition will notice an enhanced emphasis 
on recurring themes in biology, including structure and function, unity and 
diversity, transmission of genetic information, energy transformations,  
and the overarching theme of evolution. These themes are developed  
across hierarchical levels from cells to organisms to ecosystems.

The eighth edition includes major revisions that reflect new molecular 
evidence and our current understanding of phylogenetic relationships 
for plants, invertebrates, protists, and fungi. The new Lab Topic 17 Fungi 
provides extensive coverage of the major fungi groups, including lichens. 
Lab Topic 13 Protists has been revised and expanded with additional ex-
amples of all the major clades. Now both newly revised lab topics include 
suggestions and exercises for open-inquiry investigations. In addition, 
the sequence of the lab topics has been reorganized to reflect the closer 
relationship of the fungi and animal kingdoms.

Lab Topic 1 Scientific Investigation has been completely revised with a re-
turn to an investigation of cardiovascular fitness. Students have additional 
options to design the experiment, as they choose among dependent vari-
ables and select the parameters for the experimental procedure. We have 
included new ways of measuring pulse/heart rate utilizing technology avail-
able on iPads and iPhones. The lab topic continues to emphasize the scien-
tific process and establishing a fundamental way of working and thinking 
that will be featured in the continuing laboratory program.

In a previous edition we introduced a new laboratory, Lab Topic 16  
Bioinformatics: Molecular Phylogeny of Plants. This lab topic connects  
organismal biology, molecular genetics, and evolution, using the techniques 
of computer science to analyze nucleotide sequences and develop phyloge-
netic trees. We have provided suggestions for teaching, additional analysis 
tools, and new questions that involve “tree thinking.”

In the eighth edition, population genetics is covered in one lab topic with 
new problems and examples that connect ecology, evolution, and genetics. 
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Two new appendices have been added: Appendix B The Metric System and 
Appendix C Instrumentation and Techniques. Appendix C includes infor-
mation and procedures for the use of pipettors, micropipettes, calipers, and 
both digital and electronic spectrophotometers.

We have continued to revise and propose ideas for the student-designed 
investigations in Lab Topic 5 Cellular Respiration, Lab Topic 11 Population 
Genetics, Lab Topic 13 Protists, Lab Topic 21 Plant Growth, Lab Topic 26 
Animal Behavior, and Lab Topic 28 Ecology II. These open-inquiry labora-
tory experiences allow students to independently investigate questions, 
thus providing team research opportunities in the introductory laboratory 
program. For almost all other lab topics, we have further developed the 
open-inquiry section: “Investigative Extensions.” For programs interested 
in providing independent or team research opportunities, students may 
pursue these investigations. Additional support for the investigations is 
provided in the Preparation Guide for Investigating Biology Laboratory 
Manual available to instructors. In Appendix A Scientific Writing and 
Communication, we updated a section on oral and poster presentations to 
introduce students to other formats for scientific communication.

The most dramatic innovation in the eighth edition is the use of full-color 
photographs and figures incorporated throughout the laboratory manual. 
Students will better visualize the procedures, structures, organisms, and life 
cycles within the context of their reading, thinking, and investigating. For 
example, students will find color photographs located in the text as they are 
observing the stages of mitosis or the diversity of plants and animals. Life 
cycles and stages of development are color coded to provide information 
that is essential to understanding processes and structures.

Other changes are more subtle but represent fine-tuning based on our ex-
periences and those of instructors and students who used the first seven 
editions. We have revised and added to the questions at the end of each lab 
topic. Questions in “Reviewing Your Knowledge” allow students to test their 
knowledge and comprehension. Questions in “Applying Your Knowledge” 
allow students to apply their understanding to new problems that feature 
current research and societal issues. These questions reinforce the investi-
gative approach of the laboratory manual in which students develop their 
skills in analyzing results, synthesizing, and communicating as they partici-
pate in the scientific process. We have integrated new scientific knowledge 
from molecular biology that has changed and invigorated areas of study in 
systematics and evolution. We have updated taxonomic classifications to be 
consistent with Biology: A Global Approach, 10th edition, Global Edition. 
However, we recognize that these will continue to change as new research 
reveals evolutionary relationships.

With increasing use of technology in the laboratory by instructors and stu-
dents, we have provided all data tables in Excel format at masteringbiology 
.com under the Study Area. These tables can be modified and used in open-
inquiry investigations, to teach data analysis, and as models for developing 
independent projects. All websites have been updated, and new Web sources 
and resources are included. We continue to support the use of media and 
technology with the section in each lab topic called “Student Media: BioFlix, 
Activities, Investigations, Videos, and Data Tables,” which coordinates with 
Biology: A Global Approach student media materials.

The Preparation Guide has been revised to coordinate with and  support 
the laboratory manual. 
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Writing and scientific communication continue to be a strong component 
of the laboratory manual. In the eighth edition, we enhanced support for  
the writing program by reorganizing and revising Appendix A Scientific 
Writing and Communication with easily located information on each sec-
tion of the scientific paper, notes for successful writing, suggestions for  
locating appropriate references, and a “Plan for Writing a Scientific Paper.” 
We provide tips for preparing and presenting oral papers and posters and 
encourage instructors to include poster presentations to report findings 
from open-inquiry investigations. The writing program is supported by ma-
terials in the Preparation Guide as well as coordinating with Web resources 
and the latest editions of guides to scientific writing and presentations.

In all of these changes and modifications, our objective has been to provide 
laboratory experiences that are challenging to students and allow them to 
participate in authentic scientific investigations. We are keenly aware of 
the constraints on laboratory programs, including number of students and 
sections, preparation of laboratories and instructors, and the expense and 
mentoring that are required to teach inquiring young scientists. We hope 
we have provided choices and options that can meet the needs of a wide 
range of programs and instructors.

Laboratory Topics

The laboratory topics build on information and techniques in previous  
exercises. Various laboratory exercises incorporate a combination of  
directed and open-ended procedures. There are basically three types  
of lab topics included in the manual:

 1. Directed-Inquiry Investigations, in which exercises have been con-
structed to involve students in the process of science. We have orga-
nized these lab topics to include introductory information from which 
students develop hypotheses and then predict the results of their ex-
periments. They collect their data and summarize the data in tables 
and figures of their own construction. The students must then accept 
or reject their hypotheses, based on their results. Examples of these 
directed-inquiry investigations include Lab Topic 3 Diffusion and  
Osmosis, Lab Topic 4 Enzymes, and Lab Topic 6 Photosynthesis.

 2. Key Theme Investigations, in which laboratory exercises have been 
designed and reorganized with a focus on key themes of biology, for 
example, the unity and diversity of life. In these thematic exercises, 
students summarize and synthesize their results and observations con-
necting to the key themes. They use their observations as evidence in 
support of these major concepts and apply their understanding to new 
problems. Examples of these laboratories (and their underlying themes) 
include Lab Topic 2 Microscopes and Cells (unity and diversity of life); 
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Lab Topics 14 and 15 Plant Diversity I and II (adaptation to the land 
environment); and Lab Topics 22 to 24 Vertebrate Anatomy I, II, and III 
(structure and function).

 3. Open-Inquiry Investigations, in which students generate their own hy-
potheses and design their own experiments. These exercises begin with 
an introduction and a simple experiment that demonstrates procedures. 
Then students are given suggestions and encouraged to develop their 
own questions and methodologies for further investigation. Examples of 
these open-inquiry investigations include Lab Topic 5 Cellular Respira-
tion and Fermentation, Lab Topic 11 Population Genetics, Lab Topic 13 
Protists, Lab Topic 17 Fungi, Lab Topic 21 Plant Growth, Lab Topic 26 
Animal Behavior, and Lab Topic 28 Ecology II.

 lab topics are designated as Directed-Inquiry, Key Theme, or 
Open-Inquiry Investigations in the table of contents.

Scientific Communication:  
Writing and Presenting

Scientists communicate their results in writing and in presentations to re-
search groups and at meetings. Undergraduates need instruction in writing 
and an opportunity to practice these skills; however, instructors do not have 
the time to critique hundreds of student research reports for each exercise. 
Throughout this lab manual, teams of students work together on improv-
ing their skills. They are asked to organize and present their results to their 
peers during the discussion and summary sessions in the laboratory. Stu-
dents are also required to write as part of each laboratory. They summarize 
and discuss their results and then apply information to new problems in the 
questions at the end of the laboratory.

We have also incorporated a scientific writing program into our lab manual 
in a stepwise fashion. Students must answer questions and summarize results 
within the context of the laboratory exercises. For directed-inquiry investiga-
tions, students are required to submit one section of a scientific paper. For  
example, they might submit the Results section for one experiment in  
Lab Topic 3, and the Discussion section for one experiment in Lab Topic 4. 
Once students have experience writing each section, they write at least one 
complete scientific paper for an open-inquiry investigation, for example,  
Lab Topics 13, 17, 21, and 26. Instructions for writing a scientific paper, devel-
oping an oral presentation, and creating a poster are included in Appendix A, 
which also contains suggestions for developing an organized writing program.

Instructors may also choose to organize a session for oral or poster  
presentations similar to scientific meetings. Appendix A includes advice 
and references for these other forms of scientific communication.

 see appendix a for additional information on scientific writing 
and presentations.
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Integration of Other Sciences 
and Mathematics

Students often view biology as a separate and isolated body of knowledge. 
We have attempted to integrate biology, chemistry, some physics, and  
geology whenever possible. For example, in Lab Top 16 Bioinformatics: 
Molecular Phylogeny of Plants, students must use bioinformatics to analyze 
their data from molecular biology. Students use computer models to  
understand relationships and test hypotheses in Lab Topic 11 Population 
Genetics: The Hardy-Weinberg Principle and Lab Topic 28 Ecology II: 
Computer Simulations of a Pond Ecosystem. We also provide opportuni-
ties for students to quantify observations, analyze and summarize results in 
tables and figures, and, ultimately, to use these data to construct arguments 
in support of their hypotheses.

Special Features

Reviewing Your Knowledge: Students recall terminology and content 
by describing and explaining fundamental concepts. Students exam-
ine their results and then use evidence as they evaluate their under-
standing and knowledge. (Bloom’s Taxonomy Level I: Knowledge and 
Comprehension)

Applying Your Knowledge: As instructors, we want our students to be 
challenged to think and to develop critical thinking skills. Throughout 
this manual, students are asked to work logically through problems, cri-
tique results, and modify hypotheses. To emphasize these skills further, 
we have developed a section in each laboratory topic called Applying 
Your Knowledge, in which students are asked to apply their knowledge 
to new problems and to make connections between topics. The ques-
tions encourage students to use their knowledge as they solve problems 
developed from current research as well as issues in science, medicine, 
and society. (Bloom’s Taxonomy Level II: Application and Analysis;  
Synthesis and Evaluation)

Excel Tables: All data tables used for recording and analyzing results are 
available in Excel format for modification and use in the laboratory. 
These tables are designated in the table title and can be downloaded to 
laboratory computers for student use at www.masteringbiology.com in 
the Study Area.

Images and Data: Full-color images and figures are integrated throughout the 
lab manual. Lab Topic 16 Bioinformatics: Molecular Phylogeny of Plants 
is supported by images in the text as well as the masteringbiology.com 
website. Folders found under the Study Area contain images of the plants 
used in the investigation along with the edited and ready-to-use nucleo-
tide sequences for each species. These can be downloaded to laptops or 
accessed on the website.

Investigative Extensions and Case Studies: Students and instructors have 
expressed interest in extending laboratory topics to open-inquiry inves-
tigations or simply to pursue additional questions that connect the topic 
to current research and issues. At the end of most lab topics, we have 
provided questions to prompt student-designed investigations. For a 
few, we provide case studies that build on the lab topic and require  
additional reading and research.
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Student Media and Web Resources: Providing media and Web resources 
can enhance teaching and learning in the laboratory. For students, we 
have included references to videos that connect to their laboratory activ-
ities. These are designated in the text with a media icon. Also, at the end 
of each lab topic, we have included the section Student Media: BioFlix, 
Activities, Investigations, Videos, and Data Tables, which directs stu-
dents to the website for activities and investigations that can be used 
to prepare for the laboratory or review and practice after the laboratory. 
These media resources are available at www.masteringbiology.com  
under the Study Area.

Safety Considerations: Safety concerns are noted in the text by the use  
of icons for general safety and for biohazards. Note the Laboratory 
Safety Guidelines printed on the inside front cover.

Notes to Students: To assure student success, cautionary reminders and 
notes of special interest are also highlighted in the text.

Appendixes: Information needed in several laboratory topics is included  
in the appendixes: scientific writing and communication, instrumenta-
tion and techniques, the metric system, using chi-square analysis, and 
dissection terminology.

Instructional Support

 the Preparation Guide provides valuable suggestions and 
 essential information for the successful implementation of the 
 laboratory topics.

Preparation Guide: A detailed Preparation Guide for Investigating Biology 
accompanies the laboratory manual. It contains materials lists, sug-
gested vendors, instructions for preparing solutions and constructing 
materials, schedules for planning advance preparation, and sugges-
tions for organizing materials in the lab. Also, the new edition includes 
sources for a new, hardier strain of mutant Drosophila flies for sepia/
aldehyde oxidase developed for Lab Topic 9 Mendelian Genetics II: 
Drosophila. The Preparation Guide is essential for successfully pre-
paring and teaching these investigative laboratories. It is available 
electronically at masteringbiology.com. Instructors can download 
preparation and ordering lists as needed and customize these for their 
program.
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L a b  T o p i c  1

Scientific investigation

Laboratory Objectives

After completing this lab topic, you should be able to:
 1. Identify and characterize questions that can be answered through sci-

entific investigation.
 2. Define hypothesis and explain what characterizes a good scientific 

hypothesis.
 3. Identify and describe the components of a scientific experiment.
 4. Summarize and present results in tables and graphs.
 5. Discuss results and critique experiments.
 6. Design a scientific experiment.
 7. Interpret and communicate results.

Introduction

Biology is the study of the phenomena of life, and biological scientists— 
researchers, teachers, and students—observe living systems and organisms, 
ask questions, and propose explanations for those observations. Scientific 
investigation is a way of testing those explanations. Science assumes that 
biological systems are understandable and can be explained by fundamental 
rules or laws. Scientific investigations share some common elements and 
procedures, which are referred to as the scientific method. Not all scien-
tists follow these procedures in a strict fashion, but each of the elements is 
 usually present. Science is a creative human endeavor that involves asking 
questions, making observations, developing explanatory hypotheses, and 
testing those hypotheses. Scientists closely scrutinize investigations in their 
field, and each scientist must present his or her work at scientific meet-
ings or in professional publications, providing evidence from observations 
and experiments that supports the scientist’s explanations of biological 
phenomena.

In this lab topic, you will not only review the process that scientists use to ask 
and answer questions about the living world, but you will develop the skills to 

 before going to lab, read the introduction and Exercises 1.1 
and 1.2. be prepared to answer all questions and contribute your 
ideas in a class discussion.
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conduct and critique scientific investigations. Like scientists, you will work in 
research teams in this laboratory and others, collaborating as you ask ques-
tions and solve problems. Throughout this laboratory manual, you will be 
investigating biology using the methodology of scientists, asking questions, 
proposing explanations, designing experiments, predicting results, collecting 
and analyzing data, and interpreting your results in light of your hypotheses.

E X E R c i S E  1 . 1

Questions and Hypotheses

This exercise explores the nature of scientific questions and hypotheses. 
Before going to lab, read the explanatory paragraphs and then be prepared 
to present your ideas in the class discussion.

Lab Study A. Asking Questions

Scientists are characteristically curious and creative individuals whose curios-
ity is directed toward understanding the natural world. They use their study of 
previous research or personal observations of natural phenomena as a basis for 
asking questions about the underlying causes or reasons for these phenomena. 
For a question to be pursued by scientists, the phenomenon must be well  
defined and testable. The elements must be measurable and controllable.

There are limits to the ability of science to answer questions. Science is only 
one of many ways of knowing about the world in which we live. Consider, 
for example, this question: Do excessively high temperatures cause people 
to behave immorally? Can a scientist investigate this question? Temperature 
is certainly a well-defined, measurable, and controllable factor, but moral-
ity of behavior is not scientifically measurable. We probably could not even 
reach a consensus on the definition. Thus, there is no experiment that can 
be performed to test the question. Which of the following questions do you 
think can be answered scientifically?
 1. Does playing football cause Lou Gehrig’s disease?
 2. Did the consumption of seven cans of “energy drink” cause the heart 

 attack of a motorcyclist in Australia?
 3. Will global warming increase the length of allergy seasons?
 4. How effective are extracts of marigold and rosemary as insect 

repellents?
 5. Should it be illegal to prolong the life of a terminally ill patient?

How did you decide which questions can be answered scientifically?
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Lab Study B. Developing Hypotheses

As questions are asked, scientists attempt to answer them by proposing 
possible explanations. Those proposed explanations are called hypoth-
eses. A hypothesis tentatively explains something observed. It proposes 
an answer to a question. Consider question 4, preceding. One hypothesis 
based on this question might be “Marigold and rosemary extracts are more 
effective than DEET in repelling insects.” The hypothesis has suggested a 
possible explanation that compares the difference in efficacy between these 
plant extracts and DEET.

A scientifically useful hypothesis must be testable and falsifiable (able to be 
proved false). To satisfy the requirement that a hypothesis be falsifiable, it 
must be possible that the test results do not support the explanation. In our 
example, the experiment might be to spray one arm with plant extracts and 
the other with DEET. Then place both arms in a chamber with mosquitoes. 
If mosquitoes bite both arms with equal frequency or the DEET arm has 
fewer bites, then the hypothesis has been falsified. Even though the hypoth-
esis can be falsified, it can never be proved true. The evidence from an inves-
tigation can only provide support for the hypothesis. In our example, if there 
are fewer bites on the arm with plant extracts than on the DEET-treated 
arm, then the hypothesis has not been proved, but has been supported by 
the evidence. Other explanations still must be excluded, and new evidence 
from additional experiments and observations might falsify this hypoth-
esis at a later date. In science, seldom does a single test provide results that 
clearly support or falsify a hypothesis. In most cases, the evidence serves to 
modify the hypothesis or the conditions of the experiment.

Science is a way of knowing about the natural world (Moore, 1993) that involves 
testing hypotheses or explanations. The scientific method can be applied to the 
unusual and the commonplace. You use the scientific method when you inves-
tigate why your once-white socks are now blue. Your hypothesis might be that 
your blue jeans and socks were washed together, an assertion that can be tested 
through observations and experimentation.

Students often think that controlled experiments are the only way to 
test a hypothesis. The test of a hypothesis may include experimentation, 
 additional observations, or the synthesis of information from a variety of 
sources. Many scientific advances have relied on other procedures and 
information to test hypotheses. For example, James Watson and Francis 
Crick developed a model that was their hypothesis for the structure of 
DNA. Their model could only be supported if the accumulated data from 
a number of other scientists were consistent with the model. Actually, their 
first model (hypothesis) was falsified by the work of Rosalind Franklin. 
Their final model was tested and supported not only by the ongoing work 
of Franklin and Maurice Wilkins but also by research previously published 
by Erwin Chargaff and others. Watson and Crick won the Nobel Prize for 
their scientific work. They did not perform a controlled experiment in the 
laboratory but tested their powerful hypothesis through the use of exist-
ing evidence from other research. Methods other than experimentation are 
 acceptable in testing hypotheses. Think about other areas of science that 
 require comparative observations and the accumulation of data from a vari-
ety of sources, all of which must be consistent with and support hypotheses 
or else be inconsistent and falsify hypotheses.
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The information in your biology textbook is often thought of as a collection 
of facts, well understood and correct. It is true that much of the knowledge of 
biology has been derived through scientific investigations, has been thoroughly 
tested, and is supported by strong evidence. However, scientific knowledge is 
always subject to novel experiments and new technology, any aspect of which 
may result in modification of our ideas and a better understanding of biological 
phenomena. The self-correcting nature of science can be seen in newly pro-
posed phylogenetic trees illustrating evolutionary relationships among groups 
of animals. For many years these relationships were based on studies of animal 
structure and development. Recently, new tools in molecular biology have pro-
vided scientists with the ability to sequence genes and even whole genomes. 
Results from molecular biology reveal new relationships among animal groups 
that are the basis for reconstructing evolutionary trees.

Application
Before scientific questions can be answered, they must first be converted to 
hypotheses, which can be tested. For each of the following questions, write 
an explanatory hypothesis. Recall that the hypothesis is a statement that 
explains the phenomenon you are interested in investigating.
 1. Can human dander cause allergic reactions in cats?

 2. Does the proximity of neighborhood parks have an effect on the health 
of children?

Scientists often propose and reject a variety of hypotheses before they de-
sign a single test. Discuss with your class which of the following statements 
would be useful as scientific hypotheses and could be investigated using 
scientific procedures. Give the reason for each answer by stating whether it 
could possibly be falsified and what factors are measurable and controllable.
 1. “Snake oil” from pythons can be used to build heart muscle.
 2. Obese women are more likely to have children who develop autism 

than normal-weight women.
 3. Pierced and tattooed people consume more alcohol when visiting bars 

than persons without piercings and tattoos.
 4. Birds evolved from bipedal dinosaurs called theropods.
 5. Women who take aspirin have a lower risk of developing melanoma.

E X E R c i S E  1 . 2

Designing Experiments  
to Test Hypotheses

The most creative aspect of science is designing a test of your hypothesis 
that will provide unambiguous evidence to falsify or support a particu-
lar explanation. Scientists often design, critique, and modify a variety of 
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experiments and other tests before they commit the time and resources 
to perform a single experiment. In this exercise, you will follow the proce-
dure for experimentally testing hypotheses, but it is important to remem-
ber that other methods, including observation and the synthesis of other 
sources of data, are acceptable in scientific investigations. An experiment 
involves defining variables, outlining a procedure, and determining con-
trols to be used as the experiment is performed. Once the experiment is 
defined, the investigator predicts the outcome of the experiment based on 
the hypothesis.

Read the following description of a scientific investigation of the disease 
defense mechanisms in monarch butterflies.Then in Lab Study A you will 
determine the types of variables involved, and in Lab Study B, the experi-
mental procedure for this experiment and for others.

Investigating Adult Monarch Butterfly Preference for Food 
Plants That Reduce Parasitic Infection in Their Offspring 
(Lefèvre et al., 2012)

In nature, free-living organisms are constantly infected with a wide range 
of parasites, and it is not uncommon to discover that many organisms 
have evolved defensive mechanisms to reduce the negative effects of 
parasitic infection. The monarch butterfly (Danaus plexippus) is regu-
larly infected by the protozoan parasite Ophryocystis elektroscirrha, and 
this infection negatively affects the growth and survivability of these 
butterflies.

In the life cycle of a monarch butterfly, an adult female lays eggs on a 
milkweed plant, and after hatching, the larvae feed on the plant. Each 
larva pupates to an immobile chrysalis, from which a butterfly later 
emerges. Scientists in the laboratory of Jacobus de Roode of Emory 
University are studying if monarch butterflies have evolved defense 
mechanisms to protect offspring or adults against these protozoan par-
asites. In one experiment performed in de Roode’s lab, the researchers 
asked if adult female butterflies infected with the protozoan parasite 
preferentially lay their eggs on milkweed plants that reduce parasite 
growth in their offspring, or do they randomly deposit eggs, regardless 
of the type of milkweed plant? They hypothesized that female butter-
flies would lay more eggs on plants that reduce parasite growth.

To test this hypothesis, they bred monarchs in the lab to obtain larvae. 
They then infected some larvae with the protozoan parasite, while 
leaving other larvae uninfected. All larvae were reared in a similar 
environment. As adult butterflies emerged, infected females were 
transferred to a mating cage. Control female monarchs (uninfected) 
were transferred to another cage. Uninfected males were released into 
each cage to serve as mating partners. Three days after mating (aver-
age time required for egg maturation), 10 infected and 10 uninfected 
females were released one at a time into one of five cages containing 
two milkweed plants. One plant, Asclepias curassavica, is known to 
contain high concentrations of chemicals that reduce parasite infec-
tion in offspring, and another plant, Asclepias incarnata, contains the 
chemicals but in lower concentrations. After allowing the females to 
lay eggs on the milkweed plants for 1 hour, they were returned to their 
holding cage. Two days later the experiment was repeated with the 
same female butterflies. The investigators then counted the number 
of eggs laid on each milkweed plant (Figure 1.1).
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Hypothesis
Infected monarch butterflies preferentially lay their eggs on plants that reduce 
parasite infection in their offspring.

Lab Study A. Determining the Variables

Read the description of each category of variable, and then identify the 
variable described in the preceding investigation. The variables in an ex-
periment must be clearly defined and measurable. The investigator must 
identify and define dependent, independent, and controlled variables for a 
particular experiment.

The Dependent Variable
Within the experiment, one variable will be measured, counted, or observed 
in response to the experimental conditions. This variable is the dependent 
variable. For the monarch butterfly experiment as described, one depen-
dent variable was measured. What is this variable?

Although only one dependent variable was measured in this experiment, 
it is acceptable to measure several dependent variables in an experiment. 
What additional dependent variables might be measured in this experiment, 
and why is this acceptable?

a. b.

FIGURE 1.1
Butterfly and milkweed 
experiment. (a) Monarch butterfly 
laying eggs on a milkweed plant. 
(b) Infected and uninfected butterflies 
were allowed to lay eggs in cages 
containing milkweed plants with 
different levels of anti-parasite 
chemicals.
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It is acceptable to measure more than one dependent variable because any 
of these may give additional information about the hypothesis being investi-
gated. In this case, the question is whether females prefer to lay their eggs on 
plants that reduce parasitic infection in their offspring. Therefore, measuring 
characteristics that indicate the survivability of the next generation will add 
more evidence to support the hypothesis.

The Independent Variable
The scientist will choose one variable or experimental condition to manipu-
late or change. This variable is considered the most important variable by 
which to test the investigator’s hypothesis, and is called the independent 
variable. What was the independent variable in the investigation of female 
butterfly preference of milkweed plants?

Can you suggest other variables that the investigators might have changed 
that would have had an effect on the dependent variable?

Although other factors such as light, humidity, the source of the larvae, the 
natural habitat of the butterflies, differences in test plants—any of which 
might affect the dependent variable—only one independent variable is usu-
ally chosen. Why is it important to have only one independent variable?

The Controlled Variable
Consider the variables that you identified as alternative independent variables. 
Although they are not part of the hypothesis being tested in this investigation, 
they could have significant effects on the outcome of this experiment. These 
variables must therefore be kept constant during the course of the experiment. 
They are known as the controlled variables. The underlying assumption in 
experimental design is that the selected independent variable is the one affect-
ing the dependent variable. This is only true if all other variables are controlled. 
What are the controlled variables in this experiment?

Lab Study B. Choosing or Designing the Procedure

The procedure is the stepwise method, or sequence of steps, to be per-
formed for the experiment. It should be recorded in a laboratory notebook 
before initiating the experiment, and any exceptions or modifications 
should be noted during the experiment. The procedures may be designed 
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from research published in scientific journals, through collaboration 
with colleagues in the lab or other institutions, or by means of one’s own 
novel and creative ideas. The process of outlining the procedure includes 
determining levels of treatments, numbers of replications, and control 
treatment(s).

Level of Treatment
The value set for the independent variable is called the level of treatment. 
This is based on knowledge of the system and the biological significance 
of the treatment level. For example, if you were investigating the effect of 
sulfur dioxide (the independent variable) on plants growing near a coal-
fired power plant, you would treat plants in your experiment with concen-
trations of sulfur dioxide that fall below, throughout, and above the range 
found around the power plant. In some experiments, however, independent 
variables represent categories that do not have a level of treatment. This is 
the case in the butterfly experiment, where the independent variable is the 
presence of parasites in the adult butterflies.

Replication
Scientific investigations are not valid if the conclusions drawn from them 
are based on only one experiment with one or two individuals. Generally, 
the same procedure will be repeated several times (replication) and many 
individuals must be used. Describe replication in this experiment.

Control
The experimental design includes a control in which the independent vari-
able is held at an established level or is omitted. The control or control 
treatment serves as a benchmark that allows the scientist to decide whether 
the predicted effect is really due to the independent variable. What was the 
control in this experiment?

What is the difference between the control and the controlled variables dis-
cussed previously?

Lab Study C. Making Predictions

The investigator never begins an experiment without a prediction of its 
outcome. The prediction is always based on the particular experiment 
designed to test a specific hypothesis. Predictions are written in the form 
of if/then statements: “If the hypothesis is true, then the results of the ex-
periment will be …”; for example, “if extracts of marigold and rosemary are 
more effective than DEET in repelling insects, then there will be fewer bites 
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on the arm sprayed with the plant extract compared to the arm sprayed 
with DEET after a 5-minute exposure to mosquitoes.” Making a prediction 
provides a critical analysis of the experimental design. If the predictions are 
not clear, the procedure can be modified before beginning the experiment. 
For the butterfly experiment, the hypothesis was: “Infected monarch butter-
flies preferentially lay their eggs on plants that reduce parasite infection in 
their offspring.” What should the prediction be? State your prediction.

To evaluate the results of the experiment, the investigator always returns 
to the prediction. If the results match the prediction, then the hypothesis is 
supported. If the results do not match the prediction, then the hypothesis 
is falsified. Either way, the scientist has increased knowledge of the process 
being studied. Many times the falsification of a hypothesis can provide 
more information than confirmation, as the ideas and data must be criti-
cally evaluated in light of new information. In the butterfly experiment, 
the scientist may learn that the prediction is supported—there is a greater 
proportion of eggs on the milkweed plant with higher levels of anti-parasite 
chemicals (A. curassavica). As a next step, the investigator may wish to 
examine the longevity of infected monarchs reared on A. curassavica com-
pared with those reared on A. incarnata.

Return to page 4 and review your hypotheses for the numbered questions. 
Consider how you might design an experiment to test the first hypothesis. 
For example, you might separate a litter of kittens into two groups and raise 
them in two environments—one with human dander present and another 
where the air is filtered, removing human dander. The prediction might be:

If human dander causes allergic reactions in cats (a restatement of the 
hypothesis), then the cats raised in the environment with human dan-
der will develop more allergies than those cats reared in a dander-free 
environment (predicting the results of the experiment).

Now consider an experiment you might design to test the second hypoth-
esis. How will you measure “healthier”?

State a prediction for this hypothesis and experiment. Use the if/then format.

The actual test of the prediction is one of the great moments in research. 
No matter the results, the scientist is not just following a procedure but 
truly testing a creative explanation derived from an interesting question.

Discussion

 1. From this exercise, list the components of scientific investigations from 
asking a question to carrying out an experiment.
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 2. From this exercise, list the variables that must be identified in designing 
an experiment.

 3. What are the components of an experimental procedure?

E X E R c i S E  1 . 3

Designing an Experiment

Materials
steps or platform, 8 to 14 inches high
metronome
clock or stopwatch with seconds
optional: iPads or iPhones with metronome app and heart rate app (See 

Website resources for suggestions)

Introduction
The Centers for Disease Control and Prevention (CDC) as well as the 
U.S. Department of Health and Human Services (HHS) have developed 
guidelines to improve health and fitness in response to continued con-
cerns about chronic disease as a result of sedentary lifestyles and obesity. 
One measure of physical fitness is cardiovascular fitness, the body’s ability 
to provide  oxygen-rich blood to actively working tissues during exercise. 
Both the lungs and heart contribute to cardiovascular fitness, which can 
be affected by a number of factors, including types or extent of exercise, 
smoking, weight, and other physiological indicators. The “2008 Physical 
Activity Guidelines for Americans” (HHS, 2008) recommends 150 minutes 
a week of moderate (or 75 minutes of vigorous) physical activity, as well as 
strength-building exercises two or more times a week. A number of ques-
tions about the factors that affect cardiovascular fitness, particularly in 
college students, remain unanswered. Are the young adults who follow the 
HHS guidelines more fit than those who are sedentary? Can you be fit and 
obese or thin and less fit? How does sleep affect cardiovascular fitness? 
Can smokers regain the cardiovascular fitness levels of nonsmokers? If you 
are a smoker, how long before your cardiovascular fitness is affected?

Cardiovascular fitness can be determined by measuring a person’s pulse rate 
and respiration rate before and after a period of exercise. A person who is 
more fit may have a relatively slower pulse rate and lower respiratory rate 
after exercise, and his or her pulse rate should return to the normal (resting 
rate) more quickly than that of a person who is less fit. Several tests of cardio-
vascular fitness have been developed, but the easiest to use and for compar-
ing the results with other studies, is the Harvard Step Test (Simon, 2005). In 
this test, the subject steps up and down at a constant rate for 3 to 5 minutes. 
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The pulse rate is measured before and after exercise, as well as the recovery 
rate at 1, 2, and 3 minutes after exercise. These values can then be compared 
directly or used to calculate a fitness index.

In this exercise you will brainstorm questions about the factors that affect 
cardiovascular fitness in college students. As a class you will select one of 
these questions to pursue in today’s laboratory. You will develop a hypoth-
esis, design an experiment using the step test, and state your prediction. In 
the following exercises you will collect data, analyze and discuss your re-
sults, and critique your experiment.

In your research teams, take a few minutes to discuss several specific ques-
tions that you are interested in asking about factors that affect cardiovascu-
lar fitness in college students. Write your questions in the margin of the lab 
manual. Discuss with your teammates a testable hypothesis for each ques-
tion. Choose one question and hypothesis from your group to add to a class 
list recorded by the instructor. Consider the characteristics of a question 
that can be pursued scientifically as you select the class question. 

 The class selects one question and hypothesis to investigate 
and then develops the experimental design using the basic step test 
as a starting point. They then predict the results of the experiments. 
all teams carry out the same experiment, pooling and analyzing the 
class data.

Record the question chosen by the class.

Hypothesis
Record a hypothesis for the question chosen by the class. Consider the char-
acteristics of a testable hypothesis.

The Experiment
A form of the step test has been used to evaluate cardiovascular fitness for 
decades. There are several different versions of the test that allow the subject 
to exercise for a specified amount of time, at a given rate, using a standard-
height step. The rate and duration of exercise should increase the heart rate 
without stressing the subject. Heart rate (beats per minute) before and after 
exercise can be measured. In some procedures the recovery heart rate is also 
measured at 1, 2, and 3 minutes after exercise. Recovery heart rates can be 
used to determine a fitness index. You may modify the design for your ex-
periment. Do not increase the rate or duration beyond those suggested.
 1. Team Organization: Select the subjects for the two test groups who will 

perform the step test. Designate other students to measure pulse rates 
and record data. Each team of students should ideally have four stu-
dents: one student in each test group, with the other students designated 
to measure pulse rates and record data.
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 2. Step Test Basics: The subject steps up and down on a platform or step, 
approximately 20–36 cm (8 to 14 inches) in height, for 3 to 4 minutes at a 
rate of 24 to 30 steps per minute. Begin by stepping up with one foot and 
follow with the other. The sequence for one step will be “up, up” and then 
“down, down” (Figure 1.2). Use a metronome to count steps to ensure 
that all subjects maintain a constant step rate. For a rate of 30 steps per 
minute, set the metronome to 120 beats per minute to coincide with the 
four steps—up and down. Metronome apps are available for the iPhone 
and iPad (see Websites at end of the lab topic for suggestions).

 3. Pulse Rate: The subject’s pulse rate is measured before the test (resting 
rate) and 1 minute after the test. The subject should be sitting quietly in 
a chair when the pulse is counted. To take a manual pulse, use three fin-
gers to find the pulse in the radial artery (the artery on the underside of 
the wrist above the thumb). Count the beats per minute (bpm). (Count 
the beats for 30 seconds and multiply by 2). Pulse rate can also be mea-
sured using an iPhone or iPad with an app for heart rate (see Websites 
at end of the lab topic for suggestions).

 4. Recovery Rate: Additionally, the pulse rate may be measured at 2 and 
3 minutes after the test to determine the recovery rate (measure of the 
return to resting heart rate). Count the pulse from 1 to 1.5 minutes, 
then 2 to 2.5 minutes, and then 3 to 3.5 minutes. Multiply the minutes 
by 2 for beats per minute (bpm).

 5. Fitness Index: You may choose to calculate the fitness index from the 
recovery pulse rates at 1, 2, and 3 minutes. These can then be compared 
to the Fitness Index Ratings in Table 1.1 or graphed to compare the two 
experimental groups.

  Calculate the fitness index (FI) using the following equation:

FI =  
Duration of test (sec)

(t1 + t2 + t3)
* 100

  t1 = bpm 1 min. after exercise; t2 = bpm at 2 min.; t3 = bpm at 3 min

List the details of the step test procedure designed by the class. Be 
sure all team members understand and follow the same procedure.

Number and name of subjects in each test group:

Students designated to measure and record data:

Step rate:

Duration of test:

Height of step:

When are pulse rates (bpm) measured?

How are pulse rates (bpm) measured?

 Students with respiratory or circulatory disorders should not 
participate as test subjects in the experiment. Do not exceed the rate 
or duration beyond those suggested.

FIGURE 1.2
The Step Test.  
The subject steps 
up on a platform 
and then down 
again, keeping the 
rate constant.
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What is (are) the dependent variable(s) in your experiment?

What is the independent variable?

Controlled variables:

Control:

Level of treatment:

Replication:

Prediction
Predict the results of each experiment based on your hypotheses (if/then).

Performing the Experiment
Following the procedures established by your class for the step test, perform 
the experiment and record the results for your team in Table 1.2.

TABLE 1.1 Fitness Index for Step Test Indicating Relative Fitness

Harvard Step Test Ratings 

Fitness Index Rating

<55 Poor

55–64 Low Average

65–79 High Average

80–89 Good

>90 Excellent

(Bird et al., 1998)
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Results

 1. Customize Table 1.2 to record the results for your team. List the test 
groups (for example, athlete, nonathlete) above the columns at the top 
of the table. Cross through or add to the rows to indicate the dependent 
variables for your experiment.

 2. Record the results for your team in Table 1.2.
 3. Calculate the fitness index (if selected for your experiment) and record 

in Table 1.2.
 4. Customize Table 1.3 for the total class data to include the test groups 

and the dependent variables measured.
 5. Record the class results for all subjects in Table 1.3.
 6. Calculate the class averages.
 7. Compare your results with the fitness index and ratings in Table 1.1.
 8. Analyze and present your results following the directions in Exercise 1.4.

E X E R c i S E  1 . 4

Presenting and Analyzing Results

Once the data are collected, they must be organized and summarized so 
that scientists can determine if the hypothesis has been supported or falsi-
fied. In this exercise, you will design tables and graphs; the latter are also 
called figures. Tables and figures have two primary functions. They are 
used (1) to help you analyze and interpret your results and (2) to enhance 
the clarity with which you present the work to a reader or viewer.

TABLE 1.2 Results of Step Test for Team Members.  Modify the Table 
for the Measurements Recorded in Your Experiment.
Download an Excel version of this table from www.masteringbiology.com in the 
Study Area under Lab Media.

Measurements Test Group 1: Test Group 2:

Before step test
Pulse rate (bpm)

   

1 minute after step test
Pulse rate (bpm) = t1

   

2 minutes after step test
Pulse rate (bpm) = t2

   

3 minutes after step test
Pulse rate (bpm) = t3

   

Fitness Index

FI =  
Duration of test (sec)

 (t11 + t22 + t33)
* 100 
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Lab Study A. Tables

You have collected data from your experiment, and the information may appear 
at first glance to have little meaning. Look at your data. How could you organize 
the data set to make it easier to interpret? You could average the data set for 
each test group, but even averages can be rather uninformative. Could you use a 
summary table to convey the data (in this case, averages)?

TABLE 1.3 Summary of Class Data for All Subjects. Modify the Table and Record the Results from the 
Experiment by Test Groups 1 and 2.
Download an Excel version of this table from www.masteringbiology.com in the Study Area under Lab Media.

Results for Test Group 1:

Subject 1 2 3 4 5 6 Average

Before step test
Pulse rate (bpm)

             

1 minute after step test
Pulse rate (bpm)

             

2 minutes after step test
Pulse rate (bpm)

             

3 minutes after step test
Pulse rate (bpm)

             

Fitness Index               

               

Results for Test Group 2:

Subject 1 2 3 4 5 6 Average

Before step test
Pulse rate (bpm)

             

1 minute after step test
Pulse rate (bpm)

             

2 minutes after step test
Pulse rate (bpm)

             

3 minutes after step test
Pulse rate (bpm)

             

Fitness Index               
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Table 1.4 is an example of a table using data from an experiment investigat-
ing the effects of sulfur dioxide on soybean production. In this experiment, 
48 soybean plants in flower were divided into two groups, experimental and 
control. One group (the experimental group) was exposed to 0.6 ppm (parts 
per million) of sulfur dioxide for 4 hours. The other group was exposed to 
filtered air for the same amount of time. The plants were then maintained 
in the greenhouse, and when the seed pods matured, the investigators 
counted the number of pods per plant and the number of seeds per pod. 
Note that the number of replicates and the units of measurement are  
provided in the table title.

Tables are used to present results that have many data points. They are also 
useful for displaying several dependent variables and when the quantitative 
values rather than the trends are the focus. For example, average number 
of bean pods, average number of seeds per pod, and average weight of pods 
per plant for treated and untreated plants could all be presented in one 
table.

The following guidelines will help you construct a table.

• All values of the same kind should read down the column, not across a 
row. Include only data that are important in presenting the results and 
for further discussion.

• Information and results that are not essential (for example: test-tube 
number, simple calculations, or data with no differences) should be 
omitted.

• The heading of each column should include units of measurement, if 
appropriate.

• Tables are numbered consecutively throughout a lab report or scientific 
paper. For example: Table 1.4 would be the fourth table in your report.

• The title, which is located at the top of the table, should be clear and 
concise, with enough information to allow the table to be understand-
able apart from the text. Capitalize the first and important words in the 
title. Do not capitalize articles (a, an, the), short prepositions, and con-
junctions. The title does not need a period at the end.

• Refer to each table in the written text. Summarize the data and refer 
to the table—for example, “The plants treated with sulfur dioxide pro-
duced an average of 1.96 seeds per pod (Table 4).” Do not write, “See the 
results in Table 4.”

• If you are using a database program, such as Excel, you should still 
sketch your table on paper before constructing it on the computer.

TABLE 1.4 Effects of 4-Hour Exposure to 0.6 ppm Sulfur Dioxide on 
Average Seed and Pod Production in Soybeans (24 Replicates)

Treatment Seeds per Pod Pods per Plant

Control 3.26 16

SO2 1.96 13
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Application

 1. Using the data from your experiment, design a summary table to present 
the results for one of your dependent variables (for example, pulse rate 
before and one minute after the step test).

 2. Label this Table 1.5. Compose a title for your table. Include the number 
of replications used to calculate the averages. Refer to the guidelines in 
the previous section of this lab topic for composing titles.

TABLE 1.5 Average “Pulse Rate” of Four Athletes and Four 
Nonathletes Before and After the Step Test

 

 

   

   

Lab Study B. Figures

Graphs, diagrams, drawings, and photographs are all called figures. The 
results of an experiment usually are presented graphically, showing the re-
lationships among the independent and dependent variable(s). A graph or 
figure provides a visual summary of the results. Often, characteristics of the 
data are not apparent in a table but may become clear in a graph. By looking 
at a graph, then, you can visualize the effect that the independent variable 
has on the dependent variable and detect trends in your data. Making a 
graph may be one of the first steps in analyzing your results.

The presentation of your data in a graph will assist you in interpreting and 
communicating your results. In the final steps of a scientific investigation, 
you must be able to construct a logical argument based on your results that 
either supports or falsifies your starting hypothesis. Your graph should be 
accurately and clearly constructed, easily interpreted, and well annotated.

The following guidelines will help you to construct such a graph:

•	 Use graph paper and a ruler to plot the values accurately. If using a data-
base program, you should first sketch your axes and data points before 
constructing the figure on the computer.

•	 The independent variable is graphed on the x-axis (horizontal axis, or ab-
scissa), and the dependent variable on the y-axis (vertical axis, or ordinate).

•	 The numerical range for each axis should be appropriate for the data being 
plotted. Generally, begin both axes of the graph at zero (the extreme left 
corner). Then choose your intervals and range to maximize the use of the 
graph space. Choose intervals that are logically spaced and therefore will 
allow easy interpretation of the graph, for example, intervals of 5s or 10s. 
To avoid generating graphs with wasted space, you may signify unused 
graph space by two perpendicular tic marks between the zero and your 
lowest number on one or both axes.

•	 Label the axes to indicate the variable and the units of measurement. 
Include a legend if colors or shading is used to indicate different aspects 
of the experiment.
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•	 Choose the type of graph that best presents your data. Line graphs and 
bar graphs are most frequently used. The choice of graph type depends 
on the nature of the variable being graphed.

•	 Compose a title for your figure and write it below your graph. Figures 
should be numbered consecutively throughout a lab report or scientific 
paper. Each figure is given a caption or title that describes its contents, 
giving enough information to allow the figure to be self-contained. Cap-
italize only the first word in a figure title and place a period at the end.

The Line Graph
Line graphs show changes in the quantity of the chosen variable and emphasize 
the rise and fall of the values over their range. Use a line graph to present con-
tinuous quantitative data. For example, changes in a dependent variable such as 
changes in weight measured over time would be depicted best in a line graph.

•	 Whether to connect the dots or draw a best fit curve depends on the 
type of data and how they were collected. To show trends, draw smooth 
curves or straight lines to fit the values plotted for any one data set. 
Connect the points dot to dot when emphasizing meaningful changes 
in values on the x-axis.

•	 If more than one set of data is presented on a graph, use different colors 
or symbols and provide a key or legend to indicate which set is which.

•	 A boxed graph, instead of one with only two sides, makes it easier to see 
the values on the right side of the graph.

Note the features of a line graph in Figure 1.3, which shows the relationship 
between wolf and moose abundance over time on Isle Royale in Lake Superior.

The Bar Graph
Bar graphs are constructed following the same principles as for line graphs, 
except that vertical bars, in a series, are drawn down to the horizontal axis. 
Bar graphs are often used for data that represent separate or discontinu-
ous groups or nonnumerical categories, thus emphasizing the discrete 
differences between the groups. For example, a bar graph might be used 
to depict differences in the proportion of eggs laid by monarch butterflies 
on milkweeds with and without chemicals that reduce parasite infection. 
Bar graphs are also used when the values on the x-axis are numerical but 
grouped together. These graphs are called histograms.

Note the features of a bar graph in Figure 1.4, which shows the percentage 
of calories from fast food among adults aged 20 and over.
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FIGURE 1.3
Five decades of fluctuating wolf 
and moose populations on Isle 
Royale, a remote wilderness 
island in Lake Superior.
Source: From the Isle Royale Wolf-Moose Study
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You will be asked to design graphs throughout this laboratory manual. Remem-
ber, the primary function of the figure is to present your results in the clearest 
manner to enhance the interpretation and presentation of your data.

Application

 1. Using data from your experiments and the grid provided below, design 
a bar graph that shows the relationship between the dependent and in-
dependent variables in your experiment. Discuss with your teammates 
how to design one figure so that it includes the data for the independent 
variable and one or more dependent variables.

 a. What was the independent variable for your experiment? On which 
axis would you graph this?

 b. What was the dependent variable? Write this on the appropriate axis.

 2. Add a legend to your figure to distinguish the two test groups.
 3. Draw, label, and compose a title for your figure.
 4. Imagine an experiment similar to the one you have performed where it 

would be appropriate to use a line graph.

FIGURE 1

_______________________________ 

_______________________________ 

M01_MORG1306_08_GE_CH01.indd   47 02/12/14   3:34 PM



48 LAb ToPIc 1 Scientific Investigation

E X E R c i S E  1 . 5

Interpreting and Communicating Results

The last component of a scientific investigation is to interpret the results 
and discuss their implications in light of the hypothesis and support-
ing  literature. The investigator studies the results, including tables and 
 figures, and determines if the hypothesis has been supported or falsified. 
If the hypothesis has been falsified, the investigator must suggest alternate 
 hypotheses for testing. If the hypothesis has been supported, the investiga-
tor suggests additional experiments to strengthen the hypothesis, using the 
same or alternate methods.

Scientists will thoroughly investigate a scientific question, testing hypoth-
eses, collecting data, and analyzing results. In the early stages of a scientific 
study, scientists review the scientific literature relevant to their topic. They 
continue to review related published research as they interpret their results 
and develop conclusions. The final phase of a scientific investigation is the 
communication of the results to other scientists. Preliminary results may 
be presented within a laboratory research group and at scientific meetings 
where the findings can be discussed. Ultimately, the completed project is 
presented in the form of a scientific paper that is reviewed by scientists 
within the field and published in a scientific journal. The ideas, procedures, 
results, analyses, and conclusions of all scientific investigations are criti-
cally scrutinized by other scientists. Because of this, science is sometimes 
described as self-correcting, meaning that errors that may occur are usually 
discovered within the scientific community.

Scientific communication, whether spoken or written, is essential to science. 
During this laboratory course, you often will be asked to present and inter-
pret your results at the end of the laboratory period. Additionally, you will 
write components of a scientific paper for many lab topics. In Appendix A at 
the end of the lab manual, you will find a full description of a scientific paper 
and instructions for writing each section.

Application

 1.  Using your tables and figures, analyze your results. What relationships 
are apparent between variables? Look for trends in your figures and 
tables. Discuss your conclusions with your group.

 2. Write a summary statement for your experiments incorporating evidence 
from your results. Use your results to support or falsify your hypotheses. 
Be prepared to present your conclusions to the class.

 3. Critique your experiment. What weaknesses do you see in the experi-
ment? Suggest improvements.
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 4. Suggest additional and modified hypotheses that might be tested in the 
future. Briefly describe your next experiment.

 5. Refer to Appendix A “Scientific Writing and Communication,” at the end of 
your lab manual. Briefly describe the four major parts of a scientific paper. 
What is the abstract? What information is found in a References Cited sec-
tion? What sections of a scientific paper always include references?

Weaknesses in Experiment Improvement

   

Reviewing Your Knowledge

 1. Review the major components of an experiment by matching the following 
terms to the correct definition: control, controlled variables, level of treat-
ment, dependent variable, replication, procedure, prediction, hypothesis, 
independent variable.
a. Variables that are kept constant during the experiment (variables not 

being manipulated)

b. Tentative explanation for an observation

c. What the investigator varies in the experiment (for example, time, 
pH, temperature, concentration)

d. Process used to measure the dependent variable
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e. Appropriate values to use for the independent variable

f. Treatment that eliminates the independent variable or sets it at a 
standard value

g. What the investigator measures, counts, or records; what is being 
 affected in the experiment

h. Number of times the experiment is repeated

i. Statement of the expected results of an experiment based on the 
hypothesis

 2. Identify the dependent and independent variables in the following 
investigations.
a. Scientists investigating the effects of decreased rainfall on the occur-

rence of allergens in urban environments measured the number of 
days that rapeseed pollen was present in the streets of London and 
rural fields.

b. Coral reefs compete for light and space with seaweeds that may 
cover the coral like a lawn. Scientists measure the percent of coral 
covered with seaweed and the rate of coral growth in test plots with 
and without goby fish present.

c. Scientists compare the preference for chocolate in rats kept in a 
warm environment throughout the night, compared with rats kept in 
a cooler environment.

 3. Suggest a control treatment for each of the following experiments.
a. Scientists record the levels of cortisol in male blackbirds kept in an 

environment with minimal noise pollution.
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b. To investigate if noise fosters depression, a group of hamsters is 
 exposed to noise throughout the night.

 4. Propose an experiment and suggest a control treatment for each of the 
following questions.
a. Is the mineral zinc effective as a possible emergency treatment for 

deadly Australian box jellyfish stings?

Experiment:  

Control:  

b. Does the fear of being attacked by predators have a negative impact 
on reproduction in nesting birds?

Experiment:  

Control:  

c. Will chewing gum after every meal reduce gum disease?

Experiment:  

Control:  

 5. A recent study of 39,876 Caucasian women aged 45 years or older 
 reports that women who take 100mg of aspirin on alternate days for 
more than a year are 42% less likely to develop colorectal cancer than 
women who do not use aspirin. List other variables that would be 
 important to control in this study (controlled variables).

 6. A study of the effects of vitamin B (B6 and B12) supplementation on the 
prevention of cognitive decline in patients with Alzheimer’s disease has 
produced positive results. Can you conclude that vitamin B prevents 
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Alzheimer’s disease? What other possible explanations for this correla-
tion can you suggest?

 7. What is the essential feature of science that makes it different from 
other ways of understanding the natural world?

Applying Your Knowledge

Interpreting Graphed and Tabular Data

 1. The use of DDT for malaria control stopped being funded by the World 
Health Organization (WHO) in the 1980s. The World Bank required a 
ban on DDT for developing countries seeking loans. At the same time 
there has been an increase in the resistance of the malarial parasite to 
the most common antimalarial drugs. Since 2001, WHO has allowed 
the spraying of DDT in Africa on interior walls to kill mosquitoes. 
 Review the graph in Figure 1.5 and information provided and then 
 answer the following questions.

  What is the independent variable?

  What is the dependent variable?

  Why was a bar graph selected to present these data? Could the authors 
have used a line graph?
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FIGURE 1.5
Malaria cases in South Africa 
before, during, and after banned 
DDT spraying.
Source: After Opar, 2006
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  Write a statement summarizing the results. Specifically address trends 
from 1972–1992, 1995–2000, and 2001–2004.

 2. Review the experimental conditions for the monarch butterfly and 
milkweed experiment in Exercise 1.2. Recall that adult butterflies 
lay their eggs on milkweed plants and that the caterpillars that hatch 
feed on the milkweed leaves. Adult monarch butterflies are often 
infected by a protozoan parasite that affects their survivability and 
growth. Some milkweeds (A. curassavica) produce high concentra-
tions of anti-parasitic compounds that reduce parasitic infections in 
monarch butterfly offspring.

  Scientists hypothesized that infected monarch butterflies preferentially 
lay their eggs on milkweeds that reduce parasite infection (A. curassav-
ica). In the experiment, the investigators measured the proportion of 
eggs laid on A. curassavica by infected and uninfected adult monarch 
butterflies.

  If the butterflies showed no preference for the A. curassavica plants, 
what would be the expected proportion?

  The results of this experiment are shown in Figure 1.6. Do the results 
support or falsify the hypothesis? Explain your answer using the data 
presented.

  In a second experiment scientists hypothesized that parasite-infected 
caterpillars would consume a greater proportion of their diet from the 
anti-parasite (A. curassavica) milkweed. In the experiment, caterpillars 
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FIGURE 1.6
Proportion of eggs laid on  
anti-parasitic milkweed  
(A. curassavica) by infected 
and uninfected monarch 
butterflies.
Source: Lefèvre et al., 2012
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were given the choice of feeding on milkweed leaves with high concen-
trations of anti-parasite compounds (A. curassavica) or another milk-
weed with low concentrations.

  The results of the caterpillar feeding experiment are shown in Figure 1.7. 
Do these results support of falsify the hypothesis? Explain your answer 
using the data presented.

 3. Review the guidelines for graphs on pages 17–18 earlier in the chapter 
and critique Figure 1.8. This figure illustrates the number and birth rate 
for twins born in the United States between 1980 and 2009. Suggest 
changes that you could make to improve this figure.
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FIGURE 1.7
Proportion of diet from 
anti-parasitic milkweed 
(A. curassavica) consumed 
by infected and uninfected 
caterpillars.
Source: Lefèvre et al., 2012

FIGURE 1.8
Number and Rate of Twin Births.
Source: Modified from Martin et al., 2012
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Practicing Experimental Design

 1. In 2006, a spelunker photographing bats in a cave about 40 miles from 
Albany, New York, noticed a white powdery substance covering the 
muzzles of the hibernating bats. Five years later the disease had spread 
into Canada and to Tennessee and North Carolina, and had killed 
more than a million bats of six different species. Mortality in many bat 
colonies is 95%, and many biologists fear that in a few years the disease 
may spread as far as the Pacific Coast. Living and dead bats have a 
white fungus, identified as Geomyces destructans, on their faces, ears, 
and wings, and thus the disease is known as “white nose syndrome.” In 
addition to harboring the fungus, infected bats demonstrate aberrant 
behavior. They may come out of hibernation early and during daylight; 
without insects to eat, they become emaciated or starve to death. Their 
wings tear easily and lose elasticity. Although it may appear obvious, 
scientists question if G. destructans is the primary cause of death, and 
they are investigating other explanations. For example, other pathogens 
(viruses or bacteria) may be the primary infective agents, and the white 
fungus may be secondary. Scientists also have found that the digestive 
systems of affected bats have fewer bacteria necessary for the digestion 
of insects. Therefore, less energy is available to them during hiberna-
tion. This could result in starvation and increased susceptibility to the 
fungus (Zimmerman, 2009). Using the criteria in Lab Study B, Develop-
ing Hypotheses, select the hypothesis you would pursue as a scientist 
and justify your choice.

 2. “Grains of paradise” plants grow in the swampy region inhabited by the 
western lowland gorilla and make up 80–90% of the gorillas’ diet, and 
are even utilized in constructing their nests each night. Captive lowland 
gorillas in zoos are not fed grains of paradise, but rather have a complex 
diet of processed vitamin-rich food plus fruits and vegetables available in 
the marketplace. Recently, scientists identified potent anti-inflammatory 
and antimicrobial compounds in grains of paradise that may hold the key 
to a puzzling question: “Why do western lowland gorillas in zoos have 
an alarmingly high rate of cardiomyopathy (a type of heart disease)?” 
Hypothesize about the effect of diet (grains of paradise) on rates of heart 
disease. Describe a simple preliminary experiment to test your hypoth-
esis, and state a prediction.

Hypothesis:  

Experiment:  
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Prediction:  

 3. Scientists have been studying ways to increase numbers of new popula-
tions of the federally endangered red-cockaded woodpecker (Figure 1.9). 
Previous research has shown that woodpeckers prefer to colonize forests 
with naturally existing nesting holes, rarely moving into new territories 
with no holes. Scientists wondered if birds would move into new sites if 
they included trees with artificially constructed nesting cavities. They 
hypothesized that birds would colonize these forests with artificially con-
structed cavities. Describe a possible experiment to test the hypothesis, 
including a control. State a prediction.

Experiment:  

Control:  

Prediction:  

FIGURE 1.9
Red-cockaded woodpecker. 
A federally endangered species that 
lives in old-growth longleaf pine forests 
of the southeastern United States.

Student Media: BioFlix, Activities, Investigations, Videos,  
and Data Tables
www.masteringbiology.com (select Study Area)

Activities—Ch. 1: Graph It! An Introduction to Graphing

Investigations—Ch. 1: How Does Acid Precipitation Affect Trees?

Data Tables—Tables 1.2 and 1.3 can be downloaded in Excel format.  
Look in the Study Area under Lab Media.
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Websites

Download iPad/iPhone apps from iTunes for the 
metronome and heart rate monitor. Suggested apps:

Instant Heart Rate—Heart Rate Monitor by Azumio. 
Place your fingertip on the camera. Free.

Vital Signs Camera—Philips. Uses a camera to 
measure heart rate and breathing rate by measuring 
facial changes. Can measure two people at the  
same time. Will record a series of heart rates.  
Small fee.

Pro Metronome—Beat with sound and light. Free.

Isle Royale Wolf-Moose Study. For information on the 
longest-running study of predator/prey interactions: 
http://www.isleroyalewolf.org

“2008 Physical Activity Guidelines for Americans” 
by U.S. Department of Health and Human Services: 
http://www.health.gov/paguidelines/guidelines/
default.aspx
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the Centers for Disease Control and Prevention:  
http://www.cdc.gov/physicalactivity
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L a b  T o p i c  2

Microscopes and cells

Laboratory Objectives

After completing this lab topic, you should be able to:
 1. Identify the parts of compound and stereoscopic microscopes and be 

proficient in their correct use in biological studies.
 2. Describe procedures used in preparing materials for electron micros-

copy and compare these with procedures used in light microscopy.
 3. Identify cell structures and organelles from electron micrographs and 

state the functions of each.
 4. Describe features of specific cells and determine characteristics shared 

by all cells studied.
 5. Compare the structure of animal and plant cells as seen in both light 

and electron microscopy.
 6. Distinguish between eukaryotic and prokaryotic cells.
 7. Discuss the evolutionary significance of increasing complexity from uni-

cellular to multicellular organization and provide examples from the lab.

Introduction

According to cell theory, the cell is the fundamental biological unit, the 
smallest and simplest biological structure possessing all the characteristics 
of the living condition. All living organisms are composed of one or more 
cells, and every activity taking place in a living organism is ultimately related 
to metabolic activities in cells. Thus, understanding the processes of life 
 necessitates an understanding of the structure and function of the cell.

The earliest known cells found in fossilized sediments 3.5 billion years old 
(called prokaryotic cells) lack nuclei and membrane-bound organelles. Cells 
with a membrane-bound nucleus and organelles (eukaryotic cells) do not 
appear in the fossil record for another 2 billion years. But the eventual evolu-
tion of the eukaryotic cell and its internal compartmentalization led to enor-
mous biological diversity in single cells. The evolution of loose aggregates of 
cells ultimately to colonies of connected cells provided for specialization, so 
that groups of cells had specific and different functions. This early division 
of labor included cells whose primary function was locomotion or repro-
duction. The evolution of multicellularity appears to have originated more 
than once in eukaryotes and provided an opportunity for extensive adaptive 
radiation as organisms specialized and diversified, eventually giving rise to 
fungi, plants, and animals. This general trend in increasing complexity and 
specialization seen in the history of life will be  illustrated in Lab Topic 2.
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Given the fundamental role played by cells in the organization of life, one 
can readily understand why the study of cells is essential to the study of life. 
Cells, however, are below the limit of resolution of the human eye. We can-
not study them without using a microscope. The microscope has probably 
contributed more than any other instrument to the development of biology 
as a science and continues today to be the principal tool used in medical 
and biological research. There are four types of microscopes commonly 
used by biologists. You will learn how to use two of these microscopes, the 
compound microscope and the stereoscopic microscope, in today’s labora-
tory. Both of these microscopes use visible light as the source of illumina-
tion and are called light microscopes. Two other microscopes, the scanning 
electron microscope and the transmission electron microscope, use elec-
trons as the source of illumination. Electron microscopes are able to view 
objects much smaller than those seen in a light microscope. Although these 
microscopes are not used in this laboratory, you will be given the opportu-
nity to learn more about them in Exercise 2.4.

Microscopes are used by biologists in numerous subdisciplines: genetics, 
molecular biology, neurobiology, cell biology, evolution, and ecology. The 
knowledge and skills you develop today will be used and enhanced through-
out this course and throughout your career in biology. It is important, 
therefore, that you take the time to master these exercises thoroughly.

E X E R c i S E  2 . 1

The Compound Light Microscope

Materials
compound microscope

Introduction
The microscope is designed to make objects visible that are too difficult or 
too small to see with the unaided eye. There are many variations of light 
microscopes, including phase-contrast, darkfield, polarizing, and UV. These 
differ primarily in the source and manner in which light is passed through 
the specimen to be viewed.

The microscopes in biology lab are usually compound binocular or 
 monocular light microscopes, some of which may have phase-contrast 
 attachments. Compound means that the scopes have a minimum of two 
magnifying lenses (the ocular and the objective lenses). Binocular micro-
scopes have two eyepieces, monoculars have only one eyepiece, and light 
refers to the type of illumination used, that is, visible light from a lamp.

Your success in and enjoyment of a large portion of the laboratory work in 
introductory biology will depend on how proficient you become in the use 
of the microscope. When used and maintained correctly, these precision 
 instruments are capable of producing images of the highest quality.

Although there are many variations in the features of microscopes, they are 
all constructed on a similar plan (Figure 2.1). In this exercise you will be in-
troduced to the common variations found in different models of compound 
microscopes and asked to identify those features found on your microscope.
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FIGURE 2.1a
The compound binocular light microscope. Locate the parts of your 
microscope described in Exercise 2.1 and label this photograph. Indicate in the 
margin of your lab manual any features unique to your microscope.

FIGURE 2.1b
Enlarged photo of compound light microscope as viewed from 
under the stage. This microscope is equipped with phase-contrast optics. 
Locate the condenser, condenser adjustment knob, phase-contrast revolving turret, 
and iris diaphragm on your microscope (if present) and label them on the diagram.

M02_MORG1306_08_GE_CH02.indd   63 02/12/14   3:15 PM



64 Lab TOpic 2 Microscopes and Cells

 b. Objectives are the three lenses on the revolving nosepiece. The 
shortest lens is typically 4× and is called the scanning lens. The 
intermediate lens is 10×, and the longest, the high-power lens, is 
40× (the fourth position on the nosepiece is empty). It is important 
to clean both the objective and ocular lenses before each use. Dirty 
lenses will cause a blurring or fogging of the image. Always use lens 
paper for cleaning! Any other material (including Kimwipes®) may 
scratch the lenses.

  What is the magnification of each of your objectives? List them in 
order of increasing magnification.

 c. The arm supports the stage and condenser lens. The condenser lens 
is used to focus the light from the lamp through the specimen to be 
viewed. The height of the condenser can be adjusted by an adjust-
ment knob. The iris diaphragm controls the width of the circle of 
light and, therefore, the amount of light passing through the specimen.

Procedure

 1. Obtain a compound light microscope, following directions from your 
instructor. To carry the microscope correctly, hold the arm with one 
hand, and support the base with your other hand. Remove the cover, 
but do not plug in the microscope.

 2. Locate the parts of your microscope, and label Figure 2.1. Refer to the 
following description of a typical microscope. In the spaces provided, 
indicate the specific features related to your microscope.

 a. The head supports the two sets of magnifying lenses. The ocular 
is the lens in the eyepiece, which typically has a magnification of 
10×. If your microscope is binocular, the distance between the eye-
pieces (interpupillary distance) can be adjusted to suit your eyes. 
Move the eyepieces apart, and look for the scale used to indicate the 
distance between the eyepieces. Do not adjust the eyepieces at this 
time. A pointer has been placed in the eyepiece and is used to point 
to an object in the field of view, the circle of light that one sees in 
the microscope.

  Is your microscope monocular (one eyepiece) or binocular  
(two eyepieces)?

  What is the magnification of your ocular(s)?

please treat these microscopes with the greatest care!

 although the eyepiece may be removable, it should not be 
removed from the microscope.
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  If your microscope has phase-contrast optics, the condenser may be 
housed in a revolving turret. When the turret is set on 0, the nor-
mal optical arrangement is in place. This condition is called bright-
field microscopy. Another position of the turret sets phase-contrast 
optics in place. To use phase-contrast, the turret setting must corre-
spond to the magnifying power of the objective being used.

  Is your microscope equipped with phase-contrast optics?
  The stage supports the specimen to be viewed. A mechanical 

stage can be moved right and left and back and forth by two stage 
 adjustment knobs. With a stationary stage, the slide is secured 
 under stage clips and moved slightly by hand while viewing the 
slide. The distance between the stage and the objective can be 
 adjusted with the coarse and fine focus adjustment knobs.

  Does your microscope have a mechanical or stationary stage?
 d. The base acts as a stand for the microscope and houses the lamp.  

In some microscopes, the intensity of the light that passes through 
the specimen can be adjusted with the light intensity lever. 
 Generally, more light is needed when using high magnification  
than when using low magnification. Describe the light system for 
your microscope.

E X E R c i S E  2 . 2

Basic Microscope Techniques

Materials
clear ruler
coverslips
prepared slides: letter and crossed thread
lens paper
blank slides
Kimwipes®
dropper bottle with distilled water

Introduction
In this exercise, you will learn to use the microscope to examine a recogniz-
able object, a slide of the letter e. Recall that microscopes vary, so you may 
have to omit steps that refer to features not available on your microscope. 
The following procedure will allow you to practice adjusting your micro-
scope to become proficient in locating a specimen, focusing clearly, and 
adjusting the light for the best contrast.

Procedure

 1. Clean microscope lenses.
  Each time you use the microscope, you should begin by cleaning the 

lenses. Using lens paper moistened with a drop of distilled water, wipe 
the ocular, objective, and condenser lenses. Wipe them again with a 
piece of dry lens paper.
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 2. Adjust the focus on your microscope.
 a. Plug your microscope into the outlet.
 b. Turn on the light. Adjust the light intensity to mid-range if your 

 microscope has that feature.
 c. Rotate the 4× objective into position using the revolving nosepiece 

ring, not the objective itself.
 d. Take the letter slide and wipe it with a Kimwipes® tissue. Each time 

you study a prepared slide, you should first wipe it clean. Place the 
letter slide on the stage, and center it over the stage opening.

 Use only lens paper on microscope lenses. Do not use 
 Kimwipes®, tissues, or other papers.

 Slides should be placed on and removed from the stage only 
when the 4× objective is in place. Removing a slide when the higher 
objectives are in position may scratch the lenses.

 e. Look through the ocular and bring the letter into rough focus by 
slowly focusing upward using the coarse adjustment.

 f. For binocular microscopes, looking through the oculars, move the 
oculars until you see only one image of the letter e. In this position, 
the oculars should be aligned with your pupils. In the margin of 
your lab manual, make a note of the interpupillary distance on the 
scale between the oculars. Each new lab day, before you begin to use 
the microscope, set this distance.

 g. Raise the condenser to its highest position, and fully close the iris 
diaphragm.

 h. Looking through the ocular, slowly lower the condenser just until 
the graininess disappears. Slowly open the iris diaphragm just until 
the entire field of view is illuminated. This is the correct position 
for both the condenser and the iris diaphragm.

 i. Rotate the 10× objective into position.
 j. Look through the ocular and slowly focus upward with the coarse 

adjustment knob until the image is in rough focus. Sharpen the 
 focus using the fine adjustment knob.

 Do not turn the fine adjustment knob more than two revolu-
tions in either direction. if the image does not come into focus, return 
to 10× and refocus using the coarse adjustment.
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 p. After the 40× objective is in place, focus using the fine adjustment 
knob.

 k. For binocular microscopes, cover your left eye and use the fine 
 adjustment knob to focus the fixed (right) ocular until the letter 
e is in maximum focus. Now cover the right eye and, using the 
 diopter ring on the left ocular, bring the image into focus. The letter 
e should now be in focus for both of your eyes. Each new lab day, 
as you begin to study your first slide, repeat this procedure.

 l. You can increase or decrease the contrast by adjusting the iris dia-
phragm opening. Note that the maximum amount of light provides 
little contrast. Adjust the aperture until the image is sharp.

 m. Move the slide slowly to the right. In what direction does the image 
in the ocular move?

 n. Is the image in the ocular inverted relative to the specimen on the 
stage?

 o. Center the specimen in the field of view; then rotate the 40× objec-
tive into position while watching from the side. If it appears that the 
objective will hit the slide, stop and ask for assistance.

 Most of the microscopes have parfocal lenses, which means 
that little refocusing is required when moving from one lens to an-
other. if your scope is not parfocal, ask your instructor for assistance.

 Never focus with the coarse adjustment knob when you are 
using the high-power objective.

 q. The distance between the specimen and the objective lens is called 
the working distance. Is this distance greater with the 40× or the 
10× objective?

 3. Compute the total magnification of the specimen being viewed. To do 
so, multiply the magnification of the ocular lens by that of the objective 
lens.

 a. What is the total magnification of the letter as the microscope is 
now set?
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 b. What would be the total magnification if the ocular were 20× and 
the objective were 100× (oil immersion)? This is the magnification 
achieved by the best light microscopes.

 4. Measure the diameter of the field of view. Once you determine the size 
of the field of view for any combination of ocular and objective lenses, 
you can determine the size of any structure within that field.

 a. Rotate the 4× objective into position and remove the letter slide.
 b. Place a clear ruler on the stage, and focus on its edge.
 c. The distance between two lines on the ruler is 1 mm. What is the 

diameter (mm) of the field of view?

 d. Convert this measurement to micrometers (μm), a more commonly 
used unit of measurement in microscopy (1 mm = 1,000 μm).

 e. Measure the diameters of the field of view for the 10× and 40× 
 objectives, and enter all three in the spaces below to be used for 
 future reference.

4× = 10× = 40× =

 f. What is the relationship between the size of the field of view and 
magnification?

 5. Determine spatial relationships. The depth of field is the thickness of 
the specimen that may be seen in focus at one time. Because the depth 
of focus is very short in the compound microscope, focus up and down 
to clearly view all planes of a specimen.

 a. Rotate the 4× objective into position and remove the ruler. Take 
a slide of crossed threads, wipe it with a Kimwipe®, and place the 
slide on the stage. Center the slide so that the region where the two 
threads cross is in the center of the stage opening.

 b. Focus on the region where the threads cross. Are both threads in 
focus at the same time?

 c. Rotate the 10× objective into position and focus on the cross. Are 
both threads in focus at the same time?

  Does the 4× or the 10× objective have a shorter depth of field?
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 d. Focus upward (move the stage up) with the coarse adjustment until 
both threads are just out of focus. Slowly focus down using the fine 
adjustment. Which thread comes into focus first? Is this thread lying 
under or over the other thread?

 e. Rotate the 40× objective into position and slowly focus up and 
down, using the fine adjustment only. Does the 10× or the 40× 
 objective have a shorter depth of field?

 6. At the end of your microscope session, use the following procedures to 
store your microscope.

 a. Rotate the 4× objective into position.
 b. Remove the slide from the stage.
 c. Return the phase-contrast condenser to the 0 setting if you have 

used phase-contrast.
 d. Set the light intensity to its lowest setting and turn off the power.
 e. Unplug the cord and wrap it around the base of the microscope.
 f. Replace the dust cover.
 g. Return the microscope to the cabinet using two hands; one hand 

should hold the arm, and the other should support the base.
These steps should be followed every time you store your microscope.

E X E R c i S E  2 . 3

The Stereoscopic Microscope

Materials
stereoscopic microscope microscope slides
dissecting needles droppers of water
living Elodea coverslips

Introduction
The stereoscopic (dissecting) microscope has relatively low magnification, 
7× to 30×, and is used for viewing and manipulating relatively large ob-
jects. The binocular feature creates the stereoscopic effect. The stereoscopic 
microscope is similar to the compound microscope except in the following 
ways: (1) The depth of field is much greater than with the compound mi-
croscope, so objects are seen in three dimensions, and (2) the light source 
can be directed down onto as well as up through an object, which permits 
the viewing of objects too thick to transmit light. Light directed down on 
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the object is called reflected or incident light. Light passing through the 
object is called transmitted light.

Procedure

 1. Remove your stereoscopic microscope from the cabinet and locate the 
parts labeled in Figure 2.2. Locate the switches for both incident and 
transmitted light. In the margin of your lab manual, note any features of 
your microscope that are not shown in the figure. What is the range of 
magnification for your microscope?

 2. Observe an object of your choice at increasing magnification. Select an 
object that fits easily on the stage (e.g., ring, coin, fingertip, pen, ruler).

 a. Place the object on the stage and adjust the interpupillary distance 
(distance between the oculars) by gently pushing or pulling the 
 oculars until you can see the object as a single image.

 b. Change the magnification and note the three-dimensional charac-
teristics of your object.

 c. Adjust the lights, both reflected and transmitted. Which light gives 
you the best view of your object?

Oculars

Movable binocular 
head

Objective

Transmitted light 

Light adjustment knob

Magnification control knob

Incident light

Focus knob

Stage

FIGURE 2.2
The stereoscopic 
(dissecting) 
microscope.  Locate the 
parts of your microscope 
by referring to this 
photograph. Note in the 
margin any features of your 
microscope that are not 
shown in the photograph.
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 4. Observe the structure of the Elodea leaf at increasing magnification.
 a. Place the leaf slide on the stage and adjust the focus. Change the 

magnification and note the characteristics of the leaf at increased 
magnification.

 b. Sketch the leaf in the margin of your lab manual and list, in 
the space below, the structures that are visible at low and high 
magnification.

  Low:

  High:

  Is it possible to see cells in the leaf using the stereoscopic microscope?

  Organelles?

 c. Save your slide for later study. In Exercise 2.5, Lab Study C, you will 
be asked to compare these observations of Elodea with those made 
while using the compound microscope.

 3. Prepare a wet mount of Elodea. Living material is often prepared for 
observation using a wet mount. (The material is either in water or cov-
ered with water prior to adding a coverslip.) You will use this technique 
to view living material under the dissecting and compound microscopes 
(Figure 2.3).

 a. Place a drop of water in the center of a clean microscope slide.
 b. Remove a single leaf of Elodea, and place it in the drop of water.
 c. Using a dissecting needle, place a coverslip at a 45° angle above the 

slide with one edge of the coverslip in contact with the edge of the 
water droplet, as shown.

 d. Lower the coverslip slowly onto the slide, being careful not to trap 
air bubbles in the droplet. The function of the coverslip is threefold: 
(1) to flatten the preparation, (2) to keep the preparation from dry-
ing out, and (3) to protect the objective lenses. Over long periods 
of time, the preparation may dry out, at which point water can be 
added to one edge of the coverslip.

FIGURE 2.3
Preparation of a wet mount. 
Place a drop of water and your 
specimen on the slide. Using a 
dissecting needle, slowly lower a 
coverslip onto the slide, being careful 
not to trap air bubbles in the droplet.

 Specimens can be viewed without a coverslip using the 
 stereoscopic microscope, but a coverslip must always be used with 
the compound microscope.
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E X E R c i S E  2 . 4

The Transmission Electron Microscope

Materials
demonstration resources for the electron microscope
electron micrographs

Introduction
The transmission electron microscope (TEM) magnifies objects approxi-
mately 1,000× larger than a light microscope can (up to 1,000,000×). This 
difference depends on the resolving power of the electron microscope, 
which allows the viewer to see two objects of comparable size that are close 
together and still be able to recognize that they are two objects rather than 
one. Resolving power, in turn, depends on the wavelength of light passed 
through the specimen: the shorter the wavelength, the greater the resolu-
tion. Because electron microscopes use electrons as a source of illumination 
and electrons have a much shorter wavelength than does visible light, the 
resolving power of electron microscopes is much greater than that of light 
microscopes. Both the electron and light microscopes can be equipped 
with lenses that allow for tremendous magnification, but only the electron 
 microscope has sufficient resolving power to make these lenses useful.

Procedure

 1. Compare the features of the light and electron microscopes (Figure 2.4).
 a. Name three structures found in both microscopes.

 b. What is the energy source for the electron microscope?

  For the compound microscope?

 c. Describe how the lenses differ for the two microscopes.

 2. Using the resources provided by your instructor, review the procedures 
and materials used to prepare specimen for electron microscopy. Websites 
that describe electron microscopy are listed at the end of this lab topic.

 3. Although the magnifying power of an electron microscope is much 
greater than that of a light microscope, one important disadvantage 
of studying cells with the transmission electron microscope is that the 
process for preparing cells and tissues kills the cells. Define the follow-
ing terms associated with electron microscopy. As you define these 
terms, you will understand why living cells cannot be studied with a 
transmission electron microscope.
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FIGURE 2.4
Comparison of light microscope and electron microscope. The 
source of illumination is light for the light microscope and electrons for the electron 
microscope. The image is magnified by glass objectives in light microscopy and by 
electromagnets in electron microscopy.

a. Light microscope

Light source

Condenser lens

Specimen

Objective lens

Ocular lens

Eye

b. Electron microscope

Final image on
photographic plate
or screen

Binoculars

Eye

Objective lens

Specimen

Condenser lens

Electron source

 fixation: 

embedding in plastic: 

staining with heavy metals: 

glass or diamond knife: 

ultramicrotome: 

fluorescent screen: 

 4. In addition to the transmission electron microscope (TEM), there is an 
additional type of electron microscope that is frequently used for spe-
cific purposes when studying cells and tissues, and even whole organ-
isms. This microscope is called a scanning electron microscope (SEM). 
Using your text or the Web, investigate the use of scanning electron 
microscopy for biological applications.

  When would it be appropriate to use the SEM rather than the TEM?
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 5. When a transmission electron microscope is used, cells are usually 
studied using electron micrographs, photographs taken of the image 
seen on the fluorescent screen. Observe the electron micrographs in 
Figure 2.5a and b, respectively, a plant cell and an animal cell. Other 
micrographs may be on demonstration in the laboratory, and also check 
your lecture text for examples. Working with your lab partner, see if you 
can identify and label the following organelles and structures in Figure 2.5 
and in other micrographs on demonstration in the laboratory. 

  plasma membrane, cell wall, nucleus, chloroplast, mitochondria, large cen-
tral vacuole, Golgi apparatus, lysosome, endoplasmic reticulum, ribosome

  Predict which of these organelles will not be visible when studying plant 
and animal cells using the light microscope. Underline those  structures 
in the above list. Return to this activity after you have completed 
 Exercise 2.5, Lab Study C, to confirm your predictions.

E X E R c i S E  2 . 5

The Organization of Cells

In this exercise, you will examine the features common to all eukaryotic 
cells that are indicative of their common ancestry. However, you will 
 observe that all cells are not the same. Some organisms are unicellular 
(single-celled), with all living functions (respiration, digestion, reproduc-
tion, and excretion) handled by that one cell. Others form random, tem-
porary aggregates, or clusters, of cells. Clusters composed of a consistent 
and predictable number of cells are called colonies. Simple colonies are 
clusters of cells of similar types with a predictable structure, but the cells 

a. b.

FIGURE 2.5
Cells as seen in a transmission electron microscope. (a) Electron 
micrograph of a plant cell. (b) Electron micrograph of a rat pancreas cell. The large 
dark bodies in the cytoplasm are secretory globules.
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have no physiological connections. More complex colonies have cells of 
different types. In some colonial algae the cells are called somatic cells 
(cells that are not reproductive) and reproductive cells (cells that specialize 
in reproduction). In these colonies, if either type of cell is isolated from the 
colony, it may be reproductive, dividing and producing new colonies.

Other algae may contain both cell types, somatic and reproductive, but their 
somatic cells never become reproductive, even when isolated. Furthermore, 
their reproductive cells cannot persist independently, but must be associ-
ated with somatic cells to live. These algae are described as multicellular. 
They demonstrate the following two defining features:

•	 Multicellular organisms consist of two or more types of cells with 
 specialized structure and function.

•	 If any one of the cell types of the organism is isolated, it is not capable 
of perpetuating the species in nature.

In more complex algae, fungi, plants, and animals, specialized cell types may 
be organized into tissues that perform particular functions for the organism. 
Tissues, in turn, may combine to form organs, and tissues and organs com-
bine to form a coordinated single organism.

In this exercise, you will examine selected unicellular, aggregate, colonial, 
and multicellular organisms.

Lab Study A. Unicellular Organisms

Materials
microscope slides coverslips
culture of Amoeba dissecting needles
living termites insect Ringers
forceps

Introduction
Unicellular eukaryotic organisms may be autotrophic (photosynthetic) or 
heterotrophic (deriving food from other organisms or their by-products). 
These diverse organisms, called protists, will be studied in detail in Lab 
Topic 14.

Procedure

 1. Examine a living Amoeba (Figure 2.6) under the compound microscope. 
Amoebas are aquatic organisms commonly found in ponds. To transfer 
a specimen to your slide, follow these procedures:

 a. Place the culture dish containing the amoeba under the  dissecting 
microscope, and focus on the bottom of the dish. The amoeba 
will appear as a whitish, irregularly shaped organism attached 
to the bottom.

Pseudopodia

Ectoplasm

Contractile 
vacuole

Cell membrane

Food 
vacuole

Nucleus

Endoplasm

Ectoplasm

Food vacuoleContractile vacuole

NucleusEndoplasm

FIGURE 2.6
Amoeba. An amoeba moves using 
pseudopodia. Observe the living 
organisms using the compound 
microscope.
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 2. Examine Trichonympha under a compound microscope. You will first 
have to separate the Trichonympha (Figure 2.7) from the termite with 
which it lives in a symbiotic relationship. Trichonympha and other 
organisms occupy the gut of the termites, where they digest wood par-
ticles eaten by the insect. Termites lack the enzymes necessary to digest 
wood and are dependent on Trichonympha to make the nutrients in the 
wood available to them. Trichonympha has become so well adapted to 
the environment of the termite’s gut that it cannot survive outside of it.

  To obtain a specimen:
 a. Place a couple of drops of insect Ringers (a saline solution that is 

isotonic to the internal environment of insects) on a clean micro-
scope slide.

 b. Using forceps or your fingers, transfer a termite into the drop 
of Ringers.

 b. Using a clean pipette (it is important not to interchange pipettes 
 between culture dishes), transfer a drop with several amoebas to 
your microscope slide. To do this, squeeze the pipette bulb  before 
you place the tip under the surface of the water. Disturbing the 
 culture as little as possible, pipette a drop of water with debris 
from the bottom of the culture dish. You may use your stereoscopic 
 microscope to scan the slide to locate amoebas before continuing.

 c. Cover your preparation with a clean coverslip.
 d. Under low power on the compound scope, scan the slide to locate 

an amoeba. Center the specimen in your field of view; then switch 
to higher powers.

 e. Identify the following structures in the amoeba:
  The cell membrane is the boundary that separates the organism 

from its surroundings.
  Ectoplasm is the thin, transparent layer of cytoplasm directly 

 beneath the cell membrane.
  Endoplasm is the granular cytoplasm containing the cell organelles.
  The nucleus is the grayish, football-shaped body that is somewhat 

granular in appearance. This organelle, which directs the cellular 
 activities, will often be seen moving within the endoplasm.

  Contractile vacuoles are clear, spherical vesicles of varying sizes 
that gradually enlarge as they fill with excess water. Once you’ve 
located a vacuole, watch it fill and then empty its contents into 
the surrounding environment. These vacuoles serve an excretory 
function for the amoeba.

  Food vacuoles are small, dark, irregularly shaped vesicles within 
the endoplasm. They contain undigested food particles.

  Pseudopodia (“false feet”) are fingerlike projections of the 
 cytoplasm. They are used for locomotion as well as for trapping 
and  engulfing food in a process called phagocytosis.

Wood  
particles 

Flagella

Nucleus

Nucleus

Flagella

Wood
particles

FIGURE 2.7
Trichonympha. A community 
of microorganisms, including 
Trichonympha, inhabits the intestine of 
the termite. Following the procedure in 
Exercise 2.5, Lab Study A, disperse the 
microorganisms and locate the cellular 
structures in Trichonympha.

 Student Media Videos—ch. 28: amoeba; amoeba pseudopodia
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 i. Locate the following structures under highest power.
  Flagella are the long, hairlike structures on the outside of the 

 organism. The function of the flagella is not fully understood. 
Within the gut of the termite, the organisms live in such high 
 density that movement by flagellar action seems unlikely and 
 perhaps impossible.

  The nucleus is a somewhat spherical organelle near the middle of 
the organism.

  Wood particles may be located in the posterior region of the organism.

Lab Study B. Aggregate and Colonial Organisms

Materials
microscope slides coverslips
dissecting needles cultures of Protococcus and
forceps  Scenedesmus

Introduction
Unlike unicellular organisms, which live independently of each other, 
 colonial organisms are cells that live in groups and are to some degree 
 dependent on one another. The organisms studied in this exercise show 
an increasing degree of interaction among cells.

Procedure

 1. Examine Protococcus under the compound microscope. Protococcus 
(Figure 2.8) is a terrestrial green alga that grows on the north sides of 
trees and is often referred to as “moss.”

 a. To obtain a specimen, use a dissecting needle to brush off a small 
amount of the green growth on the piece of tree bark provided into 
a drop of water on a clean microscope slide. Avoid scraping bark 
onto the slide. Cover the preparation with a clean coverslip.

 c. Place the slide under the dissecting microscope.
 d. Place the tips of dissecting needles at either end of the termite and 

pull in opposite directions.
 e. Locate the long tube that is the termite’s intestine. Remove all the 

larger parts of the insect from the slide.
 f. Using a dissecting needle, mash the intestine to release the 

Trichonympha and other protozoa and bacteria.
 g. Cover your preparation with a clean coverslip.
 h. Transfer your slide to the compound microscope and scan the slide 

under low power. Center several Trichonympha in the field of view 
and switch to higher powers.

 Several types of protozoans and bacteria will be present in  
the termite gut.

Cell wall

FIGURE 2.8
Protococcus. Protococcus is a 
terrestrial green alga that forms loose 
aggregates on the bark of trees.
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 b. Observe at highest power that these cells are aggregates: The 
size of the cell groupings is random, and there are no  permanent 
connections between cells. Each cell is surrounded by a cell 
 membrane and an outer cell wall.

 c. Observe several small cell groupings and avoid large clumps of cells. 
Cellular detail may be obscure.

 2. Examine living Scenedesmus under the compound microscope. 
Scenedesmus (Figure 2.9) is an aquatic green alga that is common in 
aquaria and polluted water.

 a. To obtain a specimen, place a drop from the culture dish (using a 
clean pipette) onto a clean microscope slide, and cover it with a 
clean coverslip.

 b. Observe that the cells of this organism form a simple colony: The 
cells always  occur in groups of from four to eight cells, and they are 
permanently united.

 c. Identify the following structures.
  The nucleus is the spherical organelle in the approximate middle  

of each cell.
  Vacuoles are the transparent spheres that tend to occur at either 

end of the cells.
  Spines are the transparent projections that occur on the two end cells.
  Cell walls surround each cell.

Lab Study C. Multicellular Organisms

Materials
microscope slides methylene blue
dropper bottles of water finger bowl with disinfectant
toothpicks broken glass chips
coverslips Volvox cultures
Elodea

Introduction
Review the criteria for characterizing an organism as multicellular in the 
introduction of Exercise 2.5 on pp. 74–75. Recall that multicellular organ-
isms have two or more cell types with specialized structure and function 
that cannot persist when isolated from other cells in the organism. If these 
cells are isolated, they are not capable of perpetuating the species. In this lab 
study, you will examine an example of a green alga, a plant, and an animal 
to investigate the criteria for multicellularity and observe cells that compose 
basic tissue types.

Procedure
Volvox
Volvox (Figure 2.10) is an aquatic green alga that is common in aquaria, 
ponds, and lakes. In older literature this organism was described as colonial 
and was not considered to be multicellular. Today, however, scientists have 
concluded that it is more accurate to call Volvox multicellular. In this activ-
ity you will look for evidence that supports this conclusion.

Nucleus

Vacuole

Chloroplast

Cell wall

Spines

Spine

Cell wall

Chloroplast

Nucleus

FIGURE 2.9
Scenedesmus. Scenedesmus is an 
aquatic alga that usually occurs in 
simple colonies of four cells connected 
by the cell wall.
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 1. Examine living Volvox under the compound microscope. To obtain a 
specimen, prepare a wet mount as you did for Scenedesmus with the 
following addition: Before placing a drop of the culture on your slide, 
place several glass chips on the slide. This will keep the coverslip from 
crushing these spherical organisms.

 2. Observe that the cells of this organism lie in a transparent matrix form-
ing a large hollow sphere. The approximately 500 to 50,000 (depend-
ing on the species) nonreproductive somatic cells are permanently 
united by cytoplasmic connections. These cells have chloroplasts for 
photosynthesis and flagella that beat in a coordinated motion to move 
the colony like a ball. During asexual reproduction, certain cells in 
the sphere (reproductive cells) enlarge and migrate inward to become 
daughter colonies.

 3. Identify the following structures: somatic cells with cytoplasmic 
 connections and flagella. Depending on the magnification of your 
microscope, you may be able to distinguish cell walls and nuclei in the 
cells. Daughter colonies are smaller spheres within the larger colony. 
These are released when the parent colony disintegrates.

FIGURE 2.10
Volvox. In this organism, the 
individual cells are interconnected 
by cytoplasmic strands to form a 
sphere. Small clusters of cells, called 
daughter colonies, are specialized for 
reproduction.

Daughter 
colonies

Cell wall

Nucleus

Cytoplasmic strand

Daughter
colonies

 Student Media Video—ch. 28: Volvox colony

Plant Cells
 1. The major characteristics of a typical plant cell are readily seen in the 

leaf cells of Elodea, a common aquatic plant (Figure 2.11). Prepare a wet 
mount and examine one of the youngest (smallest) leaves from a sprig 
of Elodea under the compound microscope.

 2. Identify the following structures.
  The cell wall is the rigid outer framework surrounding the cell. This 

structure gives the cell a definite shape and support. It is not found in 
animal cells.

  Protoplasm is the organized contents of the cell, exclusive of the cell wall.
  Cytoplasm is the protoplasm of the cell, exclusive of the nucleus.
  The central vacuole is a membrane-bound sac within the cytoplasm 

that is filled with water and dissolved substances. This structure serves 
to store metabolic wastes and gives the cell support by means of turgor 
pressure. Animal cells also have vacuoles, but they are not as large and 
conspicuous as those found in plants.

  Chloroplasts are the green, spherical organelles often seen moving 
within the cytoplasm. These organelles carry the pigment chlorophyll 
that is involved in photosynthesis. As the microscope light heats up the 
cells, cytoplasm and chloroplasts may begin to move around the central 
vacuole in a process called cytoplasmic streaming, or cyclosis.

  The nucleus is the usually spherical, transparent organelle within the 
cytoplasm. This structure controls cell metabolism and division.

 3. What three structures observed in Elodea are unique to plants?
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 4. Compare your observations of Elodea using the compound scope with 
those made in Exercise 2.3 using the stereoscopic scope. List the struc-
tures seen with each:
Stereoscopic:

Compound:

Animal Cells
 1. Animals are multicellular heterotrophic organisms that ingest organic 

matter. They are composed of cells that can be categorized into four 
major tissue groups: epithelial, connective, muscle, and nervous tissue. 
In this lab study, you will examine epithelial cells. Similar to the epider-
mal cells of plants, epithelial cells occur on the outside of animals and 
serve to protect the animals from water loss, mechanical injury, and 
foreign invaders. In addition, epithelial cells line interior cavities and 
ducts in animals. Examine the epithelial cells (Figure 2.12) that form the 
lining of your inner cheek. To obtain a specimen, follow this procedure:

 a. With a clean toothpick, gently scrape the inside of your cheek 
 several times.

 b. Roll the scraping into a drop of water on a clean microscope slide, 
add a small drop of methylene blue, and cover with a coverslip. 
 Discard the used toothpick in disinfectant.

 c. Using the compound microscope, view the cells under higher powers.
 2. Observe that these cells are extremely flat and so may be folded over 

on themselves. Attempt to locate several cells that are not badly folded, 
and study their detail.

 3. Identify the following structures.
The cell membrane is the boundary that separates the cell from its 
surroundings.
The nucleus is the large, circular organelle near the middle of the cell.
Cytoplasm is the granular contents of the cell, exclusive of the nucleus.

Lab Study D. Unknowns

Materials
microscope slides
coverslips
pond water or culture of unknowns

Introduction
Use this lab study to see if you have met the objectives of this lab topic. 
As you carry out this lab study, (1) think carefully about using correct 

Cell
membrane

Nucleus

Cytoplasm

Nucleus

Cell
membrane

Cytoplasm

FIGURE 2.12
Human epithelial cells. The 
epithelial cells that line your cheek 
are thin, flat cells that you can remove 
easily from your cheek by scraping it 
with a toothpick.

 Student Media Video—ch. 7: cytoplasmic Streaming

Chloroplast

Nucleus

Cytoplasmic
strands

Vacuole

Nucleus

Cytoplasmic
strands

Chloroplast

FIGURE 2.11
Elodea. Elodea is an aquatic plant 
commonly grown in freshwater aquaria. 
The cell structures may be difficult to 
see because of the three-dimensional 
cell shape and the presence of a large 
central vacuole.
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microscopic techniques; (2) distinguish organisms with different cellular 
organization or configuration (unicellular, colonial, etc.); (3) note how the 
different organisms are similar yet different; and (4) note cell differences.

All of the cells studied to this point in this lab topic have been examples 
of eukaryotic cells. As you examine drops of pond water as described in 
the following procedure, you may observe examples of prokaryotic cells in 
colonies or filaments. Eukaryotic cells have a true nucleus containing chro-
mosomes with genetic material separated from the remainder of the cell by 
a nuclear envelope. All cellular organelles are also bound by membranes. 
In prokaryotic cells genetic material is not bound by a nuclear envelope, 
and no membrane-bound organelles are present. Prokaryotic cells will be 
studied in more detail in Lab Topic 13 Bacteriology.

Procedure

 1. Examine several drops of the culture of pond water that you collected, 
or examine the unknown culture provided by the instructor.

 2. Record in Table 2.1 the characteristics of at least four different organisms.
 3. Determine if a well-defined nucleus and organelles are present (eukaryote).

Unknown Means of Locomotion
Cell Wall  

(+/–)
Chloroplasts 

(+/–) Cellular Organization
Eukaryote  

(yes or no)

1          

2          

3          

4          

5          

TABLE 2.1 Characteristics of Organisms Found in Pond Water

Reviewing Your Knowledge

 1. Describe at least two types of materials or observations that would 
 necessitate the use of the stereoscopic microscope.

 2. What characteristics do all prokaryotic cells have in common?

 3. a. Do animal cells have vacuoles? If yes, what is their function?

b. How are the structures that are unique to plants important to their 
success?
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Applying Your Knowledge

 1. Where do you think unicellular, multicellular, and colonial organisms fit 
in the order of evolution? Suggest examples of each type from this lab to 
illustrate your answer.

 2. What are the main advantages of being a multicellular organism rather 
than a unicellular organism? Can you think of any disadvantages?

 3. Following is a list of tissues that have specialized functions and demon-
strate corresponding specialization of subcellular structure. Match the 
tissue with the letter of the cell structures and organelles listed to the 
right that would be abundant in these cells. Use your text for a descrip-
tion of any organelles or structures that are unfamiliar to you.

Tissues
• Cardiac muscle cells in the heart

•  Salivary glands of a snake that 
produces venom

•  Cells lining the oviducts of the 
 female reproductive system

•  White blood cells that engulf and 
destroy invading bacteria

• Leaf cells of an oak tree

Cell Structures  
and Organelles
 a. plasma membrane
b. mitochondria
 c. Golgi apparatus
d. chloroplast
 e. endoplasmic reticulum
 f. cilia and flagella
g. vacuole
h. ribosome
 i. lysosome

 4. Return to Step 5, p. 74. Based on your observations in today’s labora-
tory, circle those organelles that are visible in the light microscope. 
Compare your observations with your initial predictions.

 5. Review the criteria used to distinguish between colonial and multicel-
lular organisms. Why is Volvox now considered multicellular?
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 4. One organism found in a termite’s gut is Mixotricha paradoxa. This 
strange creature looks like a single-celled swimming ciliate under low 
magnification. However, the electron microscope reveals that it con-
tains spherical bacteria rather than mitochondria and has on its surface, 
rather than cilia, hundreds of thousands of spirilla and bacilla bacteria. 
You are the scientist who first observed this organism. How would you 
describe this organism—single-celled? aggregate? colony? multicellular? 
Review definitions of these terms on pp. 74–75. Can the structure of 
this organism give you any insight into the evolution of eukaryotic cells? 
(Hint: See the discussion of the endosymbiosis hypothesis in your text.)

 5. Pleodorina is an aquatic green alga that is common in ponds, lakes, and 
roadside ditches. This organism is made up of 32 to 128 cells that are 
embedded in a gel-like matrix. In mature colonies two types of cells can 
be distinguished, small somatic cells and larger reproductive cells that 
divide to form new colonies. Somatic cells carry on photosynthesis, but 
may become reproductive if isolated from the colony.

  Review the criteria used to determine multicellularity, and decide if 
 Pleodorina should be classified as multicellular or colonial.

Gel matrix

Reproductive cells

Somatic cells

Investigative Extensions

 1. Survey bodies of water surrounding your campus and assess the envi-
ronmental conditions. Obtain samples of organisms in ponds, lakes, or 
rivers from several sites with different environmental conditions. Are 
some sites more polluted than others? Are there temperature differ-
ences? If a fountain is available on campus, compare this site with water 
in a pond that has no fountain (less water movement). You may find a 
site near the power-generating facility of your campus.

  Measure and note as many independent variables as possible— 
temperature of the water, relative levels of pollution, surroundings  
(near an open space, between buildings, etc.).

  List types of organisms observed. Describe the characteristics of organ-
isms. Note differences in density and diversity of organisms in samples 
taken from different sources.

 2. Investigate additional organelles in plants. Plants have specific cellular 
structures related to their lives as plants. For example, plants use chlo-
rophyll pigments bound in the membranes of chloroplasts to absorb 
wavelengths of light that fuel photosynthesis. The starch synthesized in 
photosynthesis is later stored in special organelles called leucoplasts 
or amyloplasts. Plants are colorful (think of the many functions of 
color in plants). Some of these colorful pigments are water soluble and 
stored in vacuoles, but others, including some of the brightly colored 
carotenoids (reds, yellows, oranges) are membrane bound in organelles 
called chromoplasts. Chloroplasts, chromoplasts, and leucoplasts are 
three kinds of plastids, all of which are similar in structure and typically 
found in plant cells.
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