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Section

Essential Guestions

@ How do adaptations enable animals to
five in different habitats?

@ How s structure and function related
in animais?

& What are the stages of embryonic
development In animals?

Review Yocabulary

protist: diverse group of unicefular

or multicellular eukaryotes that lack
complex organ systems and live in moist
environments

Mew Yocabulary

invertebrate
exoskeleton
endoskeleton
vertebrate
hermaphrodite
zygole

internal fertilization
external fertilization
blastuia

gastrula

endoderm
ectoderm
mesoderm

) ; Multilingual eGlossary

- Bigure 49 Present-day animals, such

as this Bengal tiger, might have evolved from
choanofiageltates such as this colony of
Zoothamniwm.

Bengal tiger
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| Animals are multiceliular, eukaryotic heterotrophs that have
eveolved to live in many different habitats.

Beal-Yarld Reading Link When you think of animals, you might think of creatures that
are furry and fuzzy. However, animals can have other outer coverings, such as feathers
on birds and scales on fishes. Some animals even might be mistaken for plants.

eneral Animal FPeatures

Recall that biologists have created an evolutionary tree to organize
the great diversity of living things. The ancestral animals at the
beginning of the evolutionary tree are eukaryotic and mulrticellular—
they are made up of many cells. The tiger in Figure 4 and all other
present-day animals might have evolved from choanoflagellates (KOH
uh noh FLA juh layts), which are protists that formed colonies in the
sea 570 million years ago. Choanoflagellates, such as the ones shown
in Figure 4, might have been the earliest true animals. As animals
evolved from this multicellular ancestor, they developed adaptations
in structure that enabled them to function in numerous habitats.
These features mark the branching points of the evolutionary tree
and are discussed in the next section. In this section, you will learn
about the characteristics thar all animals have in common.

Feeding and

Animals are heterotrophic, so they must feed on other organisms
1o obtain nutrients. A sea star obtains its food from a clam it has
pried open, and a butterfly feeds on nectar from a flower. The
structure or form of an animal’s mouth parts determines how its
mourh functions. You can investigate how some animals obtain
food by performing MiniLab 4. After obtaining their food, animals
must digest it. Some animals, such as sponges, digest their food
inside specific cells. Others, such as earthworms and humans,
digest their food in internal body cavities or organs.

LM Magnification:

Colony of Zeothamnium
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Buppori

Just as animals digest their food in different ways, they sup-
port their bodies in different ways. Between 95 and 99 per-
cent of animal species are invertebrates—animals without
backbones. The bodies of many invertebrates are covered
with exoskeletons, which are hard or tough outer cover-
ings that provide a framework of support. Exoskeletons also
protect soft body tissues, prevent water loss, and provide pro-
tection from predators. As the animal grows, like the cicada in
Figure 2, it must shed the old exoskeleton and make a new
cne. This process is called molting.

Some invertebrates, such as sea urchins and sea stars, have
internal skeletons called endoskeletons. If an animal has an
endoskeleron and a backbone, it is called a vertebrate. An
endoskeleton grows with the animal, like the squirrel in :
Figure 2. The material making up the endoskeleton varies. Sea | Cicada
urchins and sea stars have endoskeletons made of calcium car-
bonate, sharks have endoskeletons made of cartilage, and
fishes, amphibians, reptiles, birds, and mammals have endo-
skeletons made of bone. An endoskeleton protects internal
organs, provides support for the body, and can provide an
internal brace for muscles to pull against.

RN

teatding Lheck Distinguish between vertebrates and
invertebrates.

Habitats
Animal bodies have a variety of adaptations, such as those for

feeding, digestion, and support. These body variations enable
animals to live in numerous habitats. Vertebrates and inverte-

Squirrel

+ Figure 2 A cicada must shed its old exoskeleton
{outlined in white) in order to grow.
A squirrel has an endoskeleton that grows as the

brates live in oceans, in freshwater, and on land. They can be L squirrel grows.
found in deserts, grasslands, rain forests, polar regions, and all : Infer how an exoskeleton might be o
other land biomes and aquatic ecosystems. i disadvantage for animals.

MiniLab

investigate Feeding in Animals

How dlo animals obtain food? Small aguatic animais called hydras consume brine shrimp as their food
source,

Procedure ag Eﬁ g @

1. Read and complete the lab safety form.

2. Obtain several hydras in a plastic Petri dish containing water.

3. Add several brine shrimp to the dish. Using a hand lens or stereomicroscope, observe the
activity of the hydras.

4. Record your observations.

Binalysis

1. DBraw Condusions Based on your observations, how do the hydras react to the food?
2. Infer What factors in their environment might influence how the hydras find food?

Section 1 - Anima! Characteristics 6832



Arnimal Cell Structure

No marter where an animal lives or what adaptations it has, its cells
do not have cell walls. Recall that plants also are multiceliular
organisms, but their cells have cell walis. The cells of all animals,
except sponges, are organized into structural and functional units
called tissues. A tissue is a group of cells that is specialized to
perform a specific function. For example, nerve tissue is involved
in the transmission of nerve impulses throughout the body and
muscle tissue enables the body to move.

Y : _ Beginning with Aristotle in the fourth
Systematist Using observation, ¢ century s.c. and continuing into the nineteenth century, living
inference, and the latest technology, : organisms were classified into two kingdoms-Animalia (animals)
a systematist classifies new species and Plantae (plants). In 1866, Frnst Haeckel, a German scientist,

| based on evolutionary relationships. : proposed adding a third kingdom called Protista. The organisms

- -/ i in this kingdom are mainly unicellular eukaryotes. Some protists

t have cell walls, while others do not, making them neither plant
nor animal. During the 1960s, as more was learned about cell
structure, bacteria and fungi were placed into their own
kingdoms. Figure 3 illustrates how the classification of living

things conrinues to develop.

ovemert

The evolution of nerve and muscle tissues enables animals to move
in ways that are more complex and faster than organisms in other
kingdoms. This is one notable characteristic of the animal kingdom.
A gecko running across a ceiling, a mosquito buzzing around your
eay, and a school of minnows swimming against the current are all
exhibiting movements unique to animals. Some animals are station-
ary as aclults, yet most have a body form that can move during
sorme stage of development.

- Figure 3
History of Classification

The process of scientifically classifying crgan- o
isms began in 350 B.C. when Aristotle, a Greek

philosopher, placed organisms into two large

groups—plant and animal. Advances in scientific

knowiedge and technology helped develop the

classification system we use today.

47358 Biologist Carolus Lin-
naeus devises a classification
system for all organisms
using Latin binomial nomen-
clature.

& 155% The book £'Histoire & 1682 Maturalist John Ray é 1858 Maturalist Charles Dar-
de la Nature des Oyseaux establishes the use of species win proposes the classification
{Natural History of Birds) as the basic unit of classifica- of organisms based on their
uses body form and struc- tion. shared ancesfry.

tures to classify species.

[tiShetla Terry/Photo Researchers; (b)@Corbis
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eproduction

Most animals reproduce sexually, although some species can repro-
duce asexually. Most comrmonly in sexual reproduction, male animals
produce sperm and female animals produce eggs. Some animals, such
as earthworms, are hermaphrodites (hur MAF ruh dites), which pro-
duce both eggs and sperm in the same animal body. In general, her-
maphrodites produce eggs and sperm at different times, so another
individual of the same species still is needed for sexual reproduction.
Fertilization occurs when the sperm penetrates the egg to form a

fertitized egg cell called the zygote (ZI goht). Fertilization can be © . Figure & Fertilization is exiernal in some
internal or external. Internal fertilization occurs when the sperm  :  fishes. In the photo, strands of sperm are being
and egg combine inside the animal’s body. For example, male turtles  §  shed over eggs laid in the water

tnfer why animals lay o Jorge number of

fertilize the eggs of the female interally. External fertilization sy
eggs when fertilization is external.

occurs when egg and sperm combine outside the animals body. This
process requires an aquatic environment for the sperm to swim to
the egg. In many fishes, the female lays eggs in the water and the
male sheds sperm over the eggs, as shown in Figure &.

Recall that asexual reproduction means thar a single parent pro-
duces offspring that are genetically identical to itself, Although few
animal species reproduce asexually, when they do, they use one or
more metheds to do so. Some of the common methods of asexual
reproduction foilow.

= budding—an offspring develops as a growth on the body of
the parent

» fragmentation—the parent breaks into pieces and each piece
can develop into an adult animal

e regeneration—a new Organisim can regenerate, or regrow, from the
lost body part if the part contains enough genetic information

» parthenogenesis (par thuh noh JE nuh sus)-a female animal
produces eggs that develop without being fertilized

Reading Check Infer the advantages and disadvantages of asexual
repreduction in animals.

2003 Paleontologists find P
feathered dinosaur fossils that

might alter the classification of

some species.

: 1977 Microbiologist Carl Woese
uses ribosomal RNA 1o show the
gvolutionary relationships among
organisms.

Platt/Getty Images

as they work to determine if it is ar early
Homo sapiens or a new species,

; ]

S & 1899 Marine zoologist Mary L 1882 Biclogist tynn Margulis is

£ Jane Rathbun begins estab- instrumental in reorganizing and

g lishing the basic improving the classification of

& . . .

E taxenomic information on organisms into the current five 2009 A partial skull fossil of Hentg

;:f crustaceans. kirigdoms. floresiensis causes debate among scientists
%
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Gastrula

gastr- prefix; from Greek; mean-
ing stomach or belly

-ula suffix; from Latin; meaning
resembling .

Figure B The fertilized eggs of most animals
follow a similar pattern of development.
Beginning with one ferfiized egg cell, cell
division occurs and a gastrula is formed.

- Bnlmation

Egy

Feriilization &

Z2-cell stage

Calor-Enhanced SEM Magnification: 300%

2-cell stage
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Barly develspment In most animals, the zygote undergoes mitosis
and a series of cell divisions to form new cells. After the first celi
division, in which the zygote forms two cells, the developing ani-
mal is called an embryo. The embryo continues to undergo mitosis
and cell division, forming a solid ball of cells. These cells continue
to divide, forming a fluid{illed ball of cells calied the blastula
(BLAS chuh luly, as shown in ®igure 8. During these early stages of
development, the number of cells increases, but the total amount
of cytoplasm in the embryo remains the same as that in the origi-
nal cell. Therefore, the total size of the embryc does not increase
during early development.

In animals such as lancelets, the outer biastula is a single layer of
cells, while in animals such as frogs, there might be several layers of
cells surrounding the fluid. The blastula continues to undergo cell
division. Some cells move inward to form a gastrula (GAS truh
luh), a two-cell-layer sac with an opening at one end. A gastrula
looks like a double bubble, one bubble inside another bubble.

Look again at Eigure 5. Notice how the diagrams of the two-cell
stage, the 16-cell stage, and the blastula differ from the photo-
graphs of these same stages. The diagrams illustrate early develop-
ment in embryos that develop inside the adult animal. The
photographs illustrate early development in embryos that develop
outside of the adult animal. The large bali that does not divide is
the yolk sac. It provides food for the developing embryo.

keading Check: Explain the differences between the blastula and the
gastrula.

? Gastrula

16-cell stage Blastula

Color-Enhianced SEM Magnification: 300 % Coicr-Enhanced SEM Magnification: 300%

Foill
sac

Blastuila

16-cell stage

Selence Source/Photo Researchers



 Flgure 8 As development continues, each
Ectoderm becomes ceil layer differentiates into speciatizad tissues.
nervous tissue and
skin,

Endoderm becomes
digestive organs and
digestive tract lining.

idesaderm becomes
muscle tissue and
the circulatory,
excretory, and
respiratory systems.

Opening of
gastrula

Tissue development Notice in Figure & that the inner fayer of
cells in the gastrula is called the endoderm. The endoderm cells
develop into the digestive organs and the lining of the digestive
tract. The outer layer of cells in the gastrula is called the ecto-
derm. The ectoderm cells in the gastrula continue to grow and
become the nervous tissue and skin.

Cell division in some animals continues in the gastrula uncil
another layer of cells, called the mesoderm, forms between the
endoderm and the ectoderm. In some animals, the mesoderm forms
from cells that break away from the endoderm near the opening of | Review Based an what you have read about
the gastrula. In more highly evolved animals, the mesoderm forms animal characteristics, how would you now
from pouches of endoderm cells on the inside of the gastrula. As answer the analysis questions?
developrment continues, mesoderm cells become muscle tissue, the
circulatory system, the excretory system, and, in some species of
animals, the respiratory systemn.

Remember that Hox genes might be expressed in ways that give
proteins new properties that cause variations in animals. Much of
the variation in animal bodies is the result of changes in location,
number, or time of expression of Hox developmental genes during
the course of tissue development.

Launch Lab

£

s

Section 1

Section Summary . iUnderstand Main ldeas

‘ Infer why colonial arganisms that lived grouped together might
have been one of the first steps toward multicelluiar organisms in the course
of evolution.

@ Animals are heterctrophs and must get their @ 4.
nutrients from other organisms.

& Animals have diverse means of support and

live in diverse habitats. 2. Infer how an exoskelaton enables invertebrates to live in a variety of habitats.

b s 8 s v e o0 B

@ Animal cells do not have cell walls, and most + 3. Bescribe how the evolution of nerve and muscle tissue is related to ong of
have cells that are crganized into . the main characteristics of animals,
tissues. * 4. Diagram how an animal zygote becomes a gastrula.

& Most animals undergo sexual reproduction, Think Critically

d . . L .
and most can move 5. Model the stages of cell differentiation in embryonic development by com-

@ During embryonic development, animal cells paring them to pushing in the end of a balloon. Draw a diagram of this pro-
become tissue layers, which become organs ! cess and faghef it with the stages of cell differentiation,
and systems.

Siology

&. Biologists have observed that it is common for an animal that doubles its mass to
increase its length 1.26 times. Suppose an animal has a mass of 2.5 kg and is 30
cm long. If this animal grows to a mass of 5 kg, how long will it be?

5 e 0 8 08 8B 3
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Essential Questions

& How are anima!l body plans related to
phylogeny?

@ How are body cavities relaied to
animal phylogeny?

@ What are the two types of coelomate
development?

Review Yocabuliary
phylogeny: evolutionary history
of a species based on comparative
relationships of structures and
comparisons of modern life-forms
with fossils

Mew Vocabulary

symmetry

radial symmetry
bilateral symmetry
anterior
posterior
cephalization
dorsal

ventral

coelom
pseudocoelom
acoelomate
protostome
deuterostome

Multitingusl eGGlossary

- Figure 7 Although these animals look very
different from each other, they all have features
that piace them on the chordate branch of the
evolutionary tree.

Mouse

@98 Chapter 24 - Introduction to Animals

" 41 Apimal phylogeny can be determinad, in part, by body plans
and the ways animals develop.

Beal-Weorld Reading Link People ofien classily or group things based on what
they have in common. If you want i rent an action movie, you would look in the
action movie section af the store. You would not find comedies or dramas in this
section. In biology, animais generally are classified into groups because they have
some of the same features.

Evolution of Aninal Bedy Plans

Recall that the evolutionary tree is crganized like a family tree, and
the phylogeny of animals is represented by the branches. For exam-
ple, all of the mammals in Figure 7 belong on the chordate branch
of the tree. The trunk represents the earliest animals and the
branches represent the probable evolution of the major phyla of
animals from a common ancestor, as shown in Figure 8.

Anaromical features in animals’ body plans mark the branching
points on the evolutionary tree. For example, animals withour tis-
sues are grouped separately from animals with tissues, and animals
without segments are grouped separately from animals with seg-
ments. The relationships among animals on this tree are inferred by
studying similarities in embryological development and shared ana-
tomical features. This traditional phylogeny, with animals classified
inte 35 phyls, is still used by most taxonomists. However, molecu-
lar dara suggest other refationships among animals. Recent molecu-
lar findings, based on comparisons of DNA, ribosomal RNA, and
proteins, indicate that the relationships between arthropods and
nematodes and between flatworms and rotifers might be closer
than anatomical features suggest.

Reading Check Summarize the structure of an evolutionary tree.

Chimpanzee

Ferret

{0, Robert & Lori Franz/Corbis; {f1Digital VisiomPunchStock

[HCDE/ Fames Gathany,



evelopment of Tissues

As animals evolved from the first multicellular forms, the first anatom-
ical feature to indicate a major change in body plan was the develop-
ment of tissues. Therefore, tissues mark the first branching point on the
evolutionary tree. Notice in Figure 8 that the only animals without tis-
sues are sponges. These animals descended fram a common ancestor
that lacked tissues, and they are on the no-true-tissue branch of the
evolutionary tree. Follow the tissue branch of the evolutionary tree,

and you will see that all other phyla have tissues.

i
q
=1}
=
Q
jo3
w

cnidarians

- Hlatworms
rotifers

- -moilusis
annelids

W
U
dast
o]
=
b
Q
o=
~

‘varthropods
iechinoderms

" segmentation

@rotostome development)

(deuterostame developmeng

pseudoccelom

bcly cavity

acoefomate

radial symmetry )

( bilateral symmetry |

no true tissues tissues

: Figure 8 Ancestral animals are found at
the base of the trunk of the evalutionary tree
and at every node in the tree. The branches of
the trea are distinguished by major develop-
ments in the phylogeny of animals. Present-day
animals appear at the top of the tree.
intarpret which group of organisms is
most dosely related to phylum
Ancestral protist Arthropoda,

multicellularity
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Anterior

Yentral

Posterior

Hummingbird.-
Sponge--asynmmeiry Jeliyfish—radial symmetry Bitateral symmetry
< Figure 9 Animails have different arrange- : @ o ‘
ments of body structures, The sponge has an ym mﬁ%%@?
Irreguiar shape and is asymmetrical. The Jelyfish & Nigve along the tissue branch on the evolutionary tree in Figure 8,

has radial symmetry, and the hummingbird has
bitateral symmetry.

List objecis in the classroom that have
bilateral symmetry.

and you will find the next branching point to be symmetry.
Symmetry (SIH muh tree) describes the similarity or balance
among body structures of organisms. The type of symmetry an ani-
mal has enables it to move in certain ways.

Personat Tutor

Asymmetry The sponge in Figure 9 has no tissue and has asymme-
ry. It is irregular in shape and has no symmetry or balance in its
body structures. In contrast, animals with tissues have either radial
or bilateral symmetry.

Radial symmetry An animal with radial (RAY dee uhl) symmetry
can be divided along any plane, through a central axis, into roughly
equal halves. The jellyfish in Figure @ has radial symmerry. Its tenracles
radiate from its mouth in all directions, a body plan adapted to detect-
ing and capturing prey moving in from any direction. Jellyfishes and
most other animals with radial symmetry develop from only two
embryonic cell layers—the ectoderm and the endoderm.

BrainPOpP

. Bilateral symvmetry The bird in Figure 9 has bilateral symmetry. In
..... <. ... i contrast to radial symmetry, bilateral (bi LA tuh rul) symmetry
© ¢ means the animal can be divided into mirror image halves only

Plane © : along one plane through the central axis. All animals wirh bilateral
Science usege: an imaginary line -~ ¢ symmetry develop from three embryonic cell layers—the ectoderim,
that divides a body formi into twe ¢ the endoderm, and the mesoderm.

parts The dog can be divided inro its

ventral and dorsal parts by a plane. Cephalization Animals with bilateral symmetry also have an

anterior, or head end, and a posterier, or 1ail end. This body plan is

Common usage: an aircraft : called cephalization (sef uh luh ZA shun)-the tendency to concen-
The pilot flew the plane from Cleveland - ¢ Trate nervous tissue and sensory organs at the anterior end of the
to Chicago, .. - . . ... animal. Most animals with cephalization move through their envi-

ronments with the anterior end first, encountering food and other
stimuli. In addizion to cephalization, animals with bilateral symmetry
have a deorsal (DOR sul) surface, also called the backside, and a
ventral (VEN trul) surface, also called the underside or belly.

70Q Chapter 24 « Introduction to Animals



ody Cavities

In order to understand the next branching point
on the evolutionary tree, it is important to know
about certain features of animals with bilateral
symmetry. Body plans of animals with bilateral
symmetry include the gut, which is either a sac
inside the body or a tube that runs through the
body, where food is digested. A saclike gur has
one opening, a moutl, for taking in food and dis-
posing of wastes. A tubelike gut has an opening
at both ends, mouth and an anus, and is a com-
plete digestive systern that digests, absorbs, and
stores food, and disposes of waste.

Personal Tutor

Fluid-filled cavity

Ceoelomates Between the gut and the outside
body wall of most animals with bilateral sym-
metry is a fluid-filled body cavity. One type of
fluid-filled cavity, the coelom (SEE lum), shown
in Figure 40, has tissue formed from mesoderm
that lines and encloses the organs in the coelom.
You have a coelom, as do insects, fishes, and many
other animals. Therefore, you are a coelomate.

The coelom was a key adaptation in the evolution
of larger and mare specialized body structures.
Specialized organs and body systems that formed
from mesoderm developed in the coelom. As more
efficient organ systerms evolved, such as the circu-
latory system and muscular systern, animals could
increase in size and become more active.

Coelomate body plan

Fluid-filled cavity

Pseudocoelomates Follow the body cavity
branch on the evolutionary tree in Figure 8 until :
you comte to the pseudocoelomates, which are ani- P
mals with pseudocoeloms. A pseudocoelom (sco
duh SEE lum) is a fluid-filled body cavity that
develops between the mesoderm and the endo-
derm rather than developing entirely within the
mesoderm as i coelomares. Therefore, the pseudo-
coelom, as shown in Figure 18, is lined only partially
with mesoderm. The body cavity of pseudo-
coelomates separates mesoderm and endoderm,
which limirs tissue, organ, and system development.

Pseudocoelomate body plan

froelomates Belore the body cavity branch on
the evolutionary tree in Figure 8, nnotice that the
branch to the left takes you to the acoelomate ani-
mals. Acoelomates @y SEE lum ayts), such as the
flatworm in Figere 46, are animals that do not have
a coelom. The body plan of acoelomates is derived

Acoelomate hody plan

from ectoderm, endoderm, and mesoderm-—the § Key: Endoderm tctoderm =@ Mesoderm
samme as in coelomates and pseudocoelomares. How-

ever, acoelomares have solid bodies withour a fluid-  © Figure 10 An earthworm has a coelom, & fluid-filled body cavily
filled body cavity berween the gut and the body surrounded completely by mesoderm. The psetdocoelom of & roundworm

develops between the mesoderm and endoderm. A flatworm has a solid

wall. Nutrients and wastes ditfuse from one cell to : o ‘
body without a fluid-filled cavity.

another because there is no circulatory system.

Section Z - Animal Body Plans 701




Development in Coelomate Anlimals

= g2 E The evolutionary tree in Figure 44 begins at the coelomate branch.
R i Notice that two major lines of development have been identified in
. ; coelomate animals. One is protostome development, which occurs
in animals such as snails, earchworms, and spiders. The other is
7 _ deuterostome development, which occurs in animals such as sea
e e :urchins, dogs, and birds. Biologists can tell if animals are closely
@rotostor@ @eu?emﬁor@ t related based on their parrerns of embryonic development.

: . Pretestomes In organisms that are protostomes (PROH tuh
{coelom) . stohms), the mouth develops from the first opening i the gastrula.
ol © As protostoimes develop, the final outcome for each cell in the
:embryo cannot be altered. If one cell of the embryo is removed, the
- Figure 49 This part of the evolutionaryree & emibryo will not develop into a normal larva, as shown in Figure 42.
shows ifal protostomes and deuterosiomes e+ Iy addition, in the eightcell stage of embryonic development, the
branches of coelomate animals. : top four cells are offset from the bottom four cells, giving the
embryo a spiral appearance. As the embryo continues to develop,
the mesoderm splits down the middle. The cavity between the twao
pieces of mesoderm becomes the coelom.

Deuterostomes In organisms that are deuterostomes

(DEW tihr uh stohms), the anus develops from the first opening in
the gastrula. The mouth develops later from anorher opening of the
gastrula. During the development of deuterostomes, the final our
come for each cell in the embryo can be altered. In fact, each cell in
the early embryo, if rernoved, can form a new embryo, as shown in
Figure 92, In contrast to protostome development, in the eight-cell
stage of embryonic deuterostome development the top four cells are
directly aligned on the bottom four cells, As the embryo develops,
the coelom forms from two pouches of mesoderm.

Reading Check Determine whether you are classified as a
protosome or a deuterostome. Explain.

“Examine Bo

What is the importance of a bedy plan? Cne way to classify animals is by body plan. Looking at cross sec-
tions of different animals can help you distinguish between the different body plans.

Procedure m §°§ 4

4. Read and complete the lab safety form.

2. Obtain prepared slides of cross sections of an earthworm and a hydra. Using a microscope, obsarve
each slide under low-power magnification.

3. Sketch each cross section.

4. Obtaln {abeled diagrams of crose sections of each animal from your teacher Make a list of how your
sketches are like the diagrams and another list of how they are different.

Analysis

1. Compare and contrast each animal’s type of body cavity, Are they acoelomate or coelomate? What do
your observations tell you about the phylogeny of these animals?

2. Infer how the body plan of each animal is related to how each of these animals obtains food,
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Figure 12
Developmental differences characterize protostome and deuterostome development.

Protostome Development

fif one cell is removed from a
protostome at the four-cell stage,
the development of the embryo

is altered. I a cell is removed in a
deuiercstome at this stage, each
cell or group of cells is not altered
and wilt develop info a normal
embryo,

Development
altered

Another difference is apparent
at the eight-cell stage. In

protastomes, the four cells are
between the other four cells. In
deuterostomes, the ceils align.

Cells not aligned

M

9 A biastula forms in both types of
development.

Endoderm

Note the location of mesoderm
Ectoderm — as the gastrula forms,

s the embryo continues to
develop, the mesodarm splits in
protostomes 0 form the coelom,
In deuterostomes, the coelom is
formad from pouches of

Split 33 mescderm that separate from
mesaderm the gut.

The opening in the gastrula,
called a blastopore, becomes the
mouth in protosiomes and the
anus in deulerostomes,

Coelom

Biastopare {mouth)

Animation

Deuterostome Development

-

Normal farvae develop

Cells aligned

Mesoderm
. Ectoderm

Endodarm

Gt

Mesoderm
pouches
form

Coelom

Blastopora {anus)




s mollusks
_ arthropods

s cimmperee:

segmen‘fatic::;l\‘E

Scorpion

- Figure 2 Segmentation enables a

scorplen to move its stinger in different e WE@?@%&%E@E@

directions to attack prey or for defense. :  Examine the next hranching point on the evolutionary tree in

' Figure 12. Segmentation is an important feature in the evolurion

of coelomate animals. Just as a chain is constructed from a series of
links, segmented animals can be “put together” from a succession of
similar parts.

The segmentation, such as that seen in scorpions, has two
advantages. First, segmented animals can survive damage to one
segment because other segments might be able to carry out the
damaged section’s function. Second, movement is more effective
because segments can move independently. Therefore, the scorpion
in Figure 43 has more flexibility and can move in ways that are very
complex. Segments allow the scorpion to arch its tail over its back
to sting prey.

Section ssessment

Section Summary . Understand Main ldeas

@ Animal phylogeny can be compared to & tree 1. | Explain how body symmetry is related to the phylogeny of ani-
with branches. o mals.

@ The branches of a phylogenetic evolutionary 2. Wame the features marking the main branching points on the evolutionary
tree show the relationships among animals. tree of animals.

& Animal phylogeny can be determined, in . 3. Hiustrate how body cavities distinguish branches of development of
part, by the animal’s type of hody cavity or - animals with bilatera! symmetry.
lack of a bedy cavity, &. Compare and contrast deuterostome and protostome development.

& After gastrulation, two types of development . Think Critically

can occur in coelomate animals. . 5. Diagram animals not shown in Figure 9 that have radial and bilateral sym-

® Segmentation is an important feature n . medtry. Indicate the type of symmetry by showing planes passing through the
some coelomate animals. . animals. Lahel each animat as having either radial or bilateral symmetry.
: »Biology
. B. Write a paragraph summarizing the differences among coelomates,

. pseudocoelomates, and acoelomates.
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Essential Guestions

@® What are the characteristics of
sponges and cnidarians?

Sponges and cnidarians were the first animals to evolve from
@ How are sponges and cnidarians alike a multicellular ancestor,
and different?
@ What is the ecological importance of
sponges and cnidarians?

Heal-Woyld Reading Link Have you ever double-haggad your groceries? If so, you
nave an idea cf how a sponge is structured—a layer, or sac, of cells within anothar
sac of calls. These sacs of cefls are among the first animals to evoive from the

Review Vocabulary common ancestor of all animals,

dipleid: cell with two of each kind of
chromosome

BONges

If you examine a living spenge, you might wonder how these ani-
mals do so much with so little. They have no tissues, no organs,
and most have no symmetry. You can break apart a sponge into its

Mew Vocabulary
filter feeder

ii?dsgiyt o individual cells and those cells will come together again to form a
nematocyst sponge. Other animals cannot do this.
gastrovascular cavity Locate sponges on the evolutionary tree in Figure 14. They are
nerve net in the phylun Porifera (po RIF uh ruh), which contains berween
polyp 5000 and 10,000 members. Most live in marine environments. Biol-
medusa ogists hypothesize that sponges evolved from the colonial choano-
™ tlagellates because sponges have cells that look similar to these
o) Multilingual eGlossary protist cells.

Bedy structure Notice the asymmetrical appearanice and bright
colars of the sponge in Figure 44. It is difficult to think that these
are animals, especially if you see one washed up on a beach where
it might appear as a black blob. Recall that tissues form from ecto-
Bigure 14 The sponges in the photograph derm, endoderm, and mesoderm in a developing embryo. Sponge
are animals that take in and digest food, grow, embryos do not develop endoderm or mesoderm, and, therefore,
and reproduce, even though they lack true sponges do not develop tissues. How does a sponge’s body func-
tissues. tion without tissues?

sponges

rotifers
moflusles
annelids

cnidarians
flatworms
roundweorms
arthropods

- echinoderms
chordates

Ancestral protist
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= Figgure 45 Sponges have no tissves or
organs and have a body made of two layers of
cells.

Animation

Think Sloud Read the texi and
capiions atoud. As you read, say aloud
your questions and comments. For
instance, when you come to the
mention of Figure 15, look at the
figure and say how it relates 1o the
text.

70& Chapter 24 - introduction to Animals

Two layers of independent cells with a jellylike substance
between the layers accomplish all of the life functions of sponges. As
illustrated in Figure 48, epitheliallike cells cover the sponge and pro-
tect it. Collar cells with {lagella line the inside of the sponge. As cal-
lar-cell flagella whip back and forth, water is drawn into the body of
the sponge through pores. These pores give sponges their phylum
name Porifera, which means “pore-bearer” Water and waste materials
are expelled from the sponge through the osculum (AHS kyuh lum),
which is the mouthlike opening at the top of the sponge.

Feeding and digestion When an organism, such as a sponge,
gets its food by filtering small particles from water, it is called a
filter feeder. Even though this might sound like a process that
is not very active, consider that a sponge only 10 cm tall can fil-
ter as much as 100 L. of water each day. Although sponges have
free-swimming larvae, the adults move very little. Adaprations for
filter-feeding are common in animals that are sessile (SES sul),
meaning they are attached to and stay in one place. As nutrients
and oxygen dissolved in water enzer through the pores in a
sponge’s body, food particles cling to the cells. Digestion of nutri-
ents takes place within each cell.

' Reading Chack Infer why filter feeding is an adaptive advantage for
sponges.
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Demeosponge

Suppert Within the jellylike marerial that lies between the two
cell layers of a sponge are amoeba-like cells—cells that can move
and change shape. These amoeba-like cells are called archaeocytes
(ar kee OH sites) and are illustrated in Pigure 45. These cells are
involved in digestion, production of eggs and sperm, and excretion.
Archaeocytes also can become specialized cells that secrete spi-
cules (SPIH kyuhls), the support structures of sponges. Spicules are
small, needlelike structures made of calcium carbonate, silica, or a
tough fibrous protein called spongin.

Spenges diversity Biologists place sponges into three classes based on
the type of support system each has. Most sponges belong to class
Demospongiae (deh muh SPUN jee uh), the demosponges, and have
spicules composed of spongin fibers, silica, or both. Narural bath
sponges, like the ones in Figure 46, have spongin support. Class Calcarea
(kal KER ee uh) consists of sponges with spicules composed of calcium
carbonate. Calcareous sponges, like the one in Figure 17, often have a
rough rexture because the calcium carbonate spicttes can extend
through the ourer covering of the sponge. The sponges in class Hexac-
tinellida (heks AK tuh nuh LEE duh) are called glass sponges and have
spicules composed of silica. These spicules join together to form a net
like skeleton: that often looks like spun glass as iltustrated in Figure 17.

« Pigure 48 Bath sponges are harvested
from the sea and processed for human use.

L

HrainP(P

- Pigure 47 Cafcareous sponges are small
and have a rough texture. The skeletons of glass
sponges look like brittle spun glass.

Calcareous sponge

{5lass sponge skeleton
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£ Sperm are released into the water
and float on water currents to
other sponges.

= Figure 18 Sexual reproduction in
sponges requires water currents to carry sperm
from one sponge to another.

Evatuate whether fertilization is
internal or external in sponge sexual
reproduction.

Survive

to remain alive

Sponge gesmmules survive despite
adverse conditions.
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B Sperm are caught by the collar
cells of another sponge, and
eggs are fertilized internally,
Free-swimming larvae are
refeased.

€ The larvae swim
using tiny cifia.

E A sessile larva develops
into an adult that can
reproduce,

P A larva eventually
settles on a surface,

Response to stimuli Sponges do not have nervous systems. They do
have epithelial-like cells that detect external stimuli, such as touch or
chemical signals, and respond by closing their pores to stop water flow.

Reproduction Sponges can reproduce asexually by fragmentation,
through budding, or by producing gemmules (JEM yewlz}. In fragmen-
tation, a piece of sponge that is broken off due to a storm or other event
develops into a new adult sponge. In budding, a small growth, called a
bud, forms on a sponge, drops off, and settles in a spot where it grows
into a new sponge. Some freshwater sponges form seedlike particles
called gemmules during adverse conditions like droughts or freezing
ternperatures. Gemmules contain sponge cells protected by spicules
that will survive and grow again when favorable conditions occur.

Most sponges reproduce sexually, as illustrated in Figure 18. Some
sponges have separate sexes, but most sponges are hermaphrodites,
Recall that a hermaphrodite is an animal that can produce both eggs
and sperm. During reproduction, eggs remain within a sponge, while
sperm are released into the water. Sperm released from one sponge can
be carried by water currents to the collar cells of another sponge. The
collar cells then change into specialized cells that carry the sperm to an
egg within the sponge body. After fertilization occurs, the zygote devel-
ops into a larva that is free-swimming and has flagella. The larva eventu-
ally attaches to a surface, then develops into an adult.

ing Chechk Describe the methods by which sponges reproduce.

Franco Banfi/WaterErame/Gatty Images
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Sponge ecology Although spicules and toxic or dis-
tasteful compounds in sponges discourage most poten-
tial predators, sponges are food for some tropical fishes
and turtles. Sponges also are common habitats for a vari-
ety of worms, fishes, shrimp, and colonies of symbiotic
green algae. Some sponges even live on and provide
camoutlage for mollusks, as shown in Figure 49.

Sponges also are beneficial to humans. Sponges
with spicules made of spongin fibers like the one
shown in Figure 20, often are used for household
scrubbing purposes. Medical research is focusing on
sponge chemicals that appear to discourage prey and
prevent infection. Ongoing studies of these sponge
chemicals as possible pharmaceurical agents have
shown that they might have antibiotic, anti-inflama-
o1y, or antitumor possibilities. They also might have
potential impoertance as respiratory, cardiovascular,
and gastrointestinal medicines.

For example, in 2011, the Food @« Figure 19 This crab hides from predators by carrying s living
and Drug Administration approved a drug derived from a sponge F)n its back. The crab uses two pairs of legs to hold the
compound produced by Halichondria okadai, a sponge spange in place.

found off of the coast of Japan. The drug, which inhibirs

the growth of cancer cells, is used in the treatment of

late-stage breast cancer. After discovering the compound

in the sponges in 1986, scientists worked to synthesize it

in the lab so it could be tested and, later, mass produced.

Another sponge, Tectitethya crypra, produces two chemi-

cals that have been used as the models to produce anti-

viral drugs, including the HIV drug AZT, and anti-cancer

drugs. One of the anti-cancer drugs created as a result of

the discovery was the first drug thar came from a

marine source to be approved for cancer treatment.

- Figure 20 The spicules in sponges in class Demospongiae
make these sponges usefut for cleaning and scrubbing around the
house.

Discodermic
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- Sponges
....Cnidarians
Cflatworms
Siroundworms
rotifers
mollusks
annekids
arthropods
echinedeorms
chordates

Ancestral protist

« Figure 21 Cnidarians have radial symmetry and can be
free floating or sessile.

Explain how radial symmetry helps a cnidarian
obtain food.

= Figure 22 Stinging cells that contain nematocysts are
discharged from the tentacles of cridarians when prey
touches them.

Cnidocyte
Threadiike tube
Trigger

Nematocyst
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Jellyfish—Ffree Tioating Sea anemone—sessile

Cridarians

Imagine that you go snorkeling around a coral reef, and you
wear a bodysuit to protect yourself from the stings of jelly-
fishes that float on the water. Later, when you go ashore to
visit a tidepool, you might see colorful sea anemones that
look somewhat like flowers. The jellyfish and sea anemone
in Figure 21 belong to phylum Cnidaria (ni DARE ee uh).
This phylum consists of about 10,000 species, most of which
are marine.

Body structure Like sponges, cnidarians (ni DARE ee uns)
have one body opening and most have two layers of cells.
However, in cnidarians, the two cell layers are organized into
tissues with specific functions. The outer layer functions in
protecting the internai body, while the inner layer functions
mainly in digestion. Because cnidarians have tissues, they
also have symmetry. As shown in Figure 21, cnidarian bod-
ies have radial symmetry. Recall that radial symmetry
enables slow moving or sessile animals to detect and capture
prey from any direction. Cnidarians are adapted to aquatic
floating or sessile attachment to surfaces under the water.

Feeding and digestion Cnidarian tentacles are armed
with stinging cells called enidocytes (NI duh sites). Cni-
darians get their name from these stinging cells. Cnido-
cytes contain nematocysts, as shown in Figure 22, A
nematocyst (nih MA tuh sihst) is a capsule that holds a
coiled, threadlike tube containing poison and barbs.

.+ A nematocyst works like a tiny but
very powerful harpoon. Remember that osmosis is the diffu-
sion of water through a selectively permeable membrane.
The pressure provided by this flow of water is called osmotic
pressure. The water inside an undischarged nematocyst is
under an osmotic pressure of more than 150 atmospheres.
This pressure is about 20 times the pressure in an inflated
bicycle tire.

{l}@Gomstock Images/PictureQuest; (r)Purestack/SuperStock



In response to being touched or to a chemical stimu-
lus, the permeability of the nematocyst membrane
increases, allowing more water to rush in. As the osmotic
pressure increases, the nematocyst discharges forcefully.
A barb is capable of penetrating a crab shell.

Nematocyst discharge is one of the fastest cellular proc-
esses in nature. It happens sc quickly—in just 3/1000ths of
a second--thart it is iimpossible to escape after touching
these cells. After capture by nematocysts and tenracles,
the prey is brought to the mouth of the cnidarian.

The inner cell layer of cnidarians surrounds a space
called the gastrovascular (gas troh VAS kyuh lur) cav-
ity, illustrated in Pigure 28. Cells lining the gastrovascu-
lar cavity release digestive enzymes over captured prey.
Undigested materials are ejected through the mouth.
Recall that digestion occurs within each cell of a
sponge. However, in cnidarians, digestion takes place in
the gut cavity, a major evolutionary adaptation.

Response to stimull In addition to cells adapted for
digestion, cnidarians have a nervous system consisting of
a nerve net that conducts impulses to and from all
parts of the body. The impulses from the nerve nert cause
contractions of muscielike cells in the two cell layers.
The movement of tentacles during prey capture is the
result of contractions of these musclelike cells. Cnidari-
ans have no blood vessels, respirazory systerms, or excre-
tory organs. Look at Table 4 10 compare the structures
and functions of sponges and cnidarians.

Reading Check Contrast a cnidarian’s response to stimuli
from a sponge’s response,

Example

Body Plan - Generally has asymmetry

Feeding and » Fitter feed

digestion » Digestion takes place within individual cells
Movement =« Sessile

Response to = No nervous system

stimuli - Cells react to stimuli

« Hermaphrodites reproduce sexually
- Asexual reproduction by fragmentation, budding,
or gemmule preduction

Reproduction

~Two layers

Gastrovascular
cavily

s Figure 23 A cnidarian’s mouth leads directly into its
gastrovascular cavity. Because the digestive tract has only cne
opening, wastes are expelled through the mouth.

| Comparison of Sponges and Cridarians

Interactive Table

« Has radial symmetry

» Capture prey with nematocysts and tentacles
- Digestion takes place In gastrovascular cavity

+ Aquatic floating or sessile

- Simple nervous system consisting of a nerve net

- Separate sexes reproduce sexually
- Polyp stage reproduces asexually by budding
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= Figure 24 Jellyfishes reproduce by
alternating sexual and asexual stages of their life
cycle.

= Animation

Marine Ecologist Using submers-
ibles and deep-sea robets, & marine
ecologist studies the relationships
between marine animals and their

| environments.
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Repreduction In addition to stinging cells, cnidarians have another
adaptation not seen in most animals of recent origin. Most cnidari-
ans have two body forms: a polyp (PAH lup) with a tube-shaped
body and a mouth surrounded by tentacles, and a miedusa (mih
DEW suh) (plural, medusae) wirth an umbrelia-shaped body and ten-
tacles that hang down. The mouth of a medusa is on the ventral
surface berween the tenrtacles,

The two body forms of cnidarians can be observed in the life
cycle of jellyfishes, illustrated in Figure 24. To reproduce, jellyfishes
in the medusa stage release eggs and sperm into the water where
fertilization occurs. The resulting zygotes eventually develop into
free-swimming larvae that settle and grow into polyps. These pol-
yps reproduce asexually to form new medusae. It would be easy
to confuse the life cycle of cnidarians with the alternation of gen-
erations in plants. However, in plants, one generarion is diploid
and the other is haploid. In cnidarians, both the medusae and pol-
yps are diploid animals.

: Reading Check Compare the larvae of sponges and cnidarians.
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Cridarian diversity There are four main classes of cnidarians:
Hydrozoa, the hydroids; two classes of jellytishes, Scyphozoa and Cubo-
zoa (the box jellyfishes); and Anthozoa, the sea anemones and corals.

Hydroids Most of the approximately 2700 known species of hydroids
have both polyp and medusa stages in their life cycles. Most hydroids
form colonies, such as the Portuguese man-of-war in Figure 25.
Another well-known hydroid is the freshwater hydra, which is unusual
because it has only a polyp stage.

Jellyfishes There are about 200 known species of jellyfishes. They are
transparent or translucent in appearance and float near the water’s sur-
face. The medusa is the dominant body form, although a polyp stage
does exist. They are called jellyfishes because the substance between the
outer body covering and the inner body wall is jellylike. The structure
of the inner and outer body layers with the jellylike structure between
can be compared to a jelly sandwich. The box jellyfishes take their
name from the boxlike medusae that are their dominant form. The
stings of some box jellyfish species can be fatal to humans.

Sea anemoneas and corals Generally colorful and inviting, sea anem-
ones and corals still possess stinging cells like all cnidarians. The 6200
known species of sea anemones and corals are different from the jelly-
fishes because the polyp stage is the dominant stage of their life cycles.
Recent research indicates that these anthozoans might have bilateral sym-
metry. This would alter the evolutionary tree becanse this adaptation usu-
ally is seen only in animal groups that evolved fater than cnidarians.

Sea anemones live as individual animals, while corals live in colonies
of polyps. Corals secrete protective calcium carbonate shelters around
their soft bodies. The living portion of a coral reef is a thin, fragile layer
growing on top of the shelters left behind by previous generations. Coral
reefs form from these shelters over thousands of years.

Coral polyps extend their tentacles to feed, as shown in Figure 26.
They also harbor symbiotic photosynthetic protists called zooxanthellae
{zoh oh zan THEH lee). The zooxanthellae produce oxygen and food that
corals use, while using carbon dioxide and waste materials produced by
the corals. These protists are primarily responsible for the bright colors
found on healthy coral reefs.

Polyp
clusters

o 7

- Figure 25 This Portuguese man-of-war is
composed of a colony of hydreids. One hydroid
polyp forms the farge float, while other hydroid
polyps cluster beneath the float.

- Figure 26 Coral polyps capture food by
extending their tentacles,
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The health of a coral reef depends on proper water temperature,
adequate light, and appropriate water depih. If these environmental
canditions deteriorate in areas where there are reefs, the health of
the reef might also detericrare. You can examine this problem in
Data Analysis Lab 1.

Cridarian ecology Mutualism, a relationship in which both
organisms benefir, is cemmon in cnidarians. One species of sea
anemone wraps itself around hermit crabs’ shells; the anemones
obtain food scraps and the crabs are protected. Some sea slugs feed
on cnidarians and incorporate the unfired nemarocysts into their
bodies for their own defense. As shown in the photo at the begin-

Coral graft
? ning of the chaprer, clown fishes are protected by the tentacles of
:anemones. One theory as 10 how clown fishes are protected from
* Figure 27 Surgeons usetreated hydroxy- ¢ the tentacles of anemones is that the fish incorporates mucus from
apatite to make implants for recenstructing facial . an anemore into its own mucous coating, which prevents the

bones, such as this jaw. nematocysts from discharging.

People benefit from cnidarians i many ways. Some people
enjoy visiting a coral reef. In the medical field, some stony coral
species are used in surgical procedures. A calcium phosphate min-
eral in coral called hydroxyapatite (hi DROX ee ap uh TITE) can be
treated so that it has the same structure and chemical compesition
as human bone. Small pieces of coral are implanted as bone grafts,
especially in face and jaw reconstruction and in arm and leg sur-
gery. The grafts anchor to the adjacent bone, as shown in Figure 27,
and are eventually replaced by new human bone growth.

BATA ANALYSIS LAB

Bazed on Feal Data®

Where are coral reefs being damaged?

Some corals have gjected their symbiotic algae
and become bleached, or lost their coloring. Coral 80 |
reef bieaching is a common response to reef eco-
system damage. However, some corgls appear to
be recovering from bleaching.

Drate and Observations
The graph indicates the percentage of the dam-
age that has cccurred to specific reefs.

Think Critically

Percent degradation

4. Interpret What part of the world has suffered the T % 8 ® B o® o ® v v om wm o omom
. P E 23 L8 EEEREEE
most damage to its coral reefs? What part of the TE S g B EE S E S EE
. 0o o P L I L 1
world has suffered the least damage 1o its reefs? E % = e £ 2T g
£ 5 3 £ = c ™ =
2. Model On a world map, locate the coral reefs % 2 £ £ 5 =5 g
. L) 3
noted in the graph. Color code the map based 55 ¢ 3 2 = 4=
. s RS-
on the percent of degradation. g g
[ev] —

Coral reef areas

*Data obtained from: Pandolfl, .M. etal., 2003. Global trajectories of the fong-lerm
decline of coral reef ecosystems. Sclence 301 (5635); 955-958.
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Hydrozoa Scyphozoa  Cuboroa  Anthozoa Anthozoa Seyphozos  Cubozoa  Mydrozoa

Polyp : Meclusa
body form . - : Sody form -,

% oraduced ™S % develops _ %

yo No medusa Y T , ~  Medusa body
'\ e .

}“’ body form E #;‘fv fom develops

%%% ‘?/af | Y
}f Pobypr body 1

& form develops ;
Ancestral cnidarian Ancestral enidarfan Figure 28 The two cladograms iflustrate
the possible phylogeny of cnidarians.
Meduss Folyp i PReT

Evolution of enidarians There are two major interpretations of
the phylogeny of cnidarians. The fact that cnidarians have two
body forms, medusa and polyp, raises the question of whether the
ancestral cnidarian had a medusa or a polyp body form. The clado-
grams in Figure 28 present both interpretations.

In the cladogram on the left, the ancestral cnidarian has a
medusa body form. As cnidarians evolved, a polyp stage developed.
The life cycles of hydrozoans have both polyp and medusa stages.
As the scyphozoans and cubozoans developed, the medusa stage
became the dominant stage in their life cycles. The most highly
evolved cnidarians, the anthozoans, have no medusa stage.

In the cladogram on the right, the ancestral cnidarian has a polyp
body form. The anthozoans evolved first, and the polyp stage is the
dominant stage of their life cycles. The medusa stage evolved inde-
pendently in hydrozoans and in scyphozoans and cubozoans. Notice
how the classes of cnidarians are arranged in each cladogram.

Section
Section Summary . Understand Main ldeas
® Sponges can be described according to animat + 4, T Expiain why sponges and cnidarfans were the first animals to
features they do not have and according to fea- ° evolve,
tures they do have. : 2. Describe the differences between the body plans of sponges and cidarians.
® Sponges do nothave tissues, butcarry out — » 3 ist two characteristics that are unigue to sponges and two characteristics
the same fife functions as other animals. : that are unigue to cnidarians.

® Cnidarians have urigue features that other
animals do not have.

4. Bemonstrate your knowledge of cnidarians by describing how they affect
other marine organisms.

s % e b & ow

& Cnidarians have more highly evolved body  «+ Flajpk Critically

rms and structures than sponges, . . -
o SHUCHTEs thar sponges 5. Hypothesize how nematocysts are an adaplive advantage for cnidarians.

% Sponges and cnidarians are important to the
ecology of their habitats and to humans.

Bioloiy

6. Review the text under the heading Cridarian diversity. Make a circle graph
that shows the proportions of each of the three groups of cnidarians to the
total numbers of cnidarfans. In addition to the groups in this section, there
are 900 species of other cnidarians. Analyze this information and hypathe-
size why one groug is so much smaller than the others.

O S
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Coral reefs dot the coasts around the world and
cover over 284,000 square kilometers. People are
fascinated by beautiful and delicate corals and by
the pepulations that inhabit reef ecosystems.
Ironically, human behaviors have contributed to the
endangerment of coral reefs.

What are coral reefs? Not all corals form
reefs, but those that do begin the process when
individual polyps attach to rocks. They do this by
secreting a calcium carbonate exoskeleton that
cements the polyps in place. As the polyps die
over time, the exoskeletons are left behind and a
coral reef forms. Many corals have a symbiotic
relationship with the alga zooxantheilae. These
algae provide the corals with nutrients gained
through photosynthesis, and they use the carbon
dioxide produced by the corals.

This healthy coral reef shows no sign of bleaching, disease,
or pollution.

796 Chapter 24 - Infroduction to Animals

raats Imipay

Wiy are oo 157 Coral reefs
form some of the most diverse ecosystems in the
world. About 25 percent of all marine species live
in coral reefs, and scientists esiimate that reefs
also support millions of undiscovered species. The
biodiversity of reefs is valuable and irreplaceabie.

What is happening fo coral reefs? Coral
reefs face natural threats, including extreme
weather conditions and predation. Many coral reefs
have been damaged by human activities, such as .
fishing practices that employ dynamiie or poison.
5ome poliuted runoff stimulates the growth of
nonbeneficial algae, which smothers corals. Tourist
activities like diving and snorkeling also damage
corals. Some divers and snorkelers break off pieces
of coral to sell or to take home as souvenirs. Other
divers collect live corals to sell for use in aquariums.

Sometimes, corals become so stressed that

they expel their symbictic algae. This is a
phenomenon known as “bleaching” because the
stressed corals lose their bright colors and appear
white, Scientists do not yet completely understand
why corat bleaching occurs. They think one of the
maln causes is rising ocean temperatures. Other
possible factors include pellstion, bacteria, solar
radiation, and changes in salinity. Coral reefs that
expel their algae are more likely to become
diseased, and the corals will die unless the
symbiotic algae are replaced.

VISUAL
COMMUMNICATION

Make a Movie Research with your
classmares what can be done 1o help
keep coral reefs from becoming extiner.
Write a script for a short movie about
coral reefs. Include facts about what they
are, why they are in danger, and what
pecple can do to help. Include visuals
such as photographs, maps, and costumes.

: WebQuest

Comstock Images/PleturaQuest
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FIELD INVESTIGATION: WHAT CHARACTERISTICS DO

ANIMALS HAVE?

Sackground: A small pend is an ecosystem
in which organisms interact to accomplish
essential life functions. They exhibit a wide
variety of bedy plans, obtain food in different
ways, and use various methods of movement.

Guestion: What kinds of animals live
in ponds?

Materials

wading boots

tweezers

agquarium

Petri dishes

dissecting microscopes

Choose other materials that would be
appropriate for this lab.

Safety Precautions

Cal B8 [ b P2 B
WARNING: Handle living animals
with care.

Plan and Perform the Experiment

1. Read and complete the lab safecy
form.

2. Locate a pond to use for your observa-
tions and collections. Make sure you
have permission 1o use the pond.

3. Derermine methods to observe and
record animals that you see at the
pond that you do not collect.

4. Design and construct a data zable o
record your observations.

5. Make sure your teacher approves your
plan before you proceed.

6. Cleanup and Disposal Wash your
hands after handling any live organ-
isms. Return the animals and any pond
water to the pond. Wash and return ali
reusable lab marerials and correctly
dispose of other materials used in the
lab as directed by your teacher.

Analyze and Conclude

1. Use Scientific Explanations How
were you able to determine if the
organisims you observed were animals?

2. Summarize the adaptarions used for
obraining food that you observed. ,
Were any of the adaprations similar to
those you observed in MiniLab 1?2

3. Compare and contrast the methods
of movemnent used by each of the ani-
mails you abservedl,

4. Interpret Data Look at drawings or
phetographs of the animals you
observed. What do these illustrations
tell you about the body plan of each
organism? What gut type does each
animal have?

5. Error Amalysis Whart other types of
observations could you make to verify
your conclusions about each organism?

Biniogy

Malke a Bookdet Choose one of the animals
vou observed in your pond study. Develop an
Ilustrated booklet thar shows how this
animal obtains food, how it reproduces, its
body plan, and its stages of development.
Share the information wirh your class.
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inveriebrate (p. 593)
exaskeleton {p. 693}
endoskeleton (p. 693}
vertebrate (p. 693)
hermaphrodite {p. 695)
zygote (p. 695)

internal fertilization (p. 695)
external fertilization (p. 695)
blastula {p. 696}

gastrula {p. 696}

endoderm {p. 6%7)
ectoderm (p. 657}
mesoderm {p. 597)

(ELE Animat phylogeny is determined in part by animal body plans and
adaptations.

i Animeals are mutticellular, eukaryotic heterotrophs that have
eva&ved o live in many different habitats.

« Animals are heterotrophs and must get their nutrients from other

organisins.

Animals have diverse means of support and live in diverse habirtats.

« Animal cells do not have cell walls and most have cells that are
organized into tissues.

¢ Most animals undergo sexual reproduction and most can move.

« During embryonic development, animal cells become tissue layers,
which become organs and systems.

symmetry (p. 700}
radial symmetry (p. 700}
bilateral symmetry (p. 700}
anterior {p. 700}
posterior {p. 700)
cephalization {p. 700}
dorsal {p. 700}

vepntral (p. 700}

coelom {p. 701}
pseudocostom (p. 701)
acoelomate (p. 701)
protostome (p. 702}
deuterostome (p. 702}

Animal phylogeny can be determined, in part, by body plans
and the ways animals develop.

= Animal phylogeny can be compared 1o a tree with branches.

e The branches of a phylogenetic evolutionary tree show the
relationships arnong animals.

= Animal phylogeny can be determined, in part, by the animal's type of

body cavity or lack of a body cavity.

After gastrulation, rwo types of developmenr can occur in coelomate

animals.

o Segmentaticon is an important feature in some coelomate animals.

&

fitter feeder {p. 706}

sessile {p. 706}

cnidocyte (p. 7i0)
rnematecyst (p. 710}
gastrovascutar cavity (p. 711
nerve net (p. 711}

palyp (p. 712}

medusa (p. 712}

Sponges and coidarians were the first animals o evolve from
& muEt celiviar ancestor.

= Sponges can be described according to animal features they do not
have and according to features they do have.

Sponges do not have tissues, but carry out the same life functions as other
animals.

Cnidarians have unique features that other animals do not have,
Cnidarians have more highly evolved body forms and structures than
sponges.

Sponges and cnidarians are important to the ecology of their habitats
and to humans.
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Section 4 —

Yocabulary Review

Match the definitions below wirh the correct vocabu-
lary terms from the Study Guide page.

1. a hard outer covering that provides support

2. fluid-filled ball of cells formed by miotic cell
division of the embryo

3. an animal that produces both eggs and sperm

Understand Main ldeas

Use the diagram below to answer question 4.

4. The embryo is in which stage of development
A. gastrula C. egocell
B. blastula D. zygote

5. Which material is not found in endoskeletons?
A. calcium carbonate C. silica
B. bone D. cartilage

6. Hox genes are active during which process?
A. cell differentiation C. digestion
B. movement D. neural stimulation

Constructed Response

Select an animal and describe its
adaptauons and characteristics specific to its
environiment.

8. Open Ended Describe the advantages and dis-
advanrages of internal and external fertilization.

Think Critically

9. Interpret this staternent by Hans Spemann, a biol-

ogist who studied embryonic development: “We
are standing and walking with parts of our body

which could have been used for thinking had {hey

developed in another part of the embryo?”

Online Test Practice

10. Hypothesize what might happen to an embryo

that suffers damage to some mesoderm cells.
Section 2

Yocabulary Review

Distinguish betweer: the vocabulary terms in each pair.

i1.

bilateral symrmetry and radial symmetry

12, ventral and dorsal

13. coelom and pseudocoelom

Understand Main ideas

Use the diagram below to answer questions 14 and 15.

15.

sponges
flatweorms
. annelids

- chidarians
rotifers
v moilusks

- roundworms
i.arthropods
. -echinoderms

' wivi chotdates

segments

fissues

Ancestral protist

Based on the evolution-
ary tree above, which statement is true?

A. True tissues evolved after bilateral symmetry.
B. Segments evolved after bilateral symmerry.
C. The common animal ancestor was a sponge.
D. Most animals have raclial symmetry.

On the evolutionary tree, which animals are
related most closely?

A. an annelids and mollusks

B. flatworms and annelids

. roundworms and annelids

D. annelids and echinoderms
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16. % % An embryologist, a
scientst who studies embryoes, discovers a new

marine animal. When one cell is removed during its

carly development, this cell develops into a com-
plete animal This animal is which of the following?
A. acoelomate

B. deuterostome

€. protostome

D. pseudocoelomate

Use the diagram below to answer question 17.

Mesoderm

17. What does the location of the mesoderm indi-
cate about this embryo?
A. The cells are directly aligned.
B. The outcome of each cell can be changed.

C. The mouth develops from the gastrula opening,
D. The coelom fonms from pouches of mesoderm.

18. The evolution of an internal hody cavity had
adaprive advantage in all the following areas
except for which?
A. circulation
B. movement

C. feeding
3. muscular systern

£9. Based on the evolutionary iree in Figure 8,

what characteristics does an annelid have that a :

flatworm does not?

A. a coelom, a body cavity, bilateral symmertry,
and no tissues

B. a coelom and segmentation

C. a coelom, protostome development, and
segmentation

D. a pseudocoelom, a body cavity, and bilateral
symmetry

20. What is the lighter undersurface of a frog called?
A. dorsal surface €. anterior surface
B. ventral surface . posterior surface
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Constructed Response

21. Open Ended Construct a working model of
cell differentiation using clay, sait dough, or
other materials. Make the first stage, then make
that stage inte the next, and that stage into the
next until you have complered the steps.

22. Open Ended Describe three examples not dis-
cussed in this chapter of each type of symmetry.

Think Criticaily

23,0 Biclogists have recently determined
that some sea anrerones seem to possess bilateral
symmetry. Hypothesize how this changes ideas
for how and when bilateral symmetry evolved.

24. Explain how segmenrtarion and exoskeletons
gave some animals an adaprive advantage over
those that were not segmented and did not
have exoskeletons.

Section 3

Vocabulary Review

For each set of terms below, choose the term rhat
does nor belong and explain why it does not belong.

25. cnidocyte, nematocyst, cnidarian, spicule
26. pores, gemmule, filter feeder, nematocyst

27. alternation of generations, polyp, spongin, medusa

Understand Main ideas
Use the photo below to answer question 28.

28. The animal in the photo zbove possesses
which characreristic?
A. cephalization
B. cnidocytes

C. bilateral symmerry
D. asymimetry

Dlawson Wood/Corbls
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29. Cnidarians evolved directly from which group?
A. sponges
B. multicellular choanoflagellates
C. flatworms
D, animals with bilateral symmetry

Use the image below to answer guestion 30.

30. How does the animal shown in the image
reproduce?
A. fragmentation
B. external fertilization
C. internal fertilization
D. regeneration

31. Which i3 not a characteristic of sponges?
A. filter feeding
B. digestion inside cells

C. asymmetry
. rissues

32. Which pair of words is mismatched?
sponges, filter feeding
cnidarians, nematocysts

sponges, free swimming larva
cnidarians, spicules

onEpE

Constructed Response

33. Open Ended FExamine the classified section
in the newspaper to see how it is organized.
Then use your knowledge of cnidarians to
write an ad to describe an ideal jellyfish
homesite.

Think Critically

34, UK Evaluate the importance of sponges
and cnidarians in animal phylogeny.

35. Create Make a concept map using the follow-
ing words: coral, polyp, cnidocyte, reef, cal-
cium carbonatea and zooxanthellae.

Dnline Test Praciice

Summative Assessment

y idea Imagine you are working in a
university laboratory. You are given an
unknown invertebrate and told to determine
its phylogeny. What characrerisrics would
you use to accomplish this?

fslogy Write an editorial for
a newspaper advocating protection for coral
reefs. Fxplain the dangers that corals are fac-
ing, and make suggestions about what could
be done to preserve and protect reefs.

Document-Based Questions

Transplantation experiments with early embryos of
newrs show that when tissue responsible for tail
development was added into a different fluid-filled
gastrula, it caused the effects shawn below.

Data abtained from: Niehss, C. 2003, A tale of tails. Mature 424; 375-376,

Early  Fluid-
newt filled
embryc gastrula

TR B
forg S

- Duplicate head

G Duplicate
trunk

i~ Duplicate
.. lail

38. When a section {from the top of the area was
transplanted, where did the new tissue grow?

39. When a section from the bottom of the area
was transpianted, where did the new tissue
grow?

40, Make a summary statement thar describes
where new tissue grew when portions of the
embryo responsible for tail development
were transferred to fluid in the gastrula.
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Standardized Test Practice

Curnutative

1. Which color of flower is most likely to atrract
nocturnal pollinaters such as bats and moths?
A. blue
B. red

C. violet

D. white

Use the illustration below to answer questions 2 and 3.

“Saa star

2. How would you describe the body symimetry of

the animals shown in the above illustration?

A. Both have bilateral symmetry.

B. Both have radial symmetry.

C. The sea star has bilatreral symmetry and the
bird has radial symmetry.

D. The sea star has radial symmetry and the bird
has bilateral symmetry.

3. How does the body shape of the sea star help

with its survival?

A. Tt enables the sea star to capture many kinds of
prey.

B. It enables the sea star to capture prey from
many direcrions.

C. Tt enables the sea star to move through the
water quickly.

D. 1t enables the sea star to move through the
water feebly.

4. Which structure in nonvascular plants is similar
1o roots in vascular plants?

chioroplast

mucilage

rhizoid

. sporophyte

onwp
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5

. Which hormone stimulates the ripening of fruip
A, auxin
B. cytokinins
€. ethylene
D. gibberellins

Use the diagram below ¢ answer question 6.

8

© 6. At which stage of the fern life cycle does the chro-

mosome nurnber change from haploid to diploid?
Al

onNnw
EN TV N

7. Which is the role of sclerenchyma cells in plants?

A. gas exchange
B. photosynthesis
C. food storage
B support

. What evidence would help scientists determine
that colenial organisms were an early step in the
evolurion of multicellularity?

A. similarities in DNA or RNA of early multicellular
organisms and colonial uniceilular organisms

B. differences in DNA or RNA of early mulricellular
organisms and colonjal unicellular organisms

C. similarities of early multicellular organisms
and present-day multicellular organisms

D. differences between early multicellular organ-
isms and present-day multicellular organisms

Standardized Test Practice




Use the diagram below to answer question 9.

9. A student conducted an experiment using the

above set up. Explain the purpose of this experi-

ment.

16. Which type of fossils would tell a paleontologist

the most about the soft tissues of an animal

11. Explain why most spore-producing plants live in

IMOIst areas.

Use the diagram below to answer question 12.

12. How is the age of a tree estimated? What is the

15.

16.

7.

Plasmodium is a sporozoan thart causes the dis-
ease malaria. ldentify the different stages of the
sporozoan that occur in mosquitoes. Assess the
importance of the stages of the life cycle that
occur in mosquitoes.

Why does Mendel’s law of segregarion only apply
to organisms thar reproduce sexually?

summarize egg developmenrt and fertilization in
flowering plants.

Pollen analysis, or palynology, is an important tool
used in archaeology. Palynologists take samples of
soil from archaeological sites and analyze the
pollen from different soil layers. By examining the
changes in pollen types over time, palynologists
can learn abour historical land use. The pollen in
the soil indicates how the land was used-whether
it was cultivated, a forest was cleared, or if it was
abandoned.

Using the informartion in the paragraph above, answer
the following question in essay formar.

approximare age of this tree? 18. Scientists have been trying to find the origin of
corn. They know that corn was domesticated
13. Name four flower adaptations that attract from a plant called teosinte that grew somewhere
insects. in the cenral valley of Mexico between 12,000
and 6,000 years ago. It often is hard to find
14. What are three kinds of evidence that can be intact corncobs because they do not f{ossilize
used to confirm whether animals with different well. How could a palynologist help determine
body structures are related closely? the origin of corm?
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