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Preface

¢ designed this laboratory manual for an introductory

biology course with a broad survey of basic laboratory
techniques. The experiments and procedures are simple,
safe, easy to perform, and especially appropriate for large
classes. Few experiments require more than one class meet-
ing to complete the procedure. Each exercise includes many
photographs, traditional topics, and experiments that help
students learn about life. Procedures within each exercise
are numerous and discrete so that an exercise can be tailored
to the needs of the students, the style of the instructor, and
the facilities available.

TO THE STUDENT

We hope this manual is an interesting guide to many areas
of biology. As you read about these areas, you'll probably
spend equal amounts of time observing and experimenting.
Don't hesitate to go beyond the observations that we've
outlined—your future success as a scientist depends on your
ability to seek and notice things that others may overlook.
Now is the time to develop this ability with a mixture of
hard work and relaxed observation. Have fun, and learning
will come easily. Also, remember that this manual is de-
signed with your instructors in mind as well. Go to them of-
ten with questions—their experience is a valuable tool that
you should use as you work.

TO THE INSTRUCTOR

This manual'’s straightforward approach emphasizes experi-
ments and activities that optimize students’ investment of
time and your investment of supplies, equipment, and prepa-
ration. Simple, safe, and straightforward experiments are
most effective if you interpret the work in depth. Most
experiments can be done easily by a student in two to three
hours. Terminology, structures, photographs, and concepts
are limited to those the student can readily observe and un-
derstand. In each exercise we have included a few activities
requiring a greater investment of effort if resources are avail-
able, but omitting them will not detract from the objectives.

This manual functions best with an instructor’s guid-
ance, and is not an autotutorial system. We've tried to guide
students from observations to conclusions, to help students
make their own discoveries, and to make the transition from
observation to biological principles. But discussions and inter-
actions between student and instructor are major components

of a successful laboratory experience. Be sure to examine the
“Questions for Further Thought and Study” in each exercise.
We hope they will help you expand students’ perceptions that
each exercise has broad applications to their world.

THE SEVENTH EDITION

All exercises in this edition were critiqued by a review panel of
current users, and their suggested revisions were carefully con-
sidered and incorporated. Classifications schemes presented in
the diversity exercises have been updated to reflect the on-
slaught of molecular data being used in modern systematics.
Introductory material has been reviewed and revised for com-
pleteness. The number of tables and figures has been extended
with more than 70 figures being either revised or replaced.

Darrell S. Vodopich
Randy Moore

Reviewers

We thank the following reviewers for their helpful com-
ments and suggestions during the preparation of this new
edition.
Ralph G.
Benedetto, Jr.
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Welcome to the Biology Laboratory

Welcome to the biology laboratory. Although reading
your texthook and attending lectures are important
ways of learning about biology, nothing can replace the im-
portance of the laboratory. Indeed, in lab you'll get hands-
on experience with what you've heard and read about
biology—for example, you'll observe organisms, do experi-
ments, test ideas, collect data, and make conclusions about
what you've learned. That is, you'll do biology.

You'll enjoy the exercises in this manual—they’re in-
teresting, informative, and can be completed within the
time limits of your laboratory period. We've provided ques-
tions to test your understanding of what you've done; in
some of the exercises, we've also asked you to devise your
own experiments to answer questions that you've posed. To

100

make these exercises most useful and enjoyable, follow the

guidelines discussed below:

THE IMPORTANCE OF COMING TO CLASS

Biology labs are designed to help you experience biology first-

hand. To do that, you must attend class. Indeed, if you want
to do well in your biology course, attend class and pay atten-

tion. To appreciate the importance of class attendance for

making a good grade in your biology course, examine the fol-

lowing graph of how students’ grades in an introductory biol-

ogy course relate to their rates of class attendance. Data are
from a General Biology class, University of Minnesota, 2003.

Grade (%)
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In the space below, write your interpretation of these data.

BEFORE COMING TO LAB

Read the exercise before coming to lab. This will give you a
general idea about what you're going to do, as well as why
you're going to do it. Knowing this will not only save time,
it will also help you finish the experiments.

WHEN IN LAB

1. Don't start the exercise until you've discussed the ex-
ercise with your laboratory instructor. She/he will
give you specific instructions about the lab and tell
you how the exercise may have been modified.

2. Sray focused as you work. You'll be able to finish
each exercise within the allotted time if you stay
busy. You'll not be able to finish the exercise if you
spend your time talking about this weekend’s party or
last week’s big game.

3. Discuss your observations, results, and conclusions
with your instructor and lab partners. Perhaps their
comments and ideas will help you better understand
what you've observed.

4. Always follow instructions and follow safety guide-
lines presented by your instructor.

5.  If you have questions, ask your instructor.

SAFETY IN THE LABORATORY

The exercises in this manual were designed with safety as a
top priority. Always follow these safety precautions:
1. Do not eat, drink, smoke, or apply cosmetics when

in the lab.

2. Use the equipment properly. If you have any ques-
tions or problems, contact your instructor.

3. Clean up spills immediately.

4.  Report all injuries—no matter how
minor—immediately to your instructor.

5.  If you have long hair, tie it back. If you use open
flames, roll up loose sleeves.

6.  Never raste any substance or solution. Do not put
anything in the lab into your mouth.

7.  Treat all live animals gently and with respect.

8.  The locations of lab safety equipment will be pointed
out to you during the first lab. Familiarize yourself
with the location and operation of this equipment.

9. At the end of each lab, clean your work area, wash
your hands thoroughly with soap, and return all
equipment and supplies to their original locations.

AFTER EACH LABORATORY

Soon after each lab, review what you did. What questions
did you answer? What data did you gather? What conclu-
sions did you make?

Also note any questions that remain. Try to answer
these questions by using your textbook or visiting the li-
brary. If you can’t answer the questions, discuss them with
your instructor.

Welcome to the laboratory!

Welcome X



@ Deuterostome development,

Protostome development Endoskeleton




Contents

Preface wii

Welcome to the Biology Laboratory  wiii

Exercise 1
Measurements in Biology: The Metric System
and Data Analysis |

Exercise 2
The Microscope: Basic Skills of Light Microscopy 9

Exercise 3
The Cell: Structure and Function 21

Exercise 4
Solutions, Acids, and Bases: The pH Scale 37

Exercise 5
Biologically Important Molecules: Carbohydrates, Proteins,
Lipids, and Nucleic Acids 45

Exercise 6
Separating Organic Compounds: Column Chromatography,
Paper Chromatography, and Gel Electrophoresis 57

Exercise 7
Spectrophotometry: Identifying Solutes
and Determining Their Concentration 67

Exercise 8
Diffusion and Osmosis: Passive Movement
of Molecules in Biological Systems 79

Exercise 9
Cellular Membranes: Effects of Physical and Chemical Stress 93

Exercise 10
Enzymes: Factors Affecting the Rate of Activity 101

Exercise 11
Respiration: Aerobic and Anaerobic Oxidation
of Organic Molecules 113

Exercise 12
Photosynthesis: Pigment Separation, Starch Production,
and CO; Uptake 125

Exercise 13
Mitosis: Replication of Eukaryotic Cells 137

Exercise 14
Meiosis: Reduction Division and Gametogenesis 147

Exercise 15
Molecular Biology and Biotechnology: DNA Isolation
and Bacterial Transformation 157

Exercise 16
Genetics: The Principles of Mendel 165

Exercise 17
Evolution: Natural Selection and Morphological Change
in Green Algae 175

Exercise 18
Human Evolution: Skull Examination 189

Exercise 19

Ecology: Diversity and Interaction in Plant Communities 197

Exercise 20
Community Succession 207

Exercise 21
Population Growth: Limitations of the Environment 213

Exercise 22
Pollution: The Effects of Chemical, Thermal,
and Acid Pollution 221

Exercise 23
Survey of Bacteria: Kingdoms Archaebacteria

and Bacteria 231

Exercise 24
Survey of the Kingdom Protista: The Algae 247

Exercise 25
Survey of the Kingdom Protista: Protozoa and Slime Molds 261

Exercise 26

Survey of the Kingdom Fungi: Molds, Sac Fungi, Mushrooms,
and Lichens 271

TOC-1




Exercise 27
Survey of the Plant Kingdom: Liverworts, Mosses, and Hornworts
of Phyla Hepaticophyta, Bryophyta, and Anthocerophyta 283

Exercise 28
Survey of the Plant Kingdom: Seedless Vascular Plants of Phyla
Pterophyta, Lycophyta, Psilophyta, and Sphenophyta 293

Exercise 29

Survey of the Plant Kingdom: Gymnosperms of Phyla
Cycadophyta, Ginkgophyta, Coniferophyta,

and Gnetophyta 303

Exercise 30

Survey of the Plant Kingdom: Angiosperms 313

Exercise 31
Plant Anatomy: Vegetative Structure of Vascular Plants 327

Exercise 32
Plant Physiology: Transpiration 341

Exercise 33
Plant Physiology: Tropisms, Nutrition,
and Growth Regulators 347

Exercise 34

Bioassay: Measuring Physiologically Active Substances 359

Exercise 35
Survey of the Animal Kingdom: Phyla Porifera
and Cnidaria 365

Exercise 36
Survey of the Animal Kingdom: Phyla Platyhelminthes
and Nematoda 377

Exercise 37
Survey of the Animal Kingdom: Phyla Mollusca
and Annelida 389

Exercise 38
Survey of the Animal Kingdom: Phylum Arthropoda 401

Exercise 39
Survey of the Animal Kingdom: Phyla Echinodermata,
Hemichordata, and Chordata 415

TOC-2

Exercise 40
Vertebrate Animal Tissues: Epithelial, Connective, Muscular,
and Nervous Tissues 435

Exercise 41
Human Biology: The Human Skeletal System 451

Exercise 42
Human Biology: Muscles and Muscle Contraction 457

Exercise 43
Human Biology: Breathing 465

Exercise 44
Human Biology: Circulation and Blood Pressure 473

Exercise 45

Human Biology: Sensory Perception 485

Exercise 46
Vertebrate Anatomy: External Features
and Skeletal System of the Rat 495

Exercise 47
Vertebrate Anatomy: Muscles and Internal Organs
of the Rat 503

Exercise 48
Vertebrate Anatomy: Urogenital and Circulatory Systems
of the Rat 511

Exercise 49
Embryology: Comparative Morphologies
and Strategies of Development 521

Exercise 50
Animal Behavior: Taxis, Kinesis, and Agonistic Behavior 531

Appendix 1
Dissection of a Fetal Pig 539

Appendix 11
How to Write a Scientific Paper or Laboratory Report 547

Appendix I1I
Conversion of Metric Units to English Units 551

Credits 553

VI CONTENTS



Measurements in Biology
The Metric System and Data Analysis

Objectives

By the end of this exercise you should be able to:

1.  Identify the metric units used to measure length,
volume, mass, and temperature.

2. Measure length, volume, mass, and temperature in
metric units.

3. Convert one metric unit to another (e.g., grams to
kilograms).

4. Use measures of volume and mass to calculate
density.

5. Practice the use of simple statistical calculations
such as mean, median, range, and standard
deviation.

6.  Analyze sample data using statistical tools.

Every day we're bombarded with numbers and measure-
ments. They come at us from all directions, including
while we're at the supermarket, gas station, golf course, and
pharmacy, as well as while we’re in our classrooms and
kitchens. Virtually every package that we touch is described
by a measurement.

Scientists use a standard method to collect data as
well as use mathematics to analyze those data. Measuring
things is a must before we can objectively describe what we
are observing, before we can experiment with biological
processes, and before we can predict how organisms respond,
adjust to, and modify their world. Once we have made our
measurements, we can analyze our data and look for varia-
tion and the sources of that variation. Then we can infer the
causes and effects of the biological processes that interest us.

THE METRIC SYSTEM

Scientists throughout the world use the metric system to
make measurements. The metric system is also used in
everyday life virtually everywhere except the United States.
With few exceptions (e.g., liter bottles of soda, 35-mm film),
most measurements in the United States use the antiquated
English system of pounds, inches, feet, and so on. Check
with your instructor about bringing to class common grocery
store items with volumes and weights in metric units, or ex-
amining those items on display.

Scientists make all of their measurements in the met-
ric system; they do not routinely convert from one system to
another. Thus, this exercise will not involve conversions
from the English to metric systems (if you want to know
those conversions, see Appendix I11). Rather, this exercise
will introduce you to making metric measurements of
length, mass, volume, and temperature. During this lab, you
should spend your time making measurements, not reading
background information. Therefore, before lab, read this exer-
cise carefully to familiarize yourself with the basic units of the
metric system.

Metric units commonly used in biology include:

meter (m)—the basic unit of length
liter (L)—the basic unit of volume
kilogram (kg)—the basic unit of mass

degree Celsius (°C)—the basic unit of temperature

Unlike the English system with which you are already fa-
miliar, the metric system is based on units of ten. This sim-
plifies conversions from one metric unit to another (e.g.,
from kilometers to meters). This base-ten system is similar
to our monetary system, in which 10 cents equals a dime, 10
dimes equals a dollar, and so forth. Units of ten in the met-
ric system are indicated by Latin and Greek prefixes placed
before the base units:




Prefix

(Latin) Division of Metric Unit

deci (d) 0.1 1071

centi (c) 0.01 102

milli (m) 0.001 1073

micro () 0.000001 Lg
nano (n) 0.000000001 [0

pico (p) 0.000000000001 10712

Prefix

(Greek) Multiple of Metric Unit

deka (da) 10 10!
hecto (h) 100 10?
kilo (k) 1000 10°
mega (M) 1000000 106

giga (G) 1000000000 10°

Thus, multiply by:
0.01 to convert centimeters to meters
0.001 to convert millimeters to meters
1000 to convert kilometers to meters
0.1  to convert millimeters to centimeters

For example, 620 meters = 0.620 kilometers = 620,000 mil-
limeters = 62,000 centimeters.

Question 1

Make the following metric conversions:

1 meter = ___ centimeters = ___ millimeters
92.4 millimeters = ____ meters = __ centimeters
10 kilometers = ____ meters = ____ decimeters

Length and Area
The meter (m) is the basic unit of length. Units of area are
squared units (i.e., two-dimensional) of length.

Im=100cm = 1000 mm = 0.001 km =
1 X103 km

lkm=1000m = 10’ m
lem=0.0lm=10"2m= 10 mm
470 m = 0470 km

1 ecm? = 100 mm? (i.e., 10 mm X 10 mm =
100 mm?)
To help you appreciate the magnitudes of these units, here
are the lengths and areas of some familiar objects:

Length

Housefly 0.5 cm
Mt. Everest 8848 m
Diameter of penny 1.9 cm
Toyota Camry 4.7m

1-2

Area
Total skin area of adult human male 1.8 m?
Football field (goal line to goal line) 4459 m’

Surface area of human lungs 80 m?

Central Park (New York City) 3.4 km?’
Ping-Pong table 418 m’
Credit card 46 cm”

Procedure 1.1

Make metric measurements of length and area

Most biologists measure lengths with metric rulers or meter-

sticks.

1. Examine intervals marked on the metric rulers and
metersticks available in the lab.

2. Make the following measurements. Be sure to
include units for each measurement.

Length of this page
Width of this page

Area of this page
(Area = Length X Width)

Your height

Thickness of this manual

Height of a 200-ml beaker

Height of ceiling
Question 2

What are some potential sources of error in your
measurements’

Volume

Volume is the space occupied by an object. Units of volume
are cubed (i.e., three-dimensional) units of length. The liter
(L) is the basic unit of volume.

I L =1000cm?®= 1000 mL
IL=0.1mX0.1m X0.lm
1 em?® = 0.000001 m?

To help you appreciate the magnitudes of these units, here
are the volumes of some familiar objects:

Chicken egg 60 mL
One breath of air 500 ¢cm’
Coke can 355 mL

Scientists often measure volumes with pipets and graduated
cylinders. Pipets are used to measure small volumes, typi-
cally 25 mL or less. Liquid is drawn into a pipet using a bulb
or pipet pump (fig. 1.1). Never pipet by mouth.

Graduated cylinders are used to measure larger vol-
umes. To appreciate how to make a measurement accurately,
pour 40-50 mL of water into a 100-mL graduated cylinder

2 EXERCISE 1



Figure 1.1

A pipet is used to extract and dispense volumes of liquid. A suction
bulb (shown in green on the left) draws fluid into the pipet, and
graduated markings on the pipet allow precise measurement of a
fluid’s volume. Never use your mouth to suck fluid into a pipet.

and observe the interface between the water and air. This
interface, which is called the meniscus, is curved because of
surface tension and the adhesion of water to the sides of the
cylinder. When measuring the liquid in a cylinder such as a
graduared cylinder, always position your eyes level with the
meniscus and read the volume at the lowest level (fig. 1.2).

Procedure 1.2

Make metric measurements of volume

1.  Biologists often use graduated cylinders to measure
volumes. Locate the graduated cylinders available in
the lab to make the following measurements.
Determine what measurements the markings on the
graduated cylinder represent. Be sure to include units
for each measurement.

2. Measure the milliliters needed to fill a cup (provided
in the lab).

3. Measure the liters in a gallon.

Procedure 1.3

Measure the volume of a solid object by water

displacement

1.  Obtain a 100-mL graduated cylinder, a thumb-sized
rock, and a glass marble.

2. Fill the graduated cylinder with 70 mL of water.

Figure 1.2

When measuring the volume of liquid in a graduated cylinder,
always measure at the bottom of the meniscus. The bottom of the
meniscus in this photograph is indicated by the arrow. The correct
volume is 25 mL.

3. Submerge the rock in the graduated cylinder and
notice that the volume of the contents rises.

4.  Carefully observe the meniscus of the fluid and
record its volume.

5.  Calculate and record the volume of the rock by
subtracting the original volume (70 mL) from the
new volume.

Rock volume

6. Repeat steps 2-5 to measure and record the volume
of the marble.

Marble volume
Biologists use pipets to measure and transfer small volumes

of liquid from one container to another. The following pro-
cedure will help you appreciate the usefulness of pipets.

Procedure 1.4

Learn to use a pipet

1.  Addapproximately 100 mL of water to a 100-mL
beaker.

2. Usea 5-mL pipet with a bulb or another filling
device provided by your instructor to remove some
water from the beaker.

3.  Fill the pipet to the zero mark.

Measurements in Biology 3



Figure 1.3
Biologists use balances to measure mass. (A) The parts of a triple-beam balance include (a) the zero-adjustment knob, (b) measuring pan,

(¢) movable masses on horizontal beams, and (d) balance marks. (B) The top loading balance has a measuring pan, a power switch, and a zero
calibration button.

4. Toread the liquid level correctly, your eye must be
directly in line with the bottom of the meniscus.

5.  Release the liquid into another container.

Question 3
What volume of liquid did you measure?

Mass

The kilogram (kg) is the basic unit of mass.! A kilogram
equals the mass of one thousand cubic centimeters (cm®) of
water at 4°C. Similarly,

1kg=1000g=10%g¢g

Ilmg=0001g=103g¢g

Here are the masses of some familiar objects:

9V battery 40¢
Ping-Pong ball 245¢
Basketball 0.62 kg
Quarter 6.25¢

Biologists often measure mass with a triple-beam balance
(fig 1.3), which gets its name from its three horizontal
beams. Suspended from each of the three beams are mov-
able masses. Each of the three beams of the balance are
marked with graduations: the closest beam has 0.1-g gradu-
ations, the middle beam has 100-g graduations, and the
farthest beam has 10-g graduations.

Remember that mass is not necessarily synonymous with weight. Mass
measures an object’s potential to interact with gravity, whereas weight is the
force exerted by gravity on an object. Thus, a weightless object in outer space
has the same mass as it has on earth.

1-4

Before making any measurements, clean the weighing
pan and move all of the suspended weights to the far left.
The balance marks should line up to indicate zero grams; if
they do not, turn the adjustment knob until they do. Mea-
sure the mass of an object by placing it in the center of the
weighing pan and moving the suspended masses until the
beams balance. The mass of the object is the sum of the
masses indicated by the weights on the three beams.

Procedure 1.5
Make metric measurements of mass
1.  Biologists often use a triple-beam balance or a top

loading scale to measure mass. Locate the triple-
beam balances or scales in the lab.

2. Measure the masses of the following items. Be sure to
include units for each measurement.

Nickel

Paper clip

Pencil

Rock (used in procedure 1.3)
100-mL beaker (empty)

100-mL beaker containing 50 mL
of water

Question 4

a. Density is mass per unit volume. Use data that
you've gathered to determine the density of water at
room temperature.

Density of water = (mass/volume) =

4 EXERCISE 1



b.  What is the density of the wooden pencil? Does it
float? Why?

c.  What is the density of the rock? Does it sink? Why?

Temperature

Temperature is the measure of the kinetic energy of

molecules—that is, the amount of heat in a system. Biolo-
gists measure temperature with a thermometer calibrared in
degrees Celsius (°C). The Celsius scale is based on water
freezing at 0°C and boiling at 100°C. You can interconvert
°C and degrees Fahrenheit (°F) using the formula 5(°F) =
9(°C) + 160. Here are some typical temperatures:

40°C a very hot summer day
30.6°C butter melts

75°C hot coffee

—-20°C temperature in a freezer

3°C human body temperature

Procedure 1.6

Make metric measurements of temperature

1.  Obtain a thermometer in the lab. Handle a
thermometer with care. If it breaks, notify your
instructor immediately.

2. Determine the range of the temperatures that can be
measured with your thermometer by examining the
scale imprinted along the barrel of the thermometer.

3. Measure the following temperatures:

Room temperature __ °C
Cold tap water —C
Hor tap water = -FE
Inside refrigerator ____ °C

UNDERSTANDING NUMERICAL DATA

Statistics offer a way to organize, summarize, and describe
data—the data are usually samples of information from a
much larger population of values. Staristics and statistical
tests allow us to analyze the sample and draw inferences
about the entire population. Consequently, the use of statis-
tics enables us to make decisions even though we have in-
complete data about a population. Although this may seem
unscientific, we do it all the time; for example, we diagnose
diseases with a drop of blood. Decisions are based on statis-
tics when it is impossible or unrealistic to analyze an entire
population.

Let’s say that you want to know the mass of a typical
apple in your orchard. To obtain this information, you could
analyze one apple, but how would you know that you'd

Hints for Using the Metric System

1. Express measurements in units requiring only a few
decimal places. For example, 0.3 m is more easily ma-
nipulated and understood than 300000000 nm.

2. When measuring pure water, the metric system offers
an easy and common conversion from volume mea-
sured in liters to volume measured in cubic meters to
mass measured in grams: 1 mL = 1 cm® = 1 g.

3. The metric system uses symbols rather than abbrevia-
tions. Therefore, do not place a period after metric
symbols (e.g., 1 g, not 1 g.). Use a period after a
symbol only at the end of a sentence.

4. Do not mix units or symbols (e.g., 9.2 m, not 9 m
200 mm).

5.  Metric symbols are always singular (e.g., 10 km, not
10 kms).

6. Except for degree Celsius, always leave a space
between a number and a metric symbol (e.g., 20 mm,
not 20mm; 10°C, not 10° C).

7. Use a zero before a decimal point when the number is
less than one (e.g., 0.42 m, not .42 m).

el e = —— e e

picked a “typical” sample? After all, the batch from which
you chose the apple may contain many others, each a little
bit different. You'd get a better estimate of “typical” if you
increased your sample size to a few hundred apples, or even
to 10,000. Or, better yet, to 1,000,000.

The only way to be certain of your conclusions would
be to measure all the apples in your orchard. Since this is
clearly impossible, you must choose apples that represent all
of the other apples—that is, you must be working with a rep-
resentative sample. A statistical analysis of those sample

apples reduces the sample-values to a few characteristic
measurements (e.g., mean mass). As you increase the size of
the sample, these characteristic measurements provide an
ever-improving estimation of what is “typical.”

There are a variety of software programs that perform
statistical analyses of dara; all you have to do is enter your
data into a spreadsheet, select the data that you want to an-
alyze, and perform the analysis. Although these software
packages save time and can increase accuracy, you still need
to understand a few of the basic variables that you'll use to
understand your numerical data. We'll start with the mean
and median:

The mean is the arithmetic average of a group of
measurements. Chance errors in measurements tend
to cancel themselves when means are calculated for
samples that are relatively large; a value that is too
high because of random error is often balanced by a
value that is too low for the same reason.

The median is the middle value of a group of
measurements.
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The median is less sensitive to extreme values than is the
mean. To appreciate this, consider a sample consisting of 14
leaves having the following lengths (all in mm):

80 69 62 74 69 51 45 40 9 64 65 64 61 67

The mean length is 58.6 mm. However, none of the leaves
are that length, and most of the leaves are longer than
60 mm.

Question 5
a. Does the mean always describe the “typical”
measurement? Why or why not?

b.  What information about a sample does a mean not
provide!?

Determine the median by arranging the measurements in
numerical order:

9 40 45 51 61 63 64 64 65 67 69 69 73 80

The median is between the seventh and eighth measure-
ment: 64 mm. Note that in this sample, the mean differs
from the median.

Question 6
a.  What is responsible for this difference between the
mean and median?

b.  How would the median change if the 9-mm-long leaf
was not in the sample?

c.  How would the mean change if the 9-mm-long leaf
was not in the sample?

d.  Consider these samples:
Sample 1: 25 35 32 28
Sample 2: 15 75 10 20
What is the mean for Sample 1?7

What is the mean for Sample 2?

In most of the exercises in this manual, you'll have time to
make only one or two measurements of a biological structure
or phenomenon. In these instances, a mean may be the only

descriptor of the sample. However, if your class combines its
data so that there are many measurements, you'll need to
know how to do a couple of other calculations so that you
understand the variation within your sample.

Variability

As you can see, the samples in Question 6d are different, but
their means are the same. Thus, the mean does not reveal
all there is to know about these samples. To understand how
these samples are different, you need other statistics: the
range and standard deviation.

The range is the difference between the extreme
measurements (i.e., smallest and largest) of the sample. In
Sample 1, the range is 35 — 25 = 10; in Sample 2 the range
is 75 — 10 = 65. The range provides a sense of the variation
of the sample, but the range can be artificially inflated by
one or two extreme values. Notice the extreme values in the
sample of leaf measurements previously discussed. Moreover,
ranges do not tell us anything about the measurements be-
tween the extremes.

Question 7
a.  Could two samples have the same mean but different
ranges! Explain.

b.  Could two samples have the same range but different
means! Explain.

The standard deviation indicates how measurements
vary about the mean. The standard deviation is easy to cal-
culate. Begin by calculating the mean, measuring the devia-
tion of each sample from the mean, squaring each deviation,
and then summing the deviations. This summation results
in the sum of squared deviations. For example, consider a
group of shrimp that are 22, 19, 18, and 21 cm long. The
mean length of these shrimp is 20 cm.

Sample
Value Mean Deviation (Deviation)?
22 20 2 4
19 20 =1 1
21 20 1 1
18 20 —3 4

Sum of Squared Deviations = 10
The summary equation for the sum of squared deviations is:

N
Sum of squared deviations = >, (x; — x)?
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