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PREFACE

This lab manual is dedicated to the many students and
colleagues who have been my patient teachers. | hope
that it returns some of what has been learned so that a
new generation of biologists may soon add to our won-
der of nature’s ways while advancing our understanding
of life’s diverse forms and processes.

As reflected in the subtitle, this lab manual reflects
fundamental biological principles based on the common
thread of evolution: form reflects function; unity despite
diversity; and the adaptive processes of life. The manual
was written for use in a two-semester introductory bio-
logy course serving life science majors. | have empha-
sized investigatory, quantitative, and comparative ap-
proaches to studying the life sciences and have
integrated physical sciences principles where appropri-
ate. In choosing topics for inclusion, | sought to achieve
a balance between experimental, observational, and
comparative activities. The comments of several expert
reviewers were incorporated into this revision, clarifying
many points from previous editions. The activities in-
cluded in each lab topic have been tested in multisection
lab courses and are known to work well in the hands of
students.

Throughout the manual, the concept of hypothesis
festing as the basic method of inquiry has been empha-
sized. Starting with lab topic 1 on the scientific method,
and reiterated in experimental topics throughout the
manual, students are asked to form hypotheses to be
tested during their lab work and then are asked to reach
a conclusion to accept or reject their hypotheses. Hy-
pothesis testing and a comparative trend analysis also
have been added info the more traditional labs dealing
with diversity so that students are guided to look across
several labs in reaching conclusions. Labs investigating
physiological systems and morphology emphasize the
concept of form reflects function. Comparative activities
are included to demonstrate the adaptations found in
several organisms.

Nature of the Revisions

Several major changes were made in this edition. The
plant section was thoroughly revised. The old plant phy-
logeny lab topic is now divided into two topics, the seed-
less and seed plants, fo better reflect the time needed to
study plant phylogeny, and alternation of generations is
given greater emphasis. The section on the functional bi-
ology of angiosperms was also extensively revised. The

X

old transport lab topic was divided into two lab topics,
one emphasizing plant tissue systems and primary root
structure, and the other emphasizing primary and sec-
ondary growth in stems. In addition some experiments
were changed in other labs. In Lab Topic 1 about the sci-
entific method, the experiment was changed from one
testing physical fitness to one that emphasizes reaction
time so that less athletic students will feel included and the
results are not as predictable before the experiment. A
new fruit fly experiment has been added which has more
of an investigative theme requiring students to determine
the genotypes of unknowns they are given. It can be com-
pleted in two weeks rather than the four required for the
old experiments. The micrdevolution lab topic was rewrit-
ten and now includes student activities and computer sim-
ulations to teach the Hardy:Weinberg Principle instead of
drawing beads from a container to illustrate statistical
sampling. The taxonomic classifications for bacteria and
protists were updated to reflect current thinking and the
information in textbooks. In several of the exercises, the
student activities were streamlined deleting experiments
that usually were not performed for lack of time. All exer-
cises were edited to improve clarity based on experience
with students at lowa State University.

New teaching elements were added as well. Each
lab topic now starts with a Pre-lab Preparation section.
In this section key vocabulary terms are listed and key
concepts are named. The expectation is that students will
realize that they must study vocabulary and concepts
before coming to lab. Lab instructors can reinforce this
realization by giving short quizzes before starting lab
work. At the end of each lab topic, there is a section en-
titled “Learning Biology by Writing.” For those depart-
ments that have strong writing-across-the-curriculum
emphases, the suggested assignments will complement
their goals. Several new Critical Thinking and Lab Sum-
mary Questions have also been added at the end of
each lab topic.

Organization of Lab Topics

The lab topics have a standard format. All start with the
Pre-lab Preparation section. This is followed by a list of
equipment, organisms, and solutions to be used during
the lab, informing students about what they will en-
counter in the lab. A brief introduction explains the bio-
logical principles to be investigated. These infroductions
are not meant to replace a textbook. They are included




to summarize ideas that students will have had in lecture
and fo discuss how they apply to the lab. The lab instruc-
tions are detailed and allow students o proceed at their
own pace through either experimental or observational
lab work. Dangers are noted and explained. Data tables
help students organize their lab observations. Questions
are interspersed to avoid a cookbook approach to sci-
ence and spaces are provided for answers and skefches.
New terms are in boldface the first time used and are
followed by a definition. At the end of each lab topic,
several alternative suggestions are given for summariz-
ing the lab work. A Learning Biology by writing section
usually describes a writing assignment or lab report.
Critical thinking questions emphasize applications. A lab
summary based on several questions organizes the re-
porting of lab activities in a more stepwise approach. An
Internet sources section points the students toward infor-
mation sources on the WWW. Appendices include dis-
cussions of the use of significant figures, directions on
making graphs, a description of elementary statistics,
and instructions of how to write a lab report.

WWW Site

Under the sponsorship of McGraw-Hill, a WWW site has
been established for this manual at http//www.mhhe.com/
dolphin/

There you will find a preparator’s manual giving
recipes of chemical solutions and sources of supplies for
each of the exercises. Also included is a list of links to
other WWW sites which have materials relevant to the
topics that students are investigating in the labs. If you
know of links that should be included, please send them
to me by E-mail (wdolphin@iastate.edu).
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LAB TOPIC 1

Supplies

Preparator’s guide available at
http://www.mhhe.com/dolphin

Materials

Meter sticks

Photo copies of newspaper, magazine, and journal
articles about biology (AIDS, rainforests, or cloning
would be good examples, especially if articles
were coordinated so students see same material
intended for different audiences.)

Prelab Preparation

Before doing this lab, you should read the introduction
and sections of the lab topic that have been scheduled
by the instructor.

You should use your textbook to review the
definitions of the following terms:

Dependent variable
Hypothesis
Independent variable
Scientific literature

You should be able to describe in your own words
the following concepts:

Critical reading
Experimental design
Reaction time
Scientific method

As a result of this review, you most likely have
questions about terms, concepts, or how you will do
the experiments included in this lab. Write these
questions in the space below or in the margins of the
pages of this lab topic. The lab experiments should
help you answer these questions, or you can ask your
instructor for help during the lab.

1-1

Objectives

1. To understand the central role of hypothesis testing
in the modern scientific method

2. To design and conduct an experiment using the
scientific method

3. To summarize sample data as charts and graphs;
to learn to draw conclusions from data

4. To evaluate writing for its science content and style

Background

Many dictionaries define science as a body of knowledge
dealing with facts or truths concerning nature. The em-
phasis is on facts, and there is an implication that ab-
solute truth is involved. Ask scientists whether this is a
reasonable definition an‘d few will agree. To them, sci-
ence is a process. It involves gathering information in a
certain way to increase; humankind’s understanding of
the facts, relationships, and laws of nature. At the same
time, they would add that this understanding is always
considered tentative and subject to revision in light of
new discoveries.
Science is based on three fundamental principles:

The principle of unification indicates that any explanation
of complex observations should invoke a simplicity of
causes such that the simplest explanation with the least
modifying statements is considered the best; also known
as the law of parsimony.

The second principle is that causality is universal; when
experimental conditions are replicated, identical results
will be obtained regardless of when or where the work is
repeated. This principle allows science to be self-
analytical and self-correcting, but it requires a standard
of measurement and calibration to make results
comparable.

The third principle is that of the uniformity of nature;
it states that the future will resemble the past so that
what we learned yest®rday applies tomorrow.

For many, science is just a refined way of using com-
mon sense in finding answers to questions. During our
everyday lives, we try to determine cause and effect rela-
tionships and presume that what happened in the past has a
high probability of happening in the future. We look for re-
lationships in the activities that we engage in, and in the
phenomena that we observe. We ask ourselves questions
about these daily experiences and often propose tentative
explanations that we seek to confirm through additional
observations. We interpret new information in light of
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previous proposals and are always making decisions about
whether our hunches are right or wrong. In this way, we
build experience from the past and apply it to the future.
The process of science is similar.

The origin of today’s scientific method can be found in
the logical methods of Aristotle. He advocated that three
principles should be applied to any study of nature:

1. One should carefully collect observations about the
natural phenomenon.

2. These observations should be studied to determine the
similarities and differences; i.e., a compare and
contrast approach should be used to summarize the
observations.

3. A summarizing principle should be developed.

While scientists do not always follow the strict order of
steps to be outlined, the modern scientific method starts, as
did Aristotle, with careful observations of nature or with a
reading of the works of others who have reported their ob-
servations of nature. A scientist then asks questions based
on this preliminary information-gathering phase. The ques-
tions may deal with how something is similar to or different
from something else or how two or more observations re-
late to each other. The quality of the questions relates to the
quality of the preliminary observations because it is diffi-
cult to ask good questions without first having an under-
standing of the subject.

After spending some time in considering the questions,
a scientist will state a research hypothesis, a general an-
swer to a key question. This process consists of studying
events until one feels safe in deciding that future events
will follow a certain pattern so that a prediction can be
made. In forming a hypothesis, the assumptions are stated
and a tentative explanation proposed that links possible
cause and effect. A key aspect of a hypothesis, and indeed
of the modern scientific method, is that the hypothesis must
be falsifiable; i.e., if a critical experiment were performed
and yielded certain information, the hypothesis would be
declared false and would be discarded, because it was not
useful in predicting any natural phenomenon. If a hypothe-
sis cannot be proven false by additional experiments, it is
considered to be tentatively true and useful, but it is not
considered absolute truth. Possibly another experiment
could prove it false, even though scientists cannot think of
one at the moment. Thus, recognize that science does not
deal with absolute truths but with a sequence of probabilis-
tic explanations that when added together give a tentative
understanding of nature. Science advances as a result of the
rejection of false ideas expressed as hypotheses and tested
through experiments. Hypotheses that over the years are
not falsified and which are useful in predicting natural phe-
nomena are called theories or principles—for example, the
principles of Mendelian genetics.

Hypotheses are made in mutually exclusive couplets
called the null hypothesis (H,) and the alternative hy-
pothesis (H,). The null hypothesis is stated as a negative
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and the alternative as a positive. For example, when cross-
ing fruit flies a null hypothesis might be that the principles
of Mendelian genetics do not predict the outcomes of the
experiment. The alternative hypothesis would be that
Mendelian principles do predict the outcome of the experi-
ment. As you can see, rival hypotheses constitute alterna-
tive, mutually exclusive statements: both cannot be true.

The purpose in proposing a null hypothesis is to make
a statement that could be proven false if data were avail-
able. Experiments or reviews of previously conducted ex-
periments provide the data and are therefore the means for
testing hypotheses. In designing experiments to test a hy-
pothesis, predictions are made. If the hypothesis is accu-
rate, predictions based on it should be true. In converting a
research hypothesis into a prediction, a deductive reasoning
approach is employed using if-then statements: if the hy-
pothesis is true, then this will happen when an experimental
variable is changed. The experiment is then conducted and
as certain variables are changed, the response is observed.
If the response corresponds to the prediction, the hypothe-
sis is supported and accepted; if not, the hypothesis is falsi-
fied and rejected. .

The design of experiment{ to test hypotheses requires
considerable thought! The variables must be identified, ap-
propriate measures develope% and extraneous influences
must be controlled. The independent variable is that
which will be varied during the experiment; it is the cause.
The dependent variable is the effect; it should change as a
result of varying the independent variable. Control vari-
ables are also identified and are kept constant throughout
the experiment. Their influence on the dependent variable
is not known, but it is reasoned that if kept constant they
cannot cause changes in the dependent variable and confuse
the interpretation of the experiment.
~ Once the variables are defined, decisions must be made
regarding how to measure the effect of the variables. Mea-
sures may be quantitative (numerical) or qualitative (cate-
gorical) and imply the use of a standard. The metric system
has been adopted as the international standard for science.
If the independent variables are to be varied, a decision
must be made concerning the scale or level of the treat-
ments. For example, if something is to be warmed, what
will be the range of temperatures used? Most biological
material stops functioning (dies) at temperatures above
40°C and it would not be productive to test at temperatures
every 10°C throughout the range 0° to 100°C. Another as-
pect of experimental design is the idea of replication: how
many times should the experiment be repeated in order to
have confidence in the results and to develop an apprecia-
tion in the variability of the response.

Once collected, experimental data are reviewed and
summarized to answer the question: does the data falsify or
support the null hypothesis? The research conclusions then
state the decision regarding the acceptability of the null hy-
pothesis and discuss the implications of the decision.

If the experimental data are consistent with the predic-
tions from the null hypothesis, the hypothesis is supported,




but not proven absolutely true. It is considered true only on a
trial basis. If the hypothesis is in a popular area of research,
others may independently devise experiments to test the same
hypothesis. A hypothesis that cannot be falsified, despite re-
peated attempts, will gradually be accepted by others as a de-
scription that is probably true and worthy of being considered
as suitable background material when making new hypothe-
ses. If, on the other hand, the data do not conform to the pre-
diction based on the null hypothesis, the hypothesis is rejected
and the alternative hypothesis is supported.

Modern science is a collaborative activity with people
working together in a number of ways. When a scientist re-
views the work of others in journals or when scientists
work in lab teams, they help one another with interpretation
of data and in the design of experiments. When a hypothe-
sis has been tested in a lab and the results are judged to be
significant, she or he then prepares to share this information
with others. This is done by preparing a presentation for a
scientific meeting or a written article for a journal. In both
forms of communication, the author shares the preliminary
observations that led to the forming of the hypothesis, the
data from the experiments that tested the hypothesis, and
the conclusions based on the data. Thus, the information
becomes public and is carefully scrutinized by peers who
may find a flaw in the logic or who may accept it as a valu-
able contribution to the field. Thus, the scientific discussion
fostered by presentation and publication creates an evalua-
tion function that makes science self-correcting. Only ro-
bust hypotheses survive this careful scrutiny and become
the common knowledge of science.

You will create a research hypothesis, design an ex-
periment to test it, conduct the experiment, summa-
rize the data, and come to a conclusion about the
acceptability of the hypothesis. You will also practice

- evaluating scientific informaticn from various pub-
lished sources.

Using the Scientific Method

Description of the Problem

Working in groups of four, you are to develop a scientific
hypothesis and test it. The topic will be neuromuscular re-
action time. This can be easily measured in the lab by mea-
suring how quickly a person can grasp a falling meter stick.
The person whose reaction time is being measured sits at a
table with her or his forearm on the top and the hand ex-
tended over the edge, palm to the side and the thumb and
forefinger partially extended. A second person holds a
meter stick just above the extended fingers and drops it.
The subject tries to catch it. The distance the meter stick
drops is a measure of reaction time.

1-3

Your assignment is to create a scientifically answerable
question regarding reaction time in individuals with differ-
ent characteristics and to express this as testable hypotheses.
You will then design an experiment to test the hypotheses,
collect the data, analyze, and come to a decision to reject or
accept your hypothesis. For example, you might investigate
the differences between those who play musical instruments
and those who do not or try a more complex design that in-
vestigates gender differences in reaction time for students
who are in some type of athletic training versus those who
are not. The design will depend on the hypotheses that you
decide to test as a group in your lab section. Continuing the
example, you might propose a null hypothesis that there will
be no significant differences in reaction time between musi-
cians and nonmusicians. An alternative hypothesis would be
that there is a significant difference in the reaction times be-
tween the two types.

Summarizing Observations

Start your discussion of this assignment by summarizing the
collective knowledge of your group about neuromuscular
response time. Are these responses the same for all people
or might they vary by athlelf,)ic history, gender, body size,
age, hobbies requiring manual dexterity, left versus right
hand, or other factors? Be syre to consider these factors in
both a qualitative and quantivtative light. You might expect
differences in the physiological responses of those who ex-
ercise. What other factors might influence the response
time? As your group discussion proceeds, make notes
below that summarize the group’s knowledge and observa-
tions about what characteristics influence reaction time.

Asking Questions

Research starts by asking questions which are then refined
into hypotheses. Review the group observations that you
listed and write down scientifically answerable questions
that your group has about reaction time in people with dif-
ferent characteristics. Be prepared to present your group’s
best questions to the class and to record the best questions
from the class on a piece of paper.

Forming Hypotheses

With your group, review the questions posed in the class dis-
cussion. Examine the questions for their answerability. Do
some lack focus? Are they tgo broad? Are others too simple,
with obvious answers? By what criteria would you judge a
good question?
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