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Unit 9Unit 9
Advance Planning
Chapter 30
■ Order Xenopus eggs, preserved

adult frogs, Ringer’s solution,
and tadpoles for the BioLab
and MiniLab 30-2.

■ Purchase plastic or clay models
of the three orders of amphib-
ians for Meeting Individual
Needs.

Chapter 31
■ none

Chapter 32
■ Order prepared slides of longi-

tudinal sections of human
canine teeth for MiniLab 32-1.

■ Order owl pellets from a bio-
logical supply house for
MiniLab 32-2.

■ Borrow a collection of mam-
mal skulls from a local college
or museum for the Focus On
Placental Mammals.

Chapter 33
■ none

Modeling
Kinesthetic Have students make
another map of the area showing

how the area could be improved for
wildlife living there. The map can be
three-dimensional if materials are avail-
able. L2

P
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Demonstration
Kinesthetic If student groups
found animal tracks in their study

area, have them make plaster of Paris
molds of the tracks. Students can prepare
molds and bring them into class. Have
field guides available so students can
compare their molds to tracks in these
books. Make sure students can identify

the tracks and name the animal that
made their tracks.

Final Report
Ask students to present their findings to
the owners of the property. L3
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VertebratesVertebrates
Bears, salmon, gulls—and humans—
belong to the group of animals known 
as vertebrates, animals with backbones.
Their ability to survive the rigors of
changing environments, such as the
Alaskan tundra, and engage in complex
behaviors, such as migration, are just 
a few of the characteristics that dis-
tinguish vertebrates from other members 
of the animal kingdom.
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Vertebrates

Unit Overview
Students learn about the diversity
of animals with backbones in
Unit 9. In Chapter 30, students
begin to appreciate the evolu-
tionary movement of animals
from water to land environments
as they explore the structure,
adaptations, ecology, and phy-
logeny of fishes and amphibians.
The movement of animals to
land is completed with the rep-
tiles, studied in Chapter 31. In
this chapter, students also exam-
ine adaptations that enable birds
to fly.

Included in Chapter 31 is
Focus On Dinosaurs, a detailed
examination of these remarkable,
extinct animals.

In Chapter 32, students dis-
cover why mammals are able to
occupy nearly all environments
on Earth. The unit concludes in
Chapter 33 with an exploration
of animal behavior.

Introducing the Unit
Have examples of live vertebrates
from different classes available
for observation. Examples may
include: mouse, frog, lizard, and
goldfish. Ask students to work 
in groups to make a table com-
paring how the animals are alike 
and how they are different.
Vertebrate skeletons may be pur-
chased from biological supply
houses. Ask students to compare
and contrast the skeletons.

Animal Census/Habitat
Analysis
Have students do one of the projects for
this unit as described on the Glencoe
Science Web Site. As an alternative, they
can do one of the projects described on
these two pages.

Display
Visual-Spatial Have student groups
do a census of animals on the

school grounds or areas near the school.
They should look for animals and their
signs. Ask students to make a map of the
area to scale, indicating where they
found animals or their signs.
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Using the Library
Intrapersonal Ask students to find
out the habitat requirements of the

animals found in their study area. L2

P
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Refer to pages 4T-5T of the Teacher Guide for an explanation of the National Science Education Standards correlations. Teacher Classroom Resources

Assessment Resources Additional Resources

Products Available From
Glencoe
To order the following products,
call Glencoe at 1-800-334-7344:
CD-ROM
NGS PictureShow: Structure of
Vertebrates 1
Curriculum Kit
GeoKit: Fish, Reptiles, and
Amphibians
Transparency Set
NGS PicturePack: Structure of
Vertebrates 1

Products Available From
National Geographic Society
To order the following products,

call National Geographic Society
at 1-800-368-2728:
Video
Reptiles and Amphibians

Index to National
Geographic Magazine
The following articles may be
used for research relating to this
chapter:
“Coelacanths, The Fish That
Time Forgot,” by Hans Fricke,
June 1988.
“The Preposterous Puffer,” by
Noel D. Vietmeyer, August 1984.

Teacher’s 
Corner
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TransparenciesReproducible MastersSection

Fishes

Amphibians

Section 30.1

Section 30.2

Teacher Classroom Resources

Reinforcement and Study Guide, pp. 133-134
Concept Mapping, p. 30
BioLab and MiniLab Worksheets, pp. 133-134
Laboratory Manual, pp. 211-212
Tech Prep Applications, pp. 37-38
Content Mastery, pp. 149-150, 152

Reinforcement and Study Guide, pp. 135-136
Concept Mapping, p. 30
Critical Thinking/Problem Solving, p. 30
BioLab and MiniLab Worksheets, pp. 135-138
Laboratory Manual, pp. 213-218
Content Mastery, pp. 149, 151-152
Inside Story Poster
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Section Focus Transparency 73
Basic Concepts Transparency 52
Basic Concepts Transparency 53

Section Focus Transparency 74
Basic Concepts Transparency 53
Reteaching  Skills Transparency 44
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Assessment Resources Additional Resources
Spanish Resources
English/Spanish Audiocassettes
Cooperative Learning in the Science Classroom
Lesson Plans/Block Scheduling

COOP LEARN
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ELL
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Chapter Assessment, pp. 175-180
MindJogger Videoquizzes
Performance Assessment in the Biology Classroom
Alternate Assessment in the Science Classroom
Computer Test Bank
BDOL Interactive CD-ROM, Chapter 30 quiz

Chapter 30 OrganizerChapter 30 Organizer

Activities/FeaturesObjectivesSection

Fishes
National Science Education
Standards UCP.1-5; A.1, A.2;
C.3, C.5, C.6; F.4, F.5; G.3
(11/2 sessions, 1/2 block)

Amphibians
National Science Education
Standards UCP.1-5; A.1, 
A.2; C.3, C.5, C.6; E.1, E.2;
F.4-6; G.1-3 (2 sessions, 1
block)

1. Relate the structural adaptations of
fishes to their environments.

2. Compare and contrast the adaptations
of the different groups of fishes.

3. Relate the demands of a terrestrial 
environment to the adaptations of
amphibians.

4. Relate the evolution of the three-cham-
bered heart to the amphibian lifestyle.

MiniLab 30-1: Measuring Breathing Rate in
Fishes, p. 818
Problem-Solving Lab 30-1, p. 820
Inside Story: A Bony Fish, p. 825

Inside Story: A Frog, p. 828
MiniLab 30-2: Looking at Frog and Tadpole
Adaptations, p. 830
Investigate BioLab: Development of Frog
Eggs, p. 834
Chemistry Connection: Killer Frogs, p. 836

Section 30.2

Section 30.1

MATERIALS LIST

BioLab
p. 834 Ringer’s solution for frogs, cul-
ture dishes (4), light bulbs, thermom-
eter, stereomicroscope, fertilized frog
eggs (Xenopus laevis), flashlight

MiniLabs
p. 818 beaker, thermometer, goldfish,
ice cube (2), pencil, paper
p. 830 preserved adult frog, preserved
tadpole, pencil, paper

Alternative Lab
p. 822 aquarium, black gravel, white
gravel, tropical fishes (zebra, catfish,
gourami), timer or stopwatch, black
construction paper, masking tape

Quick Demos
p. 821 stereomicroscope, microscope
slides, coverslips, fish scales
p. 822 2-L soda bottle, goldfish, water,
plastic ketchup packet
p. 829 live frog, clear plastic container
p. 831 tape recording of frog calls

Need Materials? Contact Carolina Biological Supply Company at 1-800-334-5551
or at http://www.carolina.com
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Key to Teaching StrategiesKey to Teaching Strategies

Level 1 activities should be appropriate
for students with learning difficulties.
Level 2 activities should be within the
ability range of all students.
Level 3 activities are designed for above-
average students.
ELL activities should be within the ability
range of English Language Learners.

Cooperative Learning activities
are designed for small group work.
These strategies represent student prod-
ucts that can be placed into a best-work
portfolio.
These strategies are useful in a block
scheduling format.
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The following multimedia resources are available from Glencoe.

Biology: The Dynamics of Life
CD-ROM

BioQuest: Biodiversity Park
Exploration: The Five Kingdoms
Video: Salmon Migration
Video: Schooling
Exploration: Amphibians
Video: Feeding Frog
Video: Frog Behavior

Videodisc Program
Fish Schooling
Frog Behavior
Feeding Frog
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Section

What Is a Fish?
Fishes, like all vertebrates, are clas-

sified in the phylum Chordata. This
phylum includes three subphyla:
Urochordata, the tunicates; Cephalo-
chordata, the lancelets; and Verte-
brata, the vertebrates. Fishes belong
to the subphylum Vertebrata. In
addition to fishes, subphylum
Vertebrata includes amphibians, rep-
tiles, birds, and mammals. Recall
from the previous chapter that all
chordates have four traits in com-
mon—a notochord, gill slits, muscle
blocks, and a dorsal hollow nerve
cord. In vertebrates, the notochord
of the embryo becomes a backbone

in adult animals. All vertebrates are
bilaterally symmetrical, coelomate
animals that have endoskeletons,
closed circulatory systems, nervous
systems with complex brains and
sense organs, and efficient respira-
tory systems.

Three classes of fishes
Fishes comprise three classes of

the subphylum Vertebrata: Class
Agnatha (AG nuh thuh), with jawless
fishes, lampreys and hagfishes; Class
Chondrichthyes (kahn DRIHK theez),
with cartilaginous fishes, sharks and
rays; and Class Osteichthyes (ahs tee
IHK theez), with bony fishes. An
example of each class is shown in

30.1 FISHES   817

Have you ever visited 
an aquarium to see
the amazing diversity

of fishes? As you pass tank
after tank, you can see fishes
of all shapes, sizes, and colors.
What’s interesting is that
even though fishes share a
common environment, they
have evolved a variety of 
different adaptations.
Although fishes may show
considerable variety in
structure and behavior,
they all share common
characteristics.

SECTION PREVIEW

Objectives
Relate the structural
adaptations of fishes to
their environments.
Compare and contrast
the adaptations of the
different groups of
fishes.
Interpret the phylog-
eny of fishes.

Vocabulary
spawning
fin
lateral line system
scale
swim bladder
cartilage

30.1 Fishes

Saltwater aquarium
(above) and a blue
tang (inset)
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Section 30.1

BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES

Use with Chapter 30,
Section 30.1

Which of the animals in this picture are called fish, but really
aren’t fish? Which are not called fish, but really are fish?

How does the body plan of a fish differ from that of the
other animals pictured?

11

22

Transparency Fishes in the Sea73 SECTION FOCUS

C
op

yr
ig

ht
 ©

 G
le

nc
oe

/M
cG

ra
w

-H
ill

, a
 d

iv
is

io
n 

of
 T

he
 M

cG
ra

w
-H

ill
 C

om
pa

ni
es

, I
nc

.

Prepare
Key Concepts
Students learn about the charac-
teristics all fishes have in common
while developing an understand-
ing of the characteristics that dis-
tinguish the three classes of
fishes: jawless fishes, cartilaginous
fishes, and bony fishes.

Planning
■ Purchase small goldfishes for

MiniLab 30-1.
■ Purchase mounts of three

kinds of fish scales, fishing
lures, a model of a fish, and a 
2 L plastic soda bottle for the
Demos.

■ Purchase tropical fishes such
as zebra fish, catfish, and
gourami for the Alternative
Lab.

1 Focus
Bellringer 
Before presenting the lesson,
display Section Focus Trans-
parency 73 on the overhead pro-
jector and have students answer
the accompanying questions.
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Assessment PlannerAssessment Planner

Portfolio Assessment
BioLab, TWE, pp. 834-835
Portfolio, TWE, pp. 824, 829
Assessment, TWE, 820, 830

Performance Assessment
MiniLab, SE, pp. 818, 830
BioLab, SE, pp. 834-835
Alternative Lab, TWE, pp. 822-823
Assessment, TWE, p. 832

Knowledge Assessment
Section Assessment, SE, pp. 826, 833
Chapter Assessment, SE, pp. 837-839
Assessment, TWE, pp. 824, 826

Skill Assessment
Assessment, TWE, pp. 818, 833

ChapterChapter
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Fishes and Amphibians

What You’ll Learn
■ You will compare and 

contrast the adaptations 
of the different groups of
fishes and amphibians.

■ You will relate the move 
to land to the evolution of
fishes and amphibians.

Why It’s Important
Fishes are the most diverse and
successful vertebrate group.
Amphibians are adapted to 
live both in water and on land.
The development of a bony
endoskeleton in fishes and
lungs in amphibians were
major steps in animal evolu-
tion—steps that eventually led
to human evolution. 

Observing a Fish
Observe a fish swimming in a
bowl. Drop fish food into the
water and observe how the fish
finds and eats the food. What
structure for obtaining food
can be found in fishes but not
in invertebrates?

To find out
more about

fishes and amphibians, visit the
Glencoe Science Web Site.
www.glencoe.com/sec/science

30

GETTING STARTEDGETTING STARTED

Leopard frog eggs
hatch into wiggling
tadpoles. A few
months later, they
become four-
legged, jumping,
croaking animals.

816

Theme Development
Evolution is a major theme of
this chapter. Emphasis is placed
on how animals evolved adapta-
tions to life on land. The theme
of unity within diversity is
apparent through the discussion
of how varied the features of ani-
mals within a classification group
can be even though all members
of the group share many charac-
teristics.

Chapter 30Chapter 30

Multiple
Learning
Styles

Look for the following logos for strategies that emphasize different learning modalities.

Kinesthetic Meeting Individual
Needs, p. 827; Tech Prep, p. 832
Visual-Spatial Tech Prep, p. 819;
Quick Demo, p. 821; Meeting

Individual Needs, p. 821; Portfolio, 
pp. 824, 829; Biology Journal, p. 829

Linguistic Project, pp. 820, 
831; Enrichment, p. 823; 

Biology Journal, pp. 824, 832; 

Meeting Individual Needs, p. 825;
Check for Understanding, p. 825

Auditory-Musical Quick
Demo, p. 831
Naturalist Quick Demo, p. 829

GETTING STARTED DEMOGETTING STARTED DEMO

Logical-Mathematical
Remove the hooks from a

variety of fish-shaped lures all
made of the same material. Have
students work in small groups
and drop each lure into a 1000
mL graduated cylinder filled
with water. Ask them to measure
the amount of time it takes for
each of the lures to touch the
bottom of the cylinder. Ask stu-
dents to correlate their results to
the shape of the lures. Ask them
what other variables might be
important in their observations.
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If time does not permit teach-
ing the entire chapter, use the
BioDigest at the end of the
unit as an overview.

Resource 
  Manager
Resource 
  Manager

Section Focus Transparency 73
and Master
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ELL
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L1

P

LS
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gravel on stream bottoms. Although
most fishes produce large numbers of
eggs at one time, agnathans called
hagfishes produce small numbers of
large eggs. Some cartilaginous fishes
have internal fertilization. For exam-
ple, some female sharks and rays pro-
duce as few as 20 eggs and keep them
inside their bodies until they have
hatched and developed to about 40
cm in length. These young, when
released, behave like miniature
adults, and many survive. 

Most bony fishes have external fer-
tilization. Reproduction in fishes and
some other animals is called spawn-
ing. During spawning, some female
bony fishes, such as cod, produce as
many as 9 million eggs, of which only
a small percentage survive. In some
bony fishes, such as guppies, mollies,
and swordtails, fertilization is inter-
nal and young fishes develop within
the mother’s body. These species are
known as live-bearers because their
offspring are born fully developed.
Most fishes that produce millions of

eggs provide no care for their off-
spring after spawning; in these
species, only a few of the young sur-
vive to adulthood. But some, such as
the mouth-brooding cichlids, stay
with their young after hatching.
When their young are threatened by
predators, the parent fish scoop them
into their mouths for protection. 

30.1 FISHES   819

Figure 30.1
The three classes of fishes
include jawless fishes, cartilagi-
nous fishes, and bony fishes.

Circulation in a Fish

Aorta

Heart

Gills Body
cells

AV

Figure 30.2
In a fish’s heart,
deoxygenated blood
flows from the first
chamber to the sec-
ond chamber, then
on to the gills where
it picks up oxygen.
Blood in a fish flows
in a one-way circuit
throughout the body.

Jawless fishes called lampreys
have long, tubular bodies with-
out paired fins, and no scales. 

AA

Cartilaginous fishes called
skates have a flattened body
shape with large paired fins
that enable them to “fly”
over the ocean bottom as
they search for food. 

CC

Most fishes you
are familiar with
are bony fishes,
such as this
swordfish.

BB
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Visual Learning
Figure 30.1 Have students look
at the fishes shown in Figure
30.1. Ask them to list the adapta-
tions that these fishes have to
their habitat. fins, streamlined body,
gills for obtaining oxygen dissolved
in water

Chalkboard Example
Draw the two-chambered heart
of a fish on the chalkboard.
Beside this drawing, sketch the
four-chambered heart of a mam-
mal. Briefly trace the path of
blood through each heart and
explain that the four-chambered
heart is more efficient for an ani-
mal that must move quickly and
maintain a constant body temper-
ature.

L1

P

LS

Figure 30.1. More than 20 000
species of fishes exist. In fact, there
are more fish species than all other
kinds of vertebrates added together.

Fishes inhabit nearly every type of
aquatic environment on Earth. They
are adapted to living in shallow, warm
water and deeper cold and sunless
water. They are found in freshwater
and salt water, and some fishes even
survive in heavily polluted water. 

Fishes breathe using gills
Agnathans, like all fishes, have gills

made up of feathery gill filaments that
contain tiny blood vessels. Gills are
an important adaptation for fishes and
other vertebrates that live in water.
As a fish takes water in through its
mouth, water passes over the gills
and then out through slits at the side
of the fish. Oxygen and carbon diox-
ide are exchanged through the capil-
laries in the gill filaments. You can
find out more about respiration in
fishes in the MiniLab on this page. 

Fishes have 
two-chambered hearts

All fishes have two-chambered
hearts, as shown in Figure 30.2. One
chamber receives deoxygenated blood
from the body tissues, and the second
chamber pumps blood directly to the
capillaries of the gills, where oxygen
is picked up and carbon dioxide
released. Oxygenated blood is carried
from the gills to body tissues. Blood
flow through the body of a fish is rel-
atively slow because most of the
heart’s pumping action is used to
push blood through the gills.

Fishes reproduce sexually
All fishes have separate sexes.

Fertilization is external in most
fishes, with eggs and sperm deposited
in protected areas, such as on floating
aquatic plants or in shallow nests of

Measuring Breathing Rate in Fishes Fishes are able to
extract oxygen from water as it flows over their gills. Their
rate of breathing is related to the availability of oxygen in
the water. More oxygen
results in a slower breath-
ing rate. The breathing
rate of a fish can be esti-
mated by counting the
number of times per
minute its gill covers open
to allow water to flow
across its gills. 

Procedure
! Make a hypothesis about how the breathing rate of a 

fish may be influenced by a change in temperature 
of the water in which it is swimming. Record your 
hypothesis.

@ Fill a beaker with non-chlorinated water. Let the beaker
sit until the water reaches room temperature (about
20°C). Measure the temperature with a thermometer 
and record it in a data table.

# Add a small goldfish. CAUTION: Handle animals with care.
Wait 5 minutes for the fish to acclimatize to the water
temperature.

$ Count the number of times the goldfish’s gill covers open
in one minute. This is a measure of the rate at which the
fish is breathing. Record your result in a data table.

% Repeat step 4 four more times. Find an average for your
trials and record these data in your table. 

^ Remove the goldfish from the beaker. Add one ice 
cube made from non-chlorinated water to the beaker.

& When the ice cube has melted, record the water’s 
temperature. 

* Repeat steps 3-5. Remove goldfish from the beaker, 
and add another ice cube to the beaker. Repeat step 7. 

( Repeat steps 3-5. CAUTION: Wash your hands after 
working with animals.

Analysis
1. How does water temperature influence the rate at which

breathing occurs in a goldfish?
2. Do your data support your hypothesis? Explain.
3. Was the breathing rate faster or slower in colder water

compared with warmer water?
4. How might the amount of oxygen in cold water compare

with that in warm water? Explain your answer.
5. Sequence the events associated with a fish obtaining 

oxygen. Start with a molecule of oxygen in water and be
sure to include the capillaries located in the fish’s gills. 

MiniLab 30-1MiniLab 30-1 Experimenting

Gill cover
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2 Teach

Purpose 
Students will experimentally
determine that fish breathing rate
slows as water temperature de-
creases and oxygen content of the
water increases.

Process Skills
experiment, hypothesize, se-
quence, acquire information, 
collect data, draw a conclusion,
interpret data, measure in SI

Teaching Strategies
■ Inexpensive goldfish are avail-
able locally from most pet or
aquarium shops.
■ 500 mL beakers are ideal in
size, but smaller beakers may be
used.
■ Review the location of the gill
covering (operculum) with stu-
dents.
■ Caution students about not
“shaking down” thermometers.
■ Water temperature may be
adjusted by adding ice cubes or
cold water to the beakers.

Expected Results
Breathing rate will decrease as
water temperature decreases.

Analysis
1. The breathing rate, as well as

all body functions, decreases
as the water temperature
decreases.

2. Student answers will vary.
Many students will have
hypothesized that a decrease
in water temperature results in
an increase in breathing rate.

3. slower in cold water
4. Generally, there is more dis-

solved oxygen in cold water
as compared with warm
water.

5. An oxygen molecule in water
passes over the gills, diffuses
into gill capillaries, passes
into the blood stream, and is
pumped to body cells by
heart.

P
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MiniLab 30-1MiniLab 30-1

Fish Farming 
Visual-Spatial Have a
group of students visit a

nearby fish farm or fish hatch-
ery and make a videotape
report to the class.
P
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Cultural Diversity
Samuel Milton Nabrit
African-American zoologist Samuel M.
Nabrit conducted many experiments on tail
regeneration in fishes. Nabrit earned a Ph.D.
in Zoology in 1932 and became a researcher
at Woods Hole Marine Biology Laboratory.
Papers describing his work may be found in
the Journal of Experimental Zoology,

Anatomical Record, and Biological Bulletin.
Nabrit is perhaps best known for his work
toward promoting African Americans in sci-
ence. He helped to organize the National
Institute of Science in 1943, an organization
designed to explore the teaching and
research problems of African-American 
scientists.

Skill Have students prepare a line
graph of their data. Have them identify the
independent and dependent variables and
select and label the axes accordingly. Use the
Performance Task Assessment List for
Graph from Data in PASC, p. 39. L2
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AssessmentAssessment

VIDEODISC
The Secret of Life
Fish Gills

Fish Gills—Gas Exchange

!7;J8G"

!7;JBH"

Resource ManagerResource Manager
BioLab and MiniLab Worksheets,

pp. 133-134
Concept Mapping, p. 30
Laboratory Manual, pp. 211-212 L2
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Gill arches

Gill arches

Gill slits
Skull JawsJawless, filter-feeding fish

Beginning of jaw formation Fish with jaws

blood through the water for several
kilometers. This ability helps them
locate their prey.

Most fishes have scales
Cartilaginous and bony fishes have

skin covered by intermittent or over-
lapping rows of scales. Scales are thin
bony plates formed from the skin.
Scales, shown in Figure 30.4, can be
toothlike, diamond-shaped, cone-
shaped, or round. Shark scales are
similar to teeth found in other verte-
brates. The age of some species of
fishes can be estimated by counting
annual growth rings in their scales.

Jaws evolved in fishes
Perhaps one of the most important

events in vertebrate evolution was the
evolution of jaws in ancestral fishes.
The advantage of a jaw is that it
enables an animal to grasp and crush
its prey with great force. Sharks are
able to eat large chunks of food.
This, among other factors, explains
why some early fishes were able to
reach such great size. Figure 30.5
shows the evolution of jaws in fishes. 

When you think of a shark, do you
imagine gaping jaws and rows of
razor-sharp teeth? Sharks have six to
20 rows of teeth that are continually
replaced. The teeth point backwards,
preventing prey from escaping once

caught. Sharks are among the most
streamlined of all fishes and are well
adapted for life as predators. 

Most fishes have bony skeletons
The majority of the world’s fishes

belong to the class Osteichthyes, the
bony fishes. Bony fishes, a successful
and widely distributed class, differ
greatly in habitat, size, feeding
behavior, and shape, as Figure 30.6
shows. All bony fishes have skeletons
made of bone rather than the carti-
laginous skeletons found in other

30.1 FISHES   821

Figure 30.4
Fishes can be classified by the type
of scales present. Diamond-shaped
scales are common to bony fishes,
such as gars (a). Bony fishes such
as chinook salmon have either
cone-shaped or round scales (b).
Tooth-shaped scales are character-
istic of the sharks (c).

Figure 30.5
You can see how jaws
evolved from the car-
tilaginous gill arches
of early jawless fishes
in this series of illus-
trations. Teeth
evolved from skin.

OriginWORDWORD

scale
From the Old
English word sceala,
meaning “shell” or
“husk.” A scale is a
thin, bony plate on
the skin of a fish.

a

b

c
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Visual Learning
Figure 30.4 Direct students’
attention to the different types of
scales. Ask students how they
could determine that a scale came
from a shark by observing the
shape of the scale. The scales of a
shark have a toothlike shape. No
other fish scales have this shape.

Why are fish species numbers declining? There are three
major threats to the survival of freshwater fishes. These are:
agricultural runoff; dams and water diversion; and competi-
tion from introduced non-native species. All of these threats
exist in the southern United States. 

Analysis
The two maps that appear here (A and B) illustrate the

problem described in the introduction.

Thinking Critically
1. Sequence the general areas of the United States that have

the highest to lowest number of fish species and percent-
age of species at risk.

2. Do the two patterns tend to agree? Explain why.
3. Compare the approximate number of species at risk to the

total number of fish species present in: California, Texas,
Hawaii, North Carolina, Florida, Illinois, and North Dakota. 

4. Explain why or how the following may be a problem to
fish survival: agricultural runoff; dams and water diver-
sion; introduction of non-native fish species.

5. Explain how the three problems associated with declining
fish populations might be caused by humans.

Problem-Solving Lab 30-1Problem-Solving Lab 30-1 Cause and Effect

In the Problem-Solving Lab on this
page, find out some other reasons
why the numbers of some species of
freshwater fishes are declining. 

Most fishes have paired fins
Fishes in the classes Chondrich-

thyes and Osteichthyes have paired
fins. Fins are fan-shaped membranes
that are used for balance, swimming,
and steering. Fins are attached to and
supported by the endoskeleton and
are important in locomotion. The
paired fins of fishes, illustrated in
Figure 30.3, foreshadowed the
development of limbs for movement
on land and ultimately of wings for
flying.

Fishes have developed 
sensory systems

All fishes have highly developed
sensory systems. Cartilaginous and
bony fishes have an adaptation called
the lateral line system that enables
them to sense their environment.
The lateral line system is a line of
fluid-filled canals running along the
sides of a fish that enable it to detect
movement and vibrations in the
water.

Some fishes also have an extremely
sensitive sense of smell and can
detect small amounts of chemicals in
the water. Sharks can follow a trail of
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Figure 30.3
The paired fins of a fish include the pec-
toral fins and the pelvic fins. Fins found
on the dorsal and ventral surfaces can
include the dorsal fins and anal fin. 

AA

BB

Total number
 of species

< 100
100 – 199
200 +

Percent of
species at risk

< 10
10 – 29.9
30 +

Dorsal fin

Caudal
fin Pelvic

fins

Pectoral
fins
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Purpose 
Students correlate the impact of
human activities on the declining
numbers of fish species in the
U.S.

Process Skills
acquire information, analyze
information, think critically, draw
a conclusion, interpret data,
interpret scientific illustrations

Teaching Strategies
■ Make sure that students are
able to locate the various states
referred to in the activity.
■ Remind students of terminol-
ogy that can be used to describe
general areas of the country, such
as southwest, midwest, etc.

Thinking Critically

1. southeast, midwest, north-
east, south-central, far west;
southwest, northwest, south-
east, midwest, northeast

2. no; one compares total species
while the other compares
species at risk

3. California: between 30 and
60; Texas: between 10 and 60;
Hawaii: 30 or more; N.
Carolina: between 20 to 60;
Florida: between 10 and 60;
Illinois: fewer than 10 to 60;
N. Dakota: fewer than 10.

4. Fertilizers, pesticides, and
herbicides wash into water-
ways and affect the fish.
Dams and water diversions
decrease the water available
for reproduction and feeding
and prevent fish from reach-
ing breeding sites. Non-
native fish species compete
for food and breeding sites
with native fish species and
may prey upon native fishes.

5. Humans apply agricultural
chemicals that run off into
waterways. Humans build the
dams and divert water for
irrigation and drinking.
Humans also introduce non-
native species, sometimes for
sport fishing.

P

LS

Problem-Solving Lab 30-1Problem-Solving Lab 30-1

P R O J E C T
The Aquarium

Linguistic Ask students to
prepare a written plan that

identifies all materials needed to set up
and maintain an aquarium, along with an
explanation of why each material is
needed. Allow students to set up and
maintain their aquariums according to
their plans.

P
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L2

P
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Quick DemoQuick Demo

Visual-Spatial Have stu-
dents make and examine

mounts of scale types using a
stereomicroscope. Briefly dis-
cuss how the age of a fish can
be determined by counting the
rings on its scales. Ask students
to draw the scales they observe
and include a summary in their
portfolios that identifies the
types of scales observed and
the ages of the fishes from
which the scales came.

P
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L2

P
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Learning Disabled
Visual-Spatial Use visualization strate-
gies for students who have learning

disabilities. Prepare a set of large cards with
visual depictions of concepts in the chapter.
Ask them to look carefully at a card for
about 10 seconds. Then have them close
their eyes and imagine placing the card on a
bulletin board. Have students do this for 10

concept cards. When they have finished plac-
ing these 10 cards on their imaginary bul-
letin boards, have them close their eyes and
focus on their boards for about 10 seconds.
The next day, you can put a list of concepts
on the chalkboard and ask students to recall
their imaginary bulletin boards and explain
what they remember.

P
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P
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L1
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Portfolio Have students examine
their own state and describe the species of
fish at risk versus total existing number of
species. Have them write a paragraph
explaining what steps might be taken to slow
the decline of fish species in their area. Use
the Performance Task Assessment List for
Writing in Science in PASC, p. 87. L2

P

LS

AssessmentAssessment

CD-ROM
Biology: The Dynamics
of Life, Bioquest:

Biodiversity Park, Disc 3, 4
Exploration: The Five Kingdoms
Disc 3
Video: Salmon Migration
Disc 4
Video: Schooling
Disc 4



bladder. The gas works like the gas in
a blimp that adjusts the height of the
blimp above the ground.

Fishes that live in oxygen-poor
water or in ponds or rivers that dry
up in the hot season often have other
ways to get oxygen. The African
lungfish, for example, has a structure
that allows it to obtain oxygen by
gulping air. This structure is a modi-
fied swim bladder. The modified
swim bladder is connected to the
fish’s mouth by a tube. 

Diversity of Fishes
Fishes range in size from the tiny

dwarf goby that is less than 1 cm
long, to the huge whale shark that
can reach a length of 15 m—the
length of two school buses.

Agnathans are jawless fishes
Lampreys and hagfishes belong to

the class Agnatha. Though they do
not have jaws, they are voracious
feeders. Hagfishes, Figure 30.8, have
a slitlike, toothed mouth and feed on
dead or dying fish by drilling a hole
and sucking the blood and insides
from the animal. Parasitic lampreys
attack other fishes and attach them-

selves by their suckerlike mouths.
They use their sharp teeth to scrape
away the flesh and then suck out the
prey’s blood. The skeletons of
agnathans, as well as of sharks and
their relatives, are made of a tough,
flexible material called cartilage.

Sharks and rays are 
cartilaginous fishes

Sharks, skates, and rays, like
agnathans, possess skeletons com-
posed entirely of cartilage. Sharks,
skates, and rays belong to the class
Chondrichthyes, illustrated in Figure
30.9. Because living sharks, skates,
and rays are classified in the same
genera as species that swam the seas
more than 100 000 years ago, they
are considered living fossils. Sharks
are perhaps the most well-known
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Figure 30.8
When touched, a
hagfish’s skin gives
off a tremendous
amount of mucus,
thus allowing the
fish to slither away
without becoming a
meal.

Figure 30.9
Cartilaginous fishes include
sharks, skates, and rays.

The hammerhead shark is a large shark
found in warm ocean water. It has eyes at
the ends of its flattened, extended skull. 

AA

Most rays are ocean bottom
dwellers, but the Atlantic manta
ray prefers to glide along just
under the water’s surface.

BB

Misconception
Students often think of sharks as
being blood-craving predators of
people. Explain that of the 370
species of sharks, only 25 have
been known to attack humans.
When sharks attack people, this
occurs largely because the shark’s
lateral line system detects move-
ment in the water. Such move-
ment usually signals to a shark
that food in the form of a fish is
nearby.

Enrichment
Linguistic Ask students to
prepare a report on endan-

gered sharks. Make sure they find
out how peoples’ fear of sharks
has contributed to the decline in
shark populations. L2

P
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aquarium that contains black gravel
with black construction paper.

6. Develop a hypothesis about where the
fish will spend its time, in the light or
the dark. Then, observe the fish for
two minutes and time in which part of
the tank the fish spends its time.
Record your data.

7. Compare your data with that of your
classmates.

Expected Results
Catfish prefer the dark, but others prefer
the light.
Analysis

1. Which fishes preferred dark gravel and
the dark half of the tank? catfish

2. Do your data for each habitat type sup-
port your hypotheses? Explain. Some
students will find that their data sup-
ported their hypotheses.

Performance Give students a fish
they have not seen and ask them to
determine the fish’s preferred habitat.
Ask them to explain how this preference
may have adaptive value. Use the
Performance Task Assessment List for
Making Observations and Inferences in
PASC, p. 17. L2

P
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AssessmentAssessment
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el

classes of fishes. Bone is the hard,
mineralized, living tissue that makes
up the endoskeleton of most verte-
brates. The appearance of bone was
important for the evolution of fishes
and vertebrates in general because it
allowed fishes to adapt to a variety of
aquatic environments, and finally
even to land.

Bony fishes have separate 
vertebrae that provide flexibility

The evolution of a backbone com-
posed of separate, hard segments
called vertebrae was significant in pro-
viding the major support structure of
the vertebrate skeleton. Separate ver-
tebrae provide great flexibility. This is
especially important for fish locomo-
tion, which involves continuous flex-
ing of the backbone. You can see how
modern bony fishes propel themselves
in water in Figure 30.7. Some fishes
are effective predators, in part because
of the fast speeds they can attain as a
result of having a flexible skeleton.

Bony fishes evolved 
swim bladders

Another key to the evolutionary
success of bony fishes was the evolu-
tion of the swim bladder. A swim
bladder is a thin-walled, internal sac
found just below the backbone in
bony fishes; it can be filled with
mostly oxygen or nitrogen gases that
diffuse out of a fish’s blood. Fish with
a swim bladder control their depth by
regulating the amount of gas in the

822 FISHES AND AMPHIBIANS

Figure 30.6
Bony fishes vary in appearance,
behavior, and way of life.

Figure 30.7
Most bony fishes swim in 
one of three possible ways.

An eel moves its
entire body in an
S-shaped pattern.

AA

A mackerel flexes 
the posterior end 
of its body to accen-
tuate the tail-fin 
movement.

BB

A tuna keeps its 
body rigid, moving
only its powerful tail.
Fishes that use this
method move faster
than all others.

CC

Predatory bony fishes, such as
this pike, have sleek bodies
with powerful muscles and tail
fins for fast swimming.

CC

Sea horses move slowly
through the underwater
forests of seaweed where
they live. They are unusual 
in that the males brood their
young in stomach pouches.

BB

Eels are long and
snakelike and can
wriggle through mud
and crevices in search
of food.

AA

Alternative Lab
Fish Behavior

Purpose 
Students will gain an understanding of
how fish behavior is adaptive. Have stu-
dents treat live animals with care. Make
sure they wash their hands before and
after handling live animals.

P

LS

Materials 
aquarium setup, black and white gravel,
tropical fishes (zebra, catfish, gourami),
timer or stopwatch, black construction
paper, masking tape
Procedure
Give students the following directions.

1. Prepare a data table with columns indi-
cating time spent over white gravel,
over black gravel, at the top, bottom,
and middle of the tank, and in light

and dark areas.
2. Place a fish into an aquarium that has

white gravel on one side and black
gravel on the other.

3. Develop a hypothesis about in which
part of the tank the fish will spend
most of its time.

4. For two minutes, time how long the
fish spends over each color of gravel.
Record your data.

5. Cover the sides of the half of the822

Quick DemoQuick Demo

Ask students to predict what 
will happen to a small plastic
package of ketchup when you
drop it into a 2 L plastic soda
bottle full of water. Ask them
what will happen to the condi-
ment package if you then
squeeze the bottle. After you
demonstrate this, ask students
what will happen to a goldfish
you place in a similar bottle of
dechlorinated water. Ask them
to predict what will happen to
the goldfish when you squeeze
the bottle. Ask students to
relate the results to similarities
and differences between the
structures of fish and ketchup
packages. 

P
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The Secret of Life
Chordate Body Plan
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VIDEODISC
Biology: The
Dynamics of Life

Fish Schooling (Ch. 2)
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A Bony Fish

The bony fishes, class Osteichthyes, include
some of the world’s most familiar fishes, such

as the bluegill, trout, minnow, bass, swordfish, and
tuna. Though diverse in general appearance and behav-
ior, bony fishes share some common adaptations with
other fish classes.

Critical Thinking Compare the ideal shapes for fishes
that swim in rocky crevices and those that swim in
open water.

Lateral line system When fishes swim past obsta-
cles, pressure changes occur in the water. Fishes can
detect these changes with their lateral line systems,
which enable them to swim in the dark and in complex
coral reefs.

Swim bladder The mass of a fish’s tissue is
greater than that of water; therefore, without
a swim bladder, a fish would not be able to
float. Gas pressure in the swim bladder alters
the specific gravity of the whole body,
enabling the fish to float at any depth.

Gills Gills are thin, blood vessel-rich
tissues where gases are exchanged.

Scales Scales are 
covered with slippery
mucus, allowing a 
fish to move through
water with minimal
friction. Fins The structure and

arrangement of fins are
related to a particular
type of locomotion.
Tropical fishes that live
among coral reefs tend
to have small fins capa-
ble of maneuvering in
this complex, three-
dimensional environ-
ment, whereas a tuna
has large, broad fins for
moving quickly
through open water.

Rainbow trout,
Salmo gairdneri

Kidney
Urinary bladder

Reproductive organ

Stomach
Intestine

Liver
Heart

44
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Purpose 
Students study features of bony
fishes and examine the adaptive
advantages of these features.

Teaching Strategies
■ On the chalkboard, make a
table that compares the features
of bony fishes with those of jaw-
less and cartilaginous fishes.

Visual Learning
■ Ask students to study the fea-

tures shown. Have them iden-
tify the external features
discussed on a live goldfish.

■ Purchase a fish from a fish
market that has not been
cleaned. Carefully cut open
the fish to show students the
swim bladder. The swim blad-
der is very fragile, so be careful
as you cut into the fish with a
razor blade or scalpel.

Critical Thinking
Fishes that swim in crevices may
be laterally flattened, whereas fish
that swim in the open may be
wider but streamlined.

3 Assess
Check for Understanding

Linguistic Ask students to
summarize in writing the

characteristics of jawless fishes,
cartilaginous fishes, and bony
fishes.

Reteach
Have students work in groups to
make a table that compares the
characteristics of the three fish
classes. Make sure they include
features such as unique body
structures, scale types, methods
of getting food, and skeletal fea-
tures. Have other groups con-
struct a table that compares the
three subclasses of bony fishes.
Review the tables as a class.

L2

P
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P
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predators of the oceans. Like sharks,
most rays are predators and feed on
or near the ocean floor. Rays have
flat bodies and broad pectoral fins on
their sides. By slowly flapping their
fins up and down, rays can glide,
searching for mollusks and crus-
taceans, along the ocean floor. Some
species of rays have sharp spines with
poison glands for defense on their
long tails. Other species have organs
that generate electricity to kill both
prey and predators.

Three subclasses of bony fishes
Scientists recognize three sub-

classes of bony fishes—the lung-
fishes, the lobe-finned fishes, and the
ray-finned fishes. Figure 30.10
shows examples of each subclass.
Lungfishes have both gills and lungs.
The lobe-finned fishes are repre-
sented by only one living species. In
the ray-finned fishes, fins are fan-

shaped membranes supported by stiff
spines called rays. Ray-finned
fishes—such as catfish, perch,
salmon, and cod—are more familiar
to humans because most of the fishes
we consume belong to this subclass.
You can see the parts of a ray-finned
fish in the Inside Story.

Origins of Fishes
Scientists have identified fossils of

fishes that existed during the early
Ordovician period, 500 million years
ago. For 50 million years, ostraco-
derms (oh STRAHK oh durmz), early
jawless fishes, were the only verte-
brates on Earth. Although most
ostracoderms became extinct at the
end of the Devonian period, 400 mil-
lion years ago, present-day agnathans
appear to be their direct descendants. 

Weighed down by heavy, bony
external armor, ostracoderms, shown
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Figure 30.10
Lungfishes, lobe-finned fishes,
and ray-finned fishes are the
subclasses of the bony fishes.

Lungfishes represent
an ancient subclass
that arose nearly 400
million years ago.
Lungfishes such as
this African lungfish
have both gills and
lungs.

AA

Lobe-finned fishes, such as
this coelacanth, appeared in
the fossil record about 395
million years ago. Long
thought to be extinct, living
examples of coelacanths
were caught off the coast of
Africa beginning in 1938. 

BB

You can easily see the
rays that support the
pectoral fins of this
flying fish, an example
of a ray-finned fish.

CC

824

Knowledge Provide stu-
dents with sheets of three differ-
ent colors of paper. Ask them to
outline what they have learned
about each class of fishes on one
sheet of colored paper. Have stu-
dents write their names on their
papers and place their outlines on
the bulletin board. As they con-
tinue to learn about fishes, have
them include new information on
their papers. L1

P

LS

AssessmentAssessment

BIOLOGY JOURNAL BIOLOGY JOURNAL 

The Geologic History of Fishes
Linguistic Ask students to look up
fishes in geologic history. Ask them to

choose a fish that interests them and to
write about a day in the life of their fossil
fish. They should describe other aquatic
organisms in the environment at the time
and incorporate science facts into their cre-
ative writing.
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PortfolioPortfolio

Exploring Traits of Bony Fishes
Visual-Spatial Have students each
cut out a picture of a bony fish from

a magazine. Ask them to use the Inside
Story as a model to label and identify the
functions of the structures of the fishes in
their pictures. They can paste the picture
on a piece of paper and include it in their
portfolios.
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MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

English Language Learners
Linguistic To help students who
speak English as a second language,

have them work with native English
speakers and practice their English by
explaining the terms and concepts in this
section to their partners.
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in Figure 30.11, were fearsome-
looking animals that swam sluggishly
over the murky seafloor. Although all
ostracoderms had cartilaginous skele-
tons, they also had shields of bone
covering their heads and necks. The
development of bone in these ani-
mals was an important evolutionary
step because bone provides a place
for muscle attachment, which
improves locomotion. In ancestral
fishes, bone that formed into plates
provided protection as well.

Lobe-finned fishes, the coelacanths
(SEE luh kanthz), are another ancient

group, appearing in the fossil record
about 395 million years ago. They are
characterized by lobelike, fleshy fins,
and live at great depths where they are
difficult to find. The limblike skeletal
structure of fleshy fins is thought to be
an ancestral condition of all tetrapods
(animals with four limbs). The earli-
est tetrapods discovered also had gills
and therefore were still aquatic.

Scientists hypothesize that the jaw-
less ostracoderms were the common
ancestors of all fishes. Modern carti-
laginous and bony fishes evolved dur-
ing the mid-Devonian period. 

Section AssessmentSection Assessment

Understanding Main Ideas
1. List three characteristics of fishes.
2. Compare how jawless fishes and cartilaginous

fishes feed.
3. Why was the evolution of a swim bladder 

important to fishes?
4. How does a flexible skeleton aid swimming in

fishes?

Thinking Critically
5. Why was the development of jaws an important

step in the evolution of fishes?

6. Making and Using Tables Construct a table to
compare the characteristics of the jawless, carti-
laginous, and bony fishes. For more help, refer to
Organizing Information in the Skill Handbook.

SKILL REVIEWSKILL REVIEW

Figure 30.11
Ostracoderms, the
earliest vertebrate
fossils found, were
characterized by
bony, external plates
covering the body
and a jawless mouth.
Lacking jaws, ostra-
coderms obtained
food by sucking up
bottom sediments
and sorting out the
nutrients.

Anaspid

Cephalaspid

Heterostracan
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Extension
Have interested students
interview a fly-fishing

expert to find out about the sport
of fly-fishing. Encourage students
to videotape the interview or take
photographs of the techniques
used in the sport. Have students
report their findings to the class
and include a demonstration of
fly tying.

Knowledge Ask students
to list adaptations fishes might
have for each of the following
niches: live on a muddy pond bot-
tom; feed on other fishes; feed on
clams and other mollusks; live in
crevices in a coral reef; live in
deep water where there is no
light.

4 Close
Discussion
Ask students to speculate about
why there are more fishes than
any other type of vertebrate.
Responses may state that all life
began in the water and this environ-
ment has undergone fewer changes
than have terrestrial habitats, thus
reducing the risk of extinction
because of the inability to adapt to
new conditions. Have students pre-
dict how the extinction of fishes
would affect world food supplies.
Because people in many parts of the
world rely on fishes as a major food
source, starvation would occur in
these areas.

L2
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AssessmentAssessment
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Section AssessmentSection AssessmentSection Assessment
1. They have scales, gills, and fins.
2. Lampreys are parasites. Hagfishes are

scavengers. Cartilaginous fishes are
predators.

3. It enables fishes to control their depth 
by regulating the amount of gas in the
bladder.

4. Continuous flexing of the backbone
enables fishes to propel themselves with

muscles attached to the backbone.
5. Jaws enable fishes to grasp and crush

prey with great force and to eat large
chunks of food.

6. Make sure that students compare in their
tables structural features such as skeleton,
lateral line, scales, and swim bladder, as
well as behavioral features such as ways
of getting food and ways of swimming.

Resource 
  Manager
Resource 
  Manager

Reinforcement and Study
Guide, pp. 133-134

Content Mastery, p. 150 L1

P

LS

L2

P
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Section

What Is an Amphibian?
The striking transition from a

completely aquatic larva to an air-
breathing, semiterrestrial adult gives
the class Amphibia (am FIHB ee uh)
its name, which means “double life.”
The class Amphibia includes three
orders: Caudata (kaw DAHT uh), with
salamanders and newts; Anura (uh
NUHR uh), with frogs and toads; and
Apoda (uh POH duh), with legless
caecilians, as shown in Figure 30.12.
Amphibians have thin, moist skin and
four legs. They have no claws on
their toes. Although most adult
amphibians are capable of a terrestrial
existence, nearly all of them rely on
water for reproduction. Fertilization
in most amphibians is external, and
water is needed as a medium for
transporting sperm. Amphibian eggs

lack protective membranes and shells
and must be laid in water to stay
moist. How do frogs capture their
food? Find out by reading the Inside
Story on the next page.

Amphibians are ectotherms
Amphibians are more common in

regions that have warm temperatures
all year because they are ectotherms.

If an alien visitor to our planet
were to watch our television 
programs and read our children’s

literature, it might return home 
with wondrous stories of how frogs 
on Earth can talk and change by 
the touch of a kiss into princes. Frogs
and toads don’t talk, but they do
change—from fishlike tadpoles
to four-legged animals with
bulging eyes, long tongues,
loud songs, and remark-
able jumping ability.

SECTION PREVIEW

Objectives
Relate the demands 
of a terrestrial environ-
ment to the adaptations
of amphibians.
Relate the evolution 
of the three-chambered
heart to the amphibian
lifestyle.

Vocabulary
ectotherm
vocal cords

30.2 Amphibians

Figure 30.12
Caecilians, order
Apoda, are long,
limbless amphibians.
They look like worms
but have eyes that
are covered by skin.

Pickerel frog (above)
and tadpoles (inset)

827

Section 30.2

Prepare
Key Concepts
Students will relate the demands
of a terrestrial environment to
the adaptations of amphibians.
They will also study the diversity
of amphibians.

Planning
■ Purchase a recording of frog

calls and live frogs that have
not been collected from the
wild for the Quick Demos.

■ Gather culture dishes, ther-
mometers, and binocular mi-
croscopes for the BioLab.

1 Focus
Bellringer 
Before presenting the lesson,
display Section Focus Trans-
parency 74 on the overhead pro-
jector and have students answer
the accompanying questions.
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BIOLOGY: The Dynamics of Life SECTION FOCUS TRANSPARENCIES

Use with Chapter 30,
Section 30.2

How do you think these animals get food and oxygen?

Do you think these animals could live away from water
for a few days? Explain your reasoning.
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Air and Water74

MEETING INDIVIDUAL NEEDS MEETING INDIVIDUAL NEEDS 

Visually Impaired
Kinesthetic Provide visually
impaired students with plastic or

clay models of animals from the three
orders of amphibians. Have students com-
pare and contrast the features of each
and describe their adaptations to moist
habitats.
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CD-ROM
Biology: The Dynamics of Life
Exploration: Amphibians
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Adult frog

Young frog with stuctures
needed for life on land.

Tadpoles with legs feed
on plants in the water.

Fertilized eggs

Young legless
tadpoles live
off yolk stored
in their bodies

An ectotherm (EK tuh thurm) is an
animal in which the body tempera-
ture changes with the temperature of
its surroundings. Because many bio-
logical processes require particular
temperature ranges in order to func-
tion, amphibians become dormant in
regions that are too hot or cold for
part of the year. During such times,
many amphibians burrow into the
mud and stay there until suitable
conditions return.

Amphibians undergo 
metamorphosis

Unlike fishes, most amphibians go
through the process of metamorpho-
sis. Fertilized eggs hatch into tadpoles,
the aquatic stage of most amphibians.
You can compare tadpoles with adult
frogs in the MiniLab on the next
page. Tadpoles possess fins, gills, and
a two-chambered heart as seen in
fishes. As tadpoles grow into adult

frogs and toads, they develop legs,
lungs, and a three-chambered heart.
Figure 30.13 shows this life cycle.
You can observe the development of
frog eggs in the Investigate BioLab at
the end of this chapter. 

Young salamanders resemble adults,
but they have gills and usually have a
tail fin. Most adult salamanders lack
gills and fins. Instead, they breathe
through their moist skin or with lungs.
Up to one-fourth of all salamanders
have no lungs and breathe only
through their skin. Most salamanders
have four legs for moving about, but
a few have only two front legs.

Walking requires more energy
The laborious walking of early

amphibians required a great deal of
energy from food and large amounts
of oxygen for aerobic respiration.
The evolution of the three-cham-
bered heart in amphibians ensured
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Figure 30.13
The amphibian life cycle includes
an aquatic tadpole stage and a
terrestrial adult stage. 
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A Frog

Many species of frogs look similar. As adults, they
have short, bulbous bodies with no tails. This

adaptation allows them to jump more easily.

Critical Thinking How does a three-chambered heart
benefit a frog?

Green frog, Rana clamitans

INSIDE
SSTORTORYY

INSIDE

Tympanic membrane Vibrations
from water or air are picked up by
the tympanic membrane and trans-
mitted to the inner ear and then to
the brain. The tympanic membrane
also amplifies the sounds frogs make.

22

Eyes Some frogs’ eyes protrude from the
tops of their heads—an adaptation that
enables them to stay submerged in the water
with only their eyes above the surface.

11

Tongue A frog’s
tongue is long, sticky,
and fastened to the
front of the mouth.
These adaptations
allow frogs to snare
their prey, such as
flies, with amazing
accuracy.

33

Lungs Lungs enable
adult amphibians to
breathe air.

44

Calls Male frogs
use sound to attract
females. Females
have distinct calls to
indicate whether or
not they are willing
to mate. 

55

Legs The hind legs of a
frog are muscular. If you
have ever tried to catch a
frog, you can appreciate the
power in these leg muscles.

66
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IINSIDENSIDE
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2 Teach
Purpose 
Students learn about the impor-
tant features of frogs.

Teaching Strategies
■ Have a live frog available as
well as wall charts showing the
internal and external anatomy of
a frog. As each feature is dis-
cussed in the Inside Story, point
out the corresponding feature on
the live frog and wall charts.
■ Divide students into teams.
Provide each team with birthday
blowers that have a small piece of
Velcro attached to the tip of the
blowers. Attach the complemen-
tary piece of Velcro to a small
piece of ribbon. Have one stu-
dent on each team move the rib-
bon “fly” while another student
uses the blower “tongue” to try
to catch the “fly.” Ask students
how this model illustrates how a
frog obtains food. Ask them to
point out how the model is not
like a real frog’s tongue.

Visual Learning
■ Provide each student with 

an acetate transparency and
markers. Have them lay the
transparency on the frog dia-
gram shown and trace the out-
line of the frog on the acetate.
Encourage students to label
each of the structures shown in
the diagram. L1

P

LS

P

COOP LEARN

LS

P

ELL

LS

L1

P

LS

P

LS

Quick DemoQuick Demo

Naturalist Divide the
class into groups. Give

each group a live frog inside 
a large, clear container. Ask
students to describe any behav-
iors they observe in the frog.
Students are likely to describe
the frog jumping, moving
about, or breathing. Elicit from
students how these activities
may be suited to life on land.
Make sure the frogs you use
have not been collected from
the wild.

P

LS

L1

P

LS

BIOLOGY JOURNAL BIOLOGY JOURNAL 

Mapping Amphibian Habitats
Visual-Spatial Give students a blank
world map and ask them to use an

atlas of world wildlife to find out where
various amphibians live. Have them color
code their maps for various types of
amphibians and place their maps in their
journals.

P

LS
P

ELL

LS

L2

P

LS

PortfolioPortfolio

Frog Life Cycle
Visual-Spatial Have students make
a flowchart that traces the stages in

the frog life cycle. Ask students to
describe the features of each stage of the
life cycle and how each feature benefits
the organism at that stage.
P

LS

PP

LS

L2

P

LS

The BioLab at the
end of the chapter
can be used at this
point in the lesson.

INVESTIGATEINVESTIGATE

CD-ROM
Biology: The Dynamics of Life
Video: Feeding Frog

Video: Frog Behavior
Disc 4

VIDEODISC
The Secret of Life
Fish/Amphibian—

Air Exchange

Fish/Amphibian Heart

!7;JLI"

!7;H.D"

Visual Learning
Figure 30.13 Ask students how
having two different stages in a
life cycle could have survival
value for a species. Responses may
suggest that the two stages help the
species survive during adverse or
changing climate conditions on land
or in water.

■ Ask students to use the trans-
parencies they made to prepare
a presentation about frogs for
an elementary school science
class. Have students outline the
features to be covered in their
presentations.

Critical Thinking
The frog’s three-chambered
heart can pump more oxygenated
blood and thereby make more
energy available to it.

L2

P

LS

Resource ManagerResource Manager
Reteaching Skills Transparency 44 and
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Critical Thinking/Problem Solving, p.30

Concept Mapping, p. 30
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have short legs and bumpy, dry skin.
Like fishes, frogs and toads have jaws
and teeth. All adult frogs and toads
eat insects. Many species of frogs and
toads secrete chemicals through their
skin as a defense against predators.
Some frogs and toads produce toxins
that can kill predators, such as dogs,
quickly. You can find out more about
poisonous frogs in the Chemistry
Connection at the end of this chapter.

Frogs and toads also have vocal
cords that are capable of producing a
wide range of sounds. Vocal cords
are sound-producing bands of tissue
in the throat. As air moves over the
vocal cords, they vibrate and cause
molecules in the air to vibrate. In
many male frogs, air passes over the
vocal cords, then passes into a pair of
vocal sacs lying underneath the
throat, illustrated in Figure 30.14.

Frogs and toads, like all amphib-
ians, spend part of their life cycle in
water and part on land. They breathe
through lungs or through their thin
skins. As a result, frogs and toads
often are among the first organisms
to be exposed to pollutants in the air,
on land, or in the water. Declining
numbers of frog species, or deformi-
ties in local frogs, sometimes indicate
that the environment is no longer
healthy. 

Salamanders belong 
to the order Caudata

Unlike a frog or toad, a salaman-
der has a long, slender body with a
neck and tail. Salamanders resemble
lizards, but have smooth, moist skin
and lack claws. Some salamanders are
totally aquatic, and others live in
damp places on land. They range in
size from a few centimeters in length
up to 1.5 m. Newts are salamanders
that live entirely in water. The young
that hatch from salamander eggs look
like small adults and are carnivorous.

Caecilians are 
limbless amphibians

Caecilians are amphibians that
have no limbs, with a short, or no,
tail. Caecilians are primarily tropical
animals with small eyes that are often
blind. They eat earthworms and
other invertebrates found in the soil.

Origins of Amphibians
Imagine a time 350 million years

ago when the inland, freshwater seas
were filled with carnivorous fishes.
One type of tetrapod had evolved
that retained gills for breathing and a
finned tail for swimming. In later fos-
sils, the four limbs are found further
below the body to lift it off the
ground. Any animal that could move
over land from the mud of a drying
stream to another water source might
survive. Most likely, amphibians
arose as their ability to breathe air
through well-developed lungs
evolved. The success of inhabiting
the land depended on adaptations
that would provide support, protect
membranes involved in respiration,
and provide efficient circulation.
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Figure 30.14
Most male frogs have
throat pouches that,
along with the tym-
panic membrane,
increase the volume
of their calls. 
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Using an Analogy
A frog senses sound and other
vibrations by means of tympanic
membranes, circular structures
located just behind the eyes of
the frog. The tympanic mem-
brane vibrates much like the skin
of a drum to alert the frog to
sounds. Ask students to hypothe-
size why the sense of hearing is
important to a frog. The sense of
hearing is important to a frog for
hearing the calls of mates and to
avoid predators.

Looking at Frog and 
Tadpole Adaptations
An adult frog and its larval 
stage are adapted to dif-
ferent habitats. How are 
the structures of a frog 
and a tadpole adapted to 
their environments? 

Procedure
! Copy the data table.
@ Examine a living or preserved adult frog and larval 

(tadpole) stage. CAUTION: Wear disposable latex gloves
and use a forceps when handling preserved specimens.

# Observe the first seven traits listed. Complete your data
table for these observations.

$ Use references to fill in the information for the last three
traits listed.

Analysis
1. Explain how hind leg musculature aids in adult frog survival. 
2. Correlate the type of respiratory organ in an adult and a

tadpole with their differing habitats. 
3. Correlate the type of appendages (arm, leg, tail) in an

adult and a tadpole with their differing habitats.
4. Correlate mouth size in an adult and a tadpole with their

differing diet.
5. Explain how eyes may aid in the survival of both stages.
6. Explain why the tympanic membrane may not be essential

to the survival of a tadpole.
7. Predict how skin color and texture aids in adult frog 

survival. CAUTION: Wash your hands after working with
live or preserved animals.

MiniLab 30-2MiniLab 30-2 Comparing and Contrasting
that cells received the proper amount
of oxygen. This heart was an impor-
tant evolutionary transition from the
simple circulatory system of fishes.

In the three-chambered heart
of amphibians, one chamber
receives oxygen-rich blood
from the lungs and skin, and
another chamber receives 
oxygen-poor blood from the
body tissues. Blood from both
chambers then moves to the
third chamber, which pumps

oxygen-rich blood to body tissues
and oxygen-poor blood back to the
lungs and skin so it can pick up more
oxygen. This results in some mixing
of oxygen-rich and oxygen-poor
blood in the amphibian heart and in
blood vessels leading away from the
heart. Thus, in amphibians, the skin
is much more important than the
lungs as an organ for gas exchange.

Because the skin of an amphibian
must stay moist to exchange gases,
most amphibians are limited to life
on the water’s edge. However, some
newts and salamanders remain totally
aquatic. Amphibians such as toads
have thicker skin, and although they
live primarily on land, they still must
return to water to reproduce.

Diversity of Amphibians
Because amphibians still complete

part of their life cycle in water, they
are limited to the edges of ponds,
lakes, streams, and rivers or to areas
that remain damp during part of the
year. Although they are not easily
seen, amphibian species are numer-
ous worldwide.

Frogs and toads belong 
to the order Anura

Frogs and toads are amphibians
with no tails. Frogs have long hind
legs and smooth, moist skin. Toads
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Trait or information AdultTadpole

Limbs present?

Eyes present?

Tympanic membrane present?

Tail present?

Mouth present?

Nature of skin (color and texture)

General size

Respiratory organ type

Diet

Habitat

Data Table

Rana 
temporaria

830

Purpose 
Students will compare and con-
trast the appearance and traits of
an adult frog and a tadpole.

Process Skills
compare and contrast, acquire
information, recognize cause and
effect, think critically

Teaching Strategies
■ Preserved materials are avail-
able from biological supply
houses. Retain preserved speci-
mens for the following year.
■ Place preserved materials on
paper toweling or on trays.
■ Binocular microscopes may be
used to observe the skin.
■ Provide references for the
information regarding diet; larvae
feed on algae, adults feed on
insects, small fishes, and worms.

Expected Results
Tadpoles have a tail, gills, no
tympanic membrane, and no
limbs at early stages. Adults have
lungs. All other traits are shared.
Coloration of stages may vary
with species being observed.
Tadpoles feed on algae, adults on
insects, worms, and small fishes.
Tadpoles are confined to aquatic
habitats; adults live both on land
and in water.

Analysis
1. allows frog to escape preda-

tors, aids in swimming
2. Diffusion of oxygen occurs

between lungs and air, and
between gills and water.

3. A tadpole has a tail for swim-
ming in water. An adult frog
has legs for jumping away
from predators and catching
prey.

4. A tadpole has a small mouth
for eating algae. An adult
frog has a large mouth for
eating insects, worms, and
fishes.

5. seeing food and predators
6. An adult can hear mating

calls to enable reproduction.
Tadpoles do not reproduce.

7. protective coloration from
predators, thin skin aids in
gas exchange

P

LS

MiniLab 30-2MiniLab 30-2 Quick DemoQuick Demo

Auditory-Musical Play a
recording of frog calls.

Use the recording to initiate a
class discussion about how frogs
call using vocal cords and air
sacs. Ask students to speculate
about why frogs call. Responses
may indicate to identify a terri-
tory, to attract mates, or to sig-
nal distress.

P

LS

P R O J E C T
Amphibians in Decline

Linguistic Ask students to report on
the results of recent studies of the

worldwide decline of amphibians.
P

LS

L3

P

LS

Portfolio Have students locate refer-
ences that describe time needed for meta-
morphosis to occur. Ask them to prepare a
poster that compares length of metamorpho-
sis for different frog species. Use the
Performance Task Assessment List for
Poster in PASC, p. 73. L2

P

LS

AssessmentAssessment

VIDEODISC
Biology: The Dynamics of Life
Frog Behavior (Ch. 3)

Disc 2, Side 1
32 sec.!7JÅ"

Feeding Frog (Ch. 4)
Disc 2, Side 1
13 sec.!7TÇ"

VIDEODISC
GTV: Planetary
Manager

Animal  
Side 2

!7RS~I"

Resource ManagerResource Manager
BioLab and MiniLab Worksheets,

pp. 135-136 L2

P
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Recall that early vertebrates
evolved from mud-sucking, swim-
ming fishes to aquatic tetrapods.
Scientists have found fossil evidence
that supports the hypothesis that
limbs first evolved in aquatic animals.
Some of these aquatic vertebrates
evolved into air-gulping animals that

crawled from one pond to another,
and finally to fully developed
amphibians that lived mainly on land.
Although the fossil record for fishes
and amphibians is incomplete, most
scientists agree that the relationships
shown in Figure 30.17 represent the
best fit for the available evidence. 
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PRESENTCENOZOICPALEOZOICPRECAMBRIAN MESOZOIC

Frogs and Toads
3700 species

Salamanders
400 species

Lungfishes
6 species

Placoderms

Lobe-finned
fishes

1 species Ray-Finned Fishes
18 000 species

Sharks
and Rays
850 species

Ostracoderms

Early
tetrapod

Reptiles

Lampreys

63 species

Hagfishes

Osteichthyes

Agnatha

Amphibians

Chondrichthyes

Section AssessmentSection Assessment

Understanding Main Ideas
1. Describe the events that may have led early ani-

mals to move to land.
2. List three characteristics of amphibians.
3. Name two ways that amphibians depend on

water.
4. How does metamorphosis through two different

forms benefit amphibians?

Thinking Critically
5. How does a three-chambered heart enable

amphibians to obtain the energy needed for
movement on land?

6. Sequencing Trace the evolutionary develop-
ment of amphibians from lungfishes. For more
help, refer to Organizing Information in the Skill
Handbook.

SKILL REVIEWSKILL REVIEW

Figure 30.17
The radiation of classes of fishes
and orders of amphibians on the
Geologic Time Scale shows their
relationships.

ANIMALS

Reteach
Prepare six sets of flash cards
with the vocabulary terms and
names of the anatomical struc-
tures discussed in this section on
one side and the meaning of the
term or function of the structure
on the other side. Have students
work in groups to use the cards
to review the terms and concepts
in this section.

Extension
Ask students to prepare a cartoon
that includes a frog. The cartoon
should be humorous and accu-
rately portray some aspect of the
frog’s environment, life history,
or evolution. Have students
examine some Far Side cartoons
by Gary Larson as examples.

Skill Have students write a
description for a perfectly adapted
toad that lives in a dry region
with puddles that form after rain
and with many hawks that prey
on toads. Students’ descriptions
should include how the toad
would protect itself, reproduce,
prevent water loss from its body,
and obtain food.

4 Close
Audiovisual
Show slides or a videotape of
amphibians from around the
world.

L2

P

LS

AssessmentAssessment
P

ELL

LS

L3

P

LS

P

COOP LEARN

LS

L1

P

LS

Challenges of life on land
Life on land held many advantages

for early amphibians. There was a
large food supply, shelter, and no
predators. In addition, there was
much more oxygen in air than in
water. However, land life also held
many dangers. Unlike the tempera-
ture of water, which remains fairly
constant, air temperatures vary a great

deal. In addition, without the support
of water, the body was clumsy and
heavy. Some of the efforts to move
on land by early amphibians probably
were like movements of modern-day
salamanders. The legs of salamanders
are set at right angles to the body.
You can see in Figure 30.15 why the
bellies of these animals may have
dragged on the ground.

Amphibians first appeared about
360 million years ago. Amphibians
probably evolved from an aquatic
tetrapod, as shown in Figure 30.16,
around the middle of the Paleozoic
Era. At that time, the climate on
Earth is known to have become warm
and wet, ideally suited for an adaptive
radiation of amphibians. Able to
breathe through their lungs, gills, or
skin, amphibians became, for a time,
the dominant vertebrates on land.
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Figure 30.16
Transitional fossils with four limbs
from the Devonian period show
that they had amphibian charac-
teristics, but they also retained
some fishlike features.

Figure 30.15
Adaptation to life on
land involves the
positioning of limbs.
The evolution of
tetrapods led to the
diversification of land
vertebrates.

Reptiles such as
this crocodile have
legs on the sides
of their bodies,
like amphibians,
but the limbs have
joints that enable
them to bend and
hold the body up
off the ground.

BB

Like reptiles, mammal bodies are raised
above the ground, but the limbs are
positioned underneath the body. This
position allows greater speed of locomo-
tion, making mammals such as this chee-
tah the fastest-moving land animals.

CC

The salamander, an
amphibian, has legs
that extend at right
angles to its body.

AA
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Performance Ask a group
of students to design a review
game for concepts in this section.
Tell them to base their game on a
TV quiz show and to prepare
cards or other materials needed so
that the class or groups in the
class can play the game. L2

P

LS

AssessmentAssessment

Frog Greeting Cards
Kinesthetic Have a group
of students design a chil-

dren’s greeting card featuring
frogs. The card should include
information about frogs or
other amphibians. Students
should use their creativity to
develop this card. Remind stu-
dents that cards can pop up,
make sound, and have shapes
other than a rectangle.

P

LS
P

ELL

LS

L2

P
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BIOLOGY JOURNAL BIOLOGY JOURNAL 

Researching Local Amphibians
Linguistic Provide students with
sources about local amphibians. Ask

them to draw sketches and write a para-
graph about several local amphibians. Ask
them to place this information in their
journals.

P

LS

L2

P

LS

3 Assess
Check for Understanding
Have students develop a table
with the following headings:
Trait, Anura, and Caudata.
Beneath the Trait heading, have
students list: Symmetry, Habitat,
Food getting, Reproduction,
Locomotion, Respiration, Pro-
tection, Examples. Have them
review this section to complete
their tables. L2

P

LS

Section AssessmentSection AssessmentSection Assessment
1. Shallow inland seas were affected by

periodic droughts. Early tetrapods
with gills and limbs were able to
move briefly across land to another
water source for survival.

2. three-chambered hearts, eggs with-
out shells laid in water,  smooth, moist
skin

3. external fertilization, growth and
development of eggs, development
of larval stage

4. Tadpoles and adult frogs use different
food sources and, therefore, do not
compete with one another for food.

5. Cells obtain oxygen quickly in a three-
chambered heart. The heart is a more

efficient pump, enabling oxygen to
reach cells quickly, thereby enabling
the animal to move quickly.

6. Amphibians first appeared about 350
million years ago, probably evolving
from the lungfishes. Over time, the
lungfishes evolved legs and feet
suited to a land environment.

833

Resource ManagerResource Manager
Basic Concepts Transparency 53 and
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Reinforcement and Study Guide,
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Content Mastery, pp. 149, 151-152
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32-cell stage at 3 hours, the late
gastrula stage at 9 hours, and a
visible head area between 18 and
20 hours. Hatching will occur at
about 50 hours (about two days).

4. Set up the appropriate numbers 
of light bulbs of different wattages
over the water to keep the 
temperatures at 20°, 25°, and
30°C.

5. Place a dish of eggs in the refrig-
erator. Measure the temperature
of your refrigerator. Keep a flash-
light on in the refrigerator at all
times so that you have only one
variable, the temperature.

6. Make a hypothesis about how
temperature will affect develop-
ment of the eggs.

7. Set up a time schedule for obser-
vations and making sketches
based on what stage you are
observing. Make observations
until the eggs hatch. Record your
observations in a journal.

8. Observe your eggs under the
microscope according to the sched-
ule you have made. Draw sketches
of your eggs in the data table.
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30° C

25° C

20° C

refrigerator

Day 2Day 1Temperature Day 3

Data Table

Going FurtherGoing Further

Make a Hypothesis Make a hypothesis
about what other environmental factors
would affect the development of frog eggs.
Explain your reasoning.

To find out more about
metamorphosis, visit the

Glencoe Science Web Site.
www.glencoe.com/sec/science

1. Interpreting Observations
Which eggs develop the fastest?
The slowest? Explain.

2. Interpreting Observations Did
your data support your hypothesis?
Explain.

3. Drawing Conclusions What
advantage is it for frogs to have
eggs that develop at different
rates that correspond to different
temperatures?

4. Thinking Critically What would
happen if frog eggs developed

when the weather was still cold in
the spring?

ANALYZE AND CONCLUDEANALYZE AND CONCLUDE

INVESTIGATEINVESTIGATE

1. Egg development and cell
division occur more quickly
at warmer temperatures. Cell
division is slower at lower
temperatures.

2. Check students’ data to see
how they supported their
hypotheses.

3. The tadpoles will hatch when
temperature is most con-
ducive for survival. Perhaps
more food is available at
warmer temperatures.

4. The tadpoles might not sur-
vive or adequate food may
not be available when the
water is cold.

Error Analysis
Light bulbs and their distances
from the dishes should not be
disturbed during the experiment.
Ask students why this is impor-
tant. Ask students why it is
important for them to wash their
hands both before and after mak-
ing observations.

Portfolio Ask students to
summarize in their portfolios
what they have learned in this lab.
Use the Performance Task
Assessment List for Lab Report
in PASC, p. 47. L2

P

LS

AssessmentAssessment

ANALYZE AND CONCLUDEANALYZE AND CONCLUDE
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Data and Observations
Eggs develop more quickly at warmer tem-
peratures and more slowly at cooler temper-
atures.

Going FurtherGoing Further

Students’ hypotheses may in-
clude that UV light or chemical
pollution of water may destroy
developing egg cells; or lack of
oxygen in water due to decom-
position of organic matter may
affect egg development.
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Development 
of Frog Eggs

Most frogs breed in water. The male releases sperm over the female’s
eggs as she lays them. Some frogs lay up to a thousand eggs. A jel-

lylike casing protects the eggs as they grow into embryos. When the em-
bryos hatch, they develop into aquatic larvae commonly called tadpoles.
Tadpoles feed by scooping algae from the water or by scraping algae from
water plants with small, toothlike projections in their mouths.

During metamorphosis, tadpoles lose their tails and develop legs.
Many internal changes take place as well. Gills are reabsorbed by the
body, and lungs form. Development and metamorphosis to the adult frog
take from three weeks up to several years, depending upon the species.

INVESTIGATEINVESTIGATE

Problem
How does temperature affect the

development of frog eggs?

Objectives
In this BioLab, you will:
■ Compare develop-

ment of frog eggs at
varying tempera-
tures.

■ Distinguish among
various stages of
development.

Materials
Ringer’s solution
4 culture dishes
light bulbs with source of electricity
thermometer
binocular microscope
frog eggs, Xenopus laevis
flashlight

Safety Precautions
Always wear goggles in the lab.

Wash hands before and after each
observation.

Skill Handbook
Use the Skill Handbook if you need

additional help with this lab.

PREPARATIONPREPARATION

1. Obtain four culture dishes of
Ringer’s solution and fertilized
frog eggs.

2. Make a data table similar to the
one shown for sketching of stages
of development of the eggs.

3. Observe your eggs and determine
their stage of development. At
room temperature, you should
see the two-cell stage about 1.5
hours after fertilization, the
eight-cell stage at 2.25 hours, the

PROCEDUREPROCEDURE

INVESTIGATEINVESTIGATE

Time Allotment 
First day—one class period.
Every day for 2 weeks—10 min-
utes.

Process Skills
observe and infer, compare and
contrast, form a hypothesis,
interpret data, recognize cause
and effect

Safety Precautions
■ Encourage students to treat

living organisms in a humane
manner at all times.

■ Students should wash their
hands after each observation.

■ Caution students to avoid skin
and eye contact with Ringer’s
solution.

■ Make sure students’ hands and
work area are dry when using
electrical materials.

■ Use sterile Ringer’s solution to
help prevent contamination by
bacteria and fungi. Ask stu-
dents to avoid touching the
solution to prevent contamina-
tion.

Alternative Materials
■ Make sure to use frog eggs

that have a short development
time. It is best not to collect
eggs from the wild as amphib-
ians are declining worldwide.
Order eggs from a biological
supply house.

PREPARATIONPREPARATION
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Teaching Strategies
■ Review frog development before students
carry out the lab.
■ Have students work in cooperative
groups to reduce the materials needed. Each
person in the group should have a specific
job during the data collection period.
■ Explain that the white part of the egg is
the yolk and the black part is the developing

tadpole. The yolk is used for food by the
developing tadpole. The jellylike substance
surrounds and protects the egg.
■ Students should be able to observe move-
ment of the tadpole just before it hatches.

Resource ManagerResource Manager
BioLab and MiniLab Worksheets,

pp. 137-138 L2
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SUMMARYSUMMARY

Section 30.1

Section 30.2

Main Ideas
■ Fishes are vertebrates with backbones and nerve

cords that have expanded into brains.
■ Fishes belong to three groups: the jawless lam-

preys and hagfishes, the cartilaginous sharks and
rays, and the bony fishes. Bony fishes are made
up of three groups: the lobe-finned fishes, the
lung-fishes, and the ray-finned fishes.

■ Jawless, cartilaginous, and bony fishes may have
evolved from ancient ostracoderms.

Vocabulary
cartilage (p. 823)
fin (p. 820)
lateral line system 

(p. 820)
scale (p. 821)
spawning (p. 819)
swim bladder (p. 822)

Fishes

Main Ideas
■ Adult amphibians have three-chambered hearts

that provide oxygen to body tissues, but most
gas exchange takes place through the skin.

■ Land animals face problems of dehydration, gas
exchange in the air, and support for heavy bod-
ies. Amphibians possess adaptations well-suited
for life on land.

■ Amphibians probably evolved from ancient
aquatic tetrapods.

Vocabulary
ectotherm (p. 829)
vocal cords (p. 831)Amphibians
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1. An animal with gill slits, a dorsal hollow
nerve cord, and a backbone is a(n) ________.
a. invertebrate
b. invertebrate chordate
c. vertebrate
d. echinoderm

2. In addition to fishes, the subphylum Verte-
brata includes ________.
a. amphibians, reptiles, birds, and mammals
b. echinoderms, reptiles, birds, and mammals
c. tunicates, lancelets, reptiles, and birds
d. tunicates, reptiles, birds, and mammals

3. Scientists hypothesize that the common
ancestors to all fishes are the ________.
a. amphibians c. ostracoderms
b. echinoderms d. lancelets

UNDERSTANDING MAIN IDEASUNDERSTANDING MAIN IDEAS 4. How do jawless fishes obtain food?
a. by injecting prey with poison from their

hooklike fangs
b. by using their round mouths like vacuum

cleaners to suck up organic matter
c. by drilling a hole and sucking out blood

and insides of a prey animal
d. by using their sharp teeth to grab and

swallow smaller fishes
5. Which of the following is NOT a character-

istic of most fishes?
a. have scales
b. have a two-chambered heart
c. breathe using gills
d. exchange gases through thin, moist skin

6. ________ use fins like the stabilizers of boats.
a. Frogs c. Sea stars
b. Fishes d. Lancelets

837

Main Ideas
Summary statements can be used
by students to review the major
concepts of the chapter.

Using the Vocabulary
To reinforce chapter vocabulary, use
the Content Mastery Booklet and
the activities in the Interactive Tutor
for Biology: The Dynamics of Life on
the Glencoe Science Web Site.
www.glencoe.com/sec/science

1. c
2. a
3. c
4. c
5. d
6. b

UNDERSTANDING MAIN IDEASUNDERSTANDING MAIN IDEAS
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All Chapter
Assessment

questions and answers have been
validated for accuracy and suitabil-
ity by The Princeton Review.

Resource ManagerResource Manager

Chapter Assessment, pp. 175-180
MindJogger Videoquizzes
Computer Test Bank
BDOL Interactive CD-ROM, Chapter 30

quiz 

The most colorful frogs in the world are found in
South and Central America. These poisonous

frogs, including 130 species of the Dendrobatidae
family, range in size from 1 to 5 cm. Although

all frogs have glands that produce secretions, these
frogs secrete toxic chemicals through their skin. A
predator will usually drop the foul-tasting frog
when it feels the numbing or burning effects of

the poison in its mouth. The frogs advertise their
poisonous personalities by bright coloration; they
may be red or blue, solid colored, marked with
stripes or spots, or have a mottled appearance.

The poison secreted by these frogs is used by native
peoples to coat the tips of the darts they use in

their blow guns for hunting. Thus, these frogs are
known as poison-arrow frogs.

The secretions of the poison-arrow frogs of
the frog family Dendrobatidae are alkaloid

toxins. An alkaloid toxin is a compound that
includes a ring consisting of five carbon atoms
and one nitrogen atom. The toxins secreted by
poisonous frogs act on an ion channel between
nerve and muscle cells. Normally, the channel is
open to allow movement of sodium, potassium,
and calcium ions. The toxins can block the flow
of potassium and stop or prolong nerve impulse
transmission and muscle contraction. One group
of alkaloids affects the transport of calcium ions,
which are responsible for muscle contraction.
Current research indicates that these alkaloids
may have clinical applications for muscle diseases
and as pain killers.

Frog poison eases pain Recent research shows
that a drug derived from the extract from the
poison-arrow frog, Epipedobates tricolor, works as a
powerful pain killer. The drug ABT-594 may
have the same benefits as morphine, but not the
side effects. Morphine is the primary drug used
to treat the severe and unrelenting pain caused by

cancer and serious injuries. Side effects of mor-
phine include suppressed breathing and addic-
tion. The “frog drug” does not interfere with
breathing and does not appear to be addictive in
initial testing. Another benefit of ABT-594 is
that as it blocks pain, it does not block other sen-
sations, such as touch or mild heat. One day pain
you experience might be eased by a frog!

836 FISHES AND AMPHIBIANS

Connection
ChemistryChemistry

Connection Killer Frogs

Research on newly discovered organisms such as
poisonous frogs may result in drugs to treat spe-
cific disorders in human patients. Find out what
human diseases are caused by problems in the
transmission of nerve impulses and write an essay
identifying the disorders that might be treated by
toxins from poisonous frogs.

To find out more about poiso-
nous frogs, visit the Glencoe

Science Web Site.
www.glencoe.com/sec/science

CONNECTION TO BIOLOGYCONNECTION TO BIOLOGY
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Poison-arrow frog, Epipedobates tricolor
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Purpose 
Students will study the nature of
poisonous frogs and how their
secretions affect cell chemistry of
the prey.

Teaching Strategies
■ Review details of ion channels
in cell membranes.
■ Have students diagram the two
different actions frog toxins may
have on cells.
■ Poisons from all species of
poison arrow frogs are extremely
toxic. Barely 2 micrograms of
these toxins can kill an adult
human. Each frog can produce
200 micrograms of poison. Ask
students to speculate about why
these frogs are brightly colored.
The color advertises their deadly con-
dition to potential predators.
■ Have students research species
of poison arrow frogs to find out
which species are the most
deadly.
■ Ask students whether scientists
should lobby for tropical rain for-
est protection in view of the
medical potential of some of
these species.

Connection to Biology
Responses will vary depending
upon the human diseases re-
searched.

P

LS

Connection
ChemistryChemistry

Connection

Internet Address Book

Note Internet addresses that you find useful in the space
below for quick reference.

VIDEODISC
STV: Rain Forest
Poison-Arrow Frog

Side 1

!7Vi~3"
VIDEOTAPE
MindJogger Videoquizzes

Chapter 30: Fishes and Amphibians
Have students work in groups as they play
the videoquiz game to review key chapter
concepts.

http://www.glencoe.com/sec/science
http://www.glencoe.com/sec/science
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24. A male sea horse incubates fertilized eggs in a
brood pouch. A codfish lays its eggs in the
open sea. Which of these two types of fishes
would need to lay more eggs? Why?

25. Using a Graph The following graph shows
the number of leopard frogs in a wetland on a
farm. One year, there was a prolonged
drought in the farmer’s area. What year did
the drought occur? Explain.

26. Concept Mapping Complete the concept
map by using the following vocabulary terms:
lateral line system, scales, swim bladder.

THINKING CRITICALLYTHINKING CRITICALLY

ASSESSING KNOWLEDGE & SKILLSASSESSING KNOWLEDGE & SKILLS

Amphibian populations are declining in
many parts of the world. To reintroduce
native amphibians into your state, assume
you have a grant to breed frogs on a farm.
To find out what temperature you need for
optimum hatching of frog eggs, you test
eggs at four different temperatures.

Interpreting Data Answer the following
questions based on the graph.
1. How many eggs hatched at 25°C?

a. 150 c. 110
b. 70 d. 15

2. At which temperature did the fewest
eggs hatch?
a. 15°C c. 25°C
b. 20°C d. 30°C

3. Based on the results of your experiment,
what temperature will you use for opti-
mum hatching of eggs?
a. 15°C c. 25°C
b. 20°C d. 30°C

4. Designing an Experiment You are 
trying to find out the optimum pH for
hatching frog eggs. Design a controlled
experiment that would give you 
quantitative data.
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Temperatures in 5 Days

N
um

be
r o

f f
ro

gs

1995 1996

Year

1997 1998

Number of Frogs in a Wetland

Fishes

are vertebrates that

two-chambered
heart

1. 2.

3.

have a

sense 
vibrations 

with a

have a

protect 
skin 
with

For additional review, use the assessment
options for this chapter found on the Biology: The
Dynamics of Life Interactive CD-ROM and on the
Glencoe Science Web Site.
www.glencoe.com/sec/science

CD-ROM
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24. Cod are a type of fish that lay
greater numbers of eggs. The
eggs are unprotected in the
ocean and most hatchlings die
before reaching adult size.

25. Probably in 1997 because there
was a decrease in the size of the
frog population that year.

26. 1. Lateral line system; 2. Scales;
3. Swim bladder

THINKING CRITICALLYTHINKING CRITICALLY

Chapter 30 AssessmentChapter 30 Assessment

1. a
2. a
3. c
4. Grow frog eggs in sepa-

rate solutions with various
pH levels. Count how
many eggs hatch in each
solution after a specific
number of days.
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7. The lateral line system enables a ________ to
detect movement and vibrations in the water.
a. frog c. toad
b. salamander d. fish

8. The class Amphibia is well-named because
amphibians ________.
a. spend part of their lives on land and 

part in water
b. lay shelled eggs on land but develop 

in water
c. spend part of their lives in the air and 

part on land
d. use swim bladders for breathing in water

but use lungs on land
9. Reptiles have legs on the sides of their 

bodies, but the limbs are flexed. Salamanders
have legs that ________.
a. extend straight out from the body 

and do not bend
b. extend at right angles from the sides 

of the body 
c. are missing some of the key bones 

of reptiles
d. evolved from shark’s fins

10. The evolution of a three-chambered heart in
amphibians ensured that cells receive the
proper amount of ________.
a. oxygen c. blood
b. carbon dioxide d. heat

11. The skeletons of lampreys, hagfishes, sharks,
and their relatives are made of ________.

12. In all fishes, gas exchange takes place in the
________.

13. The ________-chambered 
heart pictured to the 
right belongs to 
a(n) ________.

14. A fish that has a niche similar to a leech is
a(n) ________.

15. Fishes control their depth in the water by
altering the amount of ________ in their
________.

16. The ________ enables a fish to navigate in
the dark.

17. Fossil evidence shows that early tetrapods
had ________ like fishes and ________ like
amphibians.

18. Both hagfishes and sharks have ________
skeletons.

19. Fishes and amphibians are ________
because their body temperature reflects the
temperature of their surroundings. 

20. The ________ in the diagram below has legs
that show an earlier evolutionary origin than
the other animals pictured.

21. What accounts for the different body shapes
of fishes?

22. What are the advantages and disadvantages
of internal fertilization?

23. Describe the importance of the evolution 
of bone in fishes to the evolution of verte-
brates.

APPLYING MAIN IDEASAPPLYING MAIN IDEAS

838 CHAPTER 30 ASSESSMENT

TEST–TAKING TIPTEST–TAKING TIP

Skip Around, if You Can 
Just because the questions are in order doesn’t
mean that you have to answer them that way. You
may want to skip over hard questions and come
back to them later, after you’ve answered all the
easier questions that will guarantee you more
points toward your score. 

a.

c.

b.

838

7. d
8. a
9. b

10. a
11. cartilage
12. gills
13. two; fish
14. lamprey
15. gases; swim bladder
16. lateral line system
17. gills; limbs
18. cartilaginous
19. ectotherms
20. salamander

21. They occupy different niches.
22. Advantages: egg and sperm are

assured of coming together;
male and female do not have to
produce as many gametes.
Disadvantages: male and
female must find each other
and be ready for reproduction
at the same time.

23. Bone provides the support land
vertebrates need for locomo-
tion on land.

APPLYING MAIN IDEASAPPLYING MAIN IDEAS
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