


Essenitial Guesitions

& What are the similarities and
differences hetween Aristotie’s and
Linnaeus’s methods of classification?

® Using binomial nomenciature, how
are scientific names written?

& What are the categories usedin
biolegical classification?

Review VYocabulary

morphology: the structure and form of
an organism or one of its parts

New Vocabulary

classification
taxonomy
binomial nomenclature
taxon
genus
family
order

class
phyium
division
kingdom
demain
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K4 Biclogists use a system of classification to srganize
infarmnation about the diversity of living things.

Heal-World Heading Link  Think about how frustrating it would be if you went into
a music store and afl the CDs were In one big pile. You might need to go through all
of them to find the one you want. Just as stores group CDs according to type of
music and artist, biologists group living things by thelr characteristics and
evolutionary refationships.

Early Systems of Classification

Has anyone ever told you to get organized? You are probably
expected to keep your room in order. Your teachers might have asked
you te organize your notes or homework. Keeping iterns or informa-
tion in order makes them easier to find and understand. Biologists
find it easier to communicate and retain information abour organisms
when the organisms are organized into groups. One of the principal
tools for this is biological classification. Classification is the grouping
of objects or organisms based on a set of criteria.

Aristotle’s systern More than two thousand years ago, the Greek
philosopher Aristotle (384-322 p.c) developed the first widely
accepted system of biological classification. Aristotle classified organ-
Isms as either animals or plants. Animals were classified according to
the presence or absence of “red blood” Aristotle’s “bloodless” and “red-
blooded” animals nearly match the modern distinction of invertebrates
and vertebrates. Animals were further grouped according to their habi-
tats and morphology. Plants were classified by average size and struc-
ture as trees, shrubs, or herbs. Table 4 shows how Aristotle might have
divided some of his groups.

Aristotie’s
Classification
System

Interactive Table

Herbs Shrubs Trees

Violets Blackberry hush Apple
Rosemary Honeysuckle Oak
Onions Flannelbush Maple

Land Water Air

Wolf Dolphin Owl
Cat Eel Bat
Bear Sea bhass Crow




(i}Comstock Images/Alamy; (c)@Mediolmages/SuperStock; (NU.S. Fish & Wildlife Service/Bill Thompson

Aristotle’s system was useful for organizing, but it had many limita-
tions. Aristotle’s system was based on his view that species are distinct,
separate, and unchanging. The idea that species are unchanging was
common until Darwin presented his theory of evolution. Because of his
understanding of species, Aristotle’s classification did not account for
evolutionary relationships. Additionally, many organisms do not fit easily
into Aristotle’s system, such as birds that do not fly or frogs that live both
on land and in water. Nevertheless, many centuries passed before Aris-
totle’s system was replaced by a new system that was better suited to the
increased knowledge of the natural world.

Linnaeus’s systern Inthe eighteenth century, Swedish naturalist
Carolus Linnaeus {1707-1778) broadened Aristotle’s classification
method and formalized it into a scientific system. Like Aristotle, he
based his system on observational studies of the morphology and the
behavior of organisms. For example, he organized birds into three
major groups depending on their behavior and habitat. The birds in
Figure 1 illustrate these categories. The eagle is classified as a bird of
prey, the heron as a wading bird, and the cedar waxwing is grouped
with the perching birds.

Linnaeus’s system of classification was the first formal system of
taxonomic organization. Taxenemy (tak SAH nuh mee) is a discipline
of biology primarily concerned with identifying, naming, and classify-
ing species based on natural relationships. Taxonomy is part of the
larger branch of biology called systematics. Systematics is the study
of biological diversity with an emphasis on evolutionary history.

Binomial nomenclature Linnaeus’s method of naming organ-
isms, called binomial nomenclature, set his system apart from Aris-
totle’s system and remains valid today. Binomial nomenclature
(bi NOH mee ul « NOH mun klay chur) gives each species a scien-
tific name that has two parts. The first part is the genus (JEE nus)
name, and the second part is the specific epithet (EP uh thet), or
specific name, that identifies the species. Latin is the basis for bino-
mial nomenclature because Latin is an unchanging language, and,
historically, it has been the language of science and education.

American bald cagle Great blue heron
Bird of prey Wading bird

Figure T Linnaeus would have classified
these birds based on their morpholagical and
behavioral diffarences.
infer in which group Linnaeus might
have placed a robin.

Cedar waxwing
Perching bird
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Figure 2 Cardinglis cardinalis is a bird
with many common names and is seen
throughout much of the United States, It is the
siate hird of lilinois, indiana, Kentucky, Marth
Carolina, and Chio.
kbentify some other animals that Aove
multiple common pames.

Binomial nomenclature
comes {rom the Latin words bi
meaning rvg, homen, meaning
name; and calarus, meaning list.

’
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Biologists use scientific names for species because cornmon names
vary in useage. Many times the bird shown in Bigure 2 is called a red-
bird, sometimes it is called a cardinal, and other times it is called a
Northern: cardinal. In 1758, Linnaeus gave this bird its scientific name,
Cardinalis cardinalis. The use of scientific names avoids the confusion
that can be created with common names. Binomial normenclarure also
is useful because common names can be misleading. If you were doing
a scientific study on fish, you would not include starfish in your stud-
les. Starfish are not fish. In the same way, great horned owls do not
have horns and sea cucumbers are not plans.

When wriring a scientific narme, scientists follow these rules.

e The first letter of the genus name is always capitalized, but
the-rest of the genus name and all letters of the specific epi-
thet are lowercase.

o If a scientific name is written in a printed book or magazine,
it should be italicized.

o When a scientific name is written by hand, borh parts of the
narme should be underlined,

» After the scientific name has been written once completely,
the genus name often will be abbreviated o the first letrer in
later appear-ances. For example, the scientific name of Carding-
lis cardinalis can be wrirten C. cardinalis.

Reading Check Explain why Latin is the basis for many scientific names.

Maodern classification systems The study of evolution in the
1800s added a new dimension ro Linnaeus’s classification system.
Many scientists at that time, including Charles Darwin, Jean-Baptiste
Lamarck, and Ernst Haeckel, began to classify organisms not only on
the basis of morphological and behavioral characteristics. They also
included inferred evolutionary relationships in their classification SVs-
tems, Today, while modern classification systems remain rooted in the
Linnaeus tradition, they have been modified to reflect new knowl-
edge about evolutionary ancestry.

Gay Bumgamer/Getty Images
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Taxonomic Categories

Think about how things are grouped in your favorite video store. How
are the DVDs arranged on the shelvest They might be arranged accord-
ing to genre-action, drama, or comedy—and then by title and year.
Although taxonomists group organisms instead of DVDs, they also
subdivide groups based on more specific criteria. The taxonomic
categories used by scientists are part of a nested-hierarchical system—
each category is contained within another, and they are arranged

from broadest to most specific.

Ypecies and genus A named group of organisms is called a taxon
(plural, taxa). Taxa range from having broad diagnostic characteristics
10 having specific characteristics. The broader the characteristics, the
more species the taxon contains. One way to think of taxa is tc imag-
ine nesting boxes—one fitting inside the other. You have already
learned about two taxa used by Linnaeus—genus and species. Today, a
genus (plural, genera) is defined as a group of species that are closely
related and share a commeon ancestor.

Note the similarities and differences among the three species
of bears in Figure 2. The scientific names of the American black
bear (Ursus americanus) and the Grizzly bear (Ursus arcros) indi-
cate that they belong to the same genus, Ursus. All species in
the genus Ursus have massive skuils and similar rooth struc-
tures. Sloth bears (Melursus ursinus), despite their similarity to
members of the genus Ursus, usually are classified in a different
genus, Melursus, because they are smaller, have a different skull
shape and size, and have two fewer incisor teeth than bears of
the genus Ursus.

Eamily All bears, both living and extinct species, belong to the
same family, Ursidae. A family is the next higher taxon, consist-
ing of similar, related genera. In addition to the three species
shown in Figure 3, the Ursidae family contains six other species:
brown bears, polar bears, giant pandas, Sun bears, and Andean
bears. All members of the bear family share certain characteris-
tics. For example, they all walk flatfooted and have forearms that
can rotate to grasp prey closely.

Wildlife Biologist A scientist who

studies organisms in the wild is called
a wildlife biclogist. Wildlife biclogists

might study populations of bears or
waork to educate the public about
L nature.

i
N,

« Figure 3 All species in the genus Ursus
have large body size and massive skulls. Sloth

bears are classified in the genus Melursus.

L/

Uirsus americonus Ursus arctos
American black bear Grizzly bear

Melursus ursinus
Sloth bear

Saction 1 - The History of Classification
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Figure 4 shows how the taxa are organized
into a hierarchical system. The figure also
; . shows the complete classification from domain
s e © 1o species for the American black bear and the
hiack b ack hes : Asiatic black bear. Notice that the only differ-
. ence in the classification of the two different
bears is in the species category.

fae . Higher tave An order contains relared fami-
. lies. A class contains related orders. The bears
in Figure 2 belong to the order Carnivora and
class Mammalia. A phylura (F1 Tum) {plural,
phyla) or division contains related classes.
The term division is used instead of phylum for
the classification of bacteria and plants. Some-
times scientists break the commonly used
taxa inte subcategories, such as subspecies,
subfamilies, infraorders, and subphyla.

The taxon composed of related phyla or

- Figure 4 Taxonomic categories are contained within one another ke nesting ~ ©  divisions is a kingdom. Bears are classified in
boxes. Notice that the American black bear and Asiatic black bear are different phylum Chordara, Kingdom Animalia, and
species; however, their classification Is the same for all other categories. ! Domain Eukarya. The domain is the broadest

of all the raxa and contains one or more king-
doms. The basic characteristics of the three
domains and six kingdoms are described later
in this chaprer.

Minilab

Develop a Dichotomous Key

How can you classify items? Scientists group organisms based on their characteristics. These groups

are the basis for classification tools calied dichctomous keys. A dichotomous key consists of a serfes of choices
that lead the user to the correct identification of an organism. In this lab, you will develop a dichotomous key as
you group familiar objects.

Procedure s b & E

T. Read and complete the lab safety form.

2. Remove one shoe and make a shoe pile with other shoes from YOUr group.

3. Write & question in your dichctomous key regarding whether the shoe has a charactaristic of your cheice.
Divide the shoes into two groups based on that distinguishing characteristic.

4. Write another question for a different characteristic in your dichotomous key. Divide cne of the subgroups
into two smaller groups based on this distinguishing characteristic.

5. Continue dividing shoes into subgroups and adding guestions to your key until there is only one shoe in
each greup. Make a branching diagram to identify each shoe wiih a distinctive name.

6. Use your diagram to classify your teacher’s shoe,

Analysis

1. Relate taxa to the other groups vou used to classify shoes. Which groupz relates to kingdom, phyla, and so
on?

2. Explain how you were able to classify your teacher’s shoe in Step 6.

3. Critique how your classification system could be modified to be more effective.

488 Chapter 17 - Organizing Life's Diversity
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: Figure B This systematist is searching for
new species of insects as a part of his research.

Systematics Applications

Scientists who study classification provide dertailed guides that help
people identify organisms. Many times a field guide will contain a
dichotomous (di KAHT uh mus) key, which is a key based on a series
of choices between alternate characteristics. You can find out
whether a plant or animal is poisonous by using a dichotomous key
ro identity it.

LAIUNEES By BE9LAY Systematists, like the one shown in Figure 5
also work o 1dent1fy new species and relationships among known
species. They incorporate information from taxonomy, paleontology,
molecular biology, and comparative anatomy in their studies. While
the discovery of new species is exciting and important, learning a
new connection between species also impacts science and society.
For exampie, if a biologist knows that a certain plant such as the
Madagascar periwinkle, Carharanthus roseus, produces a chemical that
can be used to treatr cancer, he or she knows that it is possible related
plants also might preduce the sarme or similar chemicals.

Section E5@88 €
Lection Bummary . Understend Main ideas
@ Aristotle developed the first widely accepted  © 4. Explain why a biclegical classification system is important,

biofogicel classification system. 2. Summarize the rules for using binomial nomenclature.

3. Compare and contrast how modern classification systems differ from those
used by Aristotle and Linnaeus.

@ Linnaeus used morphalogy and hehavior to
classify plants and animals,

@ Binomial nomenclature uses the Latin genus
and species to give an organism a scientific
name.

4. Classify a giant panda, Alluropoda mefanoleuca, completely from domain to
species Tevel by referring to Figure 4.,

Think Sritically

Blodogy
5. Wyite a short story describing an application of hiological classification.

@ Organisms are classified according to a
nested hierarchical system.

&. Consider where you would expect to see more biodiversity: among mem-
hers of a phyla or among members of a class. Why?

W s oxomow o2

7. Differentiate between taxonomy and systematics.

Section 1. Tha History of Classification 88%




Essential Guestions

@ What are the similarities and
differences beiween species
concepts?

& What are the methods used to reveal
phylogeny?

& How is a cladogram constructed?

Review Yocabulary

evolution: the historical development
of a group of erganisms

Mew Yocabulary
phylogeny

character

melecular clock
cladistics

cladogram

{sj? Multilingual eGlossary
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Classification systems have changed over time as information
has increased.

Heal-World Reading Link Did you ever try a new way of organizing your

school notes? Just as you sometimes make changes in the way you do something
based ¢n a new idea or new information, scientists adjust systems and theories in
science when new information becomes available,

It is not always easy to define a species. Organisms thart are different
species by one definition might be the same species by a different
definition. As knowledge increases, definitions change. The concept
of a species today is much different than it was 100 years ago.

Typological species concept Aristotle and Linnaeus thought
of each species as a distinctly different group of organisms based on
physical similarities. This definition of species is called the typologi-
cal species concept. It is based on the idea that species are unchang-
ing, distinct, and natural types, as defined earlier by Aristotle. The
type specimen was an individual of the species that best displayed
the characteristics of that species. When another specimen was
found thart varied significantly from the type specimen, it was clas-
sified as a different species. For example, in Figure & the color pat-
terns on the butterflies’ wings are all slightly different. At one time,
they might have been classified as three different species because of
these differences, but now they are classified as the same species.
Because we now know that species change over time, and because
we know that members of some species exhibit tremendous variation,
the typological species concept has been replaced. However, some of
its traditions, such as reference to type specimens, remain.

« Figure & Although these tropical butterfiies vary in their color patterns, they are classified
as different varieties of the same spedies, Heliconius erato.

Bescribe why early taxonomists might have classified them s separate
species.

Barbara Strnadova/Phato Researchers



Bivlogical species concept Theodosius Dobzhansky and Ernst
Mayr, two evolutionary biclogists, redefined the term species in the
1930s and 1940s. They defined a species as a group of organisms that
is able to interbreed and produce fertile offspring in a nacural setting.
This is called the biological species concepr, and it is the definirion
for species used threughout this texrbook. Though the butterflies in

Figure & have variable color patterns, they can interbreed to produce Q;ﬁ éf t“?@;

fertile offspring and therefore are classified as the same species. LT e 4t f} - ?ﬂ; ********** .
There are limitations to the biological species concept. For exam- © | Mote Discussions While you read,

ple, wolves and dogs, as well as many plant species, are known to © 1 use selftaghesive notes to mark

interbreed and produce fertile offspring even though they are classi- © | passages that you do not understand.

fied as different species. The biological species concepr also does not : | Inaddition, mark passages you do

account for extinct species or species that reproduce asexually. How- understand and can explain fo others
with your own explanations, examples,

ever, l?ecause t_he blp@@g;{gl species concept works in most everyday : | and ideas. Then, ciscuss them with your
experiences of classification, it is used often. * | dassmates.

Phylogenetic species concept In the 1940s, the evolutionary
species concept was proposed as a companion to the biological spe-
cies concept. The evolutionary species concept defines species in
terms of populations and ancestry. According to this concept, two or
more groups that evolve independently from an ancestral population
are classified as different species. More recently, this concept has
developed into the phylogenetic species concept. Phylogeny (fi LAH
juh nee} is the evolutionary history of a species. The phylogeneric

species concept defines a species as a cluster of organisms that is dis- Launch Lab

tinct from other clusters and shows evidence of a pattern of ancestry | Review Based on what you have read
and descent. When a phylogenetic species branches, it becomes two | about classification systems, how would
different phylogenetic species. For example, recall that when organ- : you now answer the analysis

isms become isolated-geographically or otherwise—they often evolve ~ :  questions?

different adaptations. Eventually, they might become different enough
to be classified as a new species.

This definition of a species solves some of the problems of earlier
concepts because it applies to extinct species and species that
reproduce asexually. It also incorporares molecular data. Table 2
summarizes the three main species concepts.

| Species Concepls interactive Table

Typological Classification is determined by the  Alleles produce a wide variety of Descriptions of type specimens
species comparison of physical features within a species. provide detailed records of the
concept characteristics with a type physical characteristics of many

specimen. organisms.
Biological ClassHication ts determined by Some organisms, such as wolves The working definition applies
species similar characteristics and the and dogs that are different species,  in most cases, so it is still used
cancept ability to interbreed and produce interbreed occasionally. [t does not  frequently.

fertite offspring. account for extinct species.
PFhylogenetic Classification is determined by Evolutionary histories are not Accounts for extinct species and
species evolutionary history. known for all species. censiders melecular data.
concept
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Character

Science usage: a feature that
varies among species

Organisms are compared based on
similar characters

Common usage: imaginary person
in a work of fiction—a play, rovel,
or film

The queen was my favorite character
in the book.

« Figure 7 This artist’s conception of
Oviraptor phifoceratops might not appear to be
related to the sparrow Zonofrichia leucophrys,
but these animals share many characieristics
that indicate & shared evolutionary history.
Beduce which similarities might prompt
you to think that these species are more
closely related thean was

cormmmonly thought,

Oviraptor philoceratops

£#92 Chapter 17 - Organizing Life's Diversity

Charscters

To classify a species, scientists often construct parterns of descent, or
phvlogenies, by using characters-—inherired features that vary among
species. Characters can be morphological or biochemical. Shared
morphological characters suggest thar species are velated closely and
evolved from a recent commeon ancestor. For example, because hawks
and eagles share many morphological characters that they do not share
wirh other bird species, such as keen evesighr, hooked beaks, and
taloned feet, they should share a more recent common ancestor with
each other than with other bird groups.

Morphological characters When comparing morphological charac-
ters, it is important to remember that analogous characters

do not indicate a close evolutionary relationship. Remember that
analogous structures are those that have the same function bur differ-
ent underlying construction. Homologous characters, however, might
perform different functions but show an anatomiical similaricy inher-
ited from a common ancestor.

Birds and dinesaurs Consider the oviraptor and the sparrow shown
in Figure 7. At first you might think that dinosaurs and birds do not
have much in common and do not share a close evolutionary rela-
tionship. A closer look at dinosaur fossils shows that they share
marny features with birds. Some fossil dinosaur bones, like those of
the large, carnivorous theropod dinosaurs, show thar their bones
had large hollow spaces. Birds have bones with hollow spaces. In
this respect, they are more like birds than most living reptiles, such
as alligators, lizards, and turtles, which have dense bones. Also, the-
ropods have hip, leg, wrist, and shoulder structures that are more
similar to birds than to other repriles. Recently, scientists have dis-
covered some fossil dinosaur bones that suggest some theropods
had feathers. The evidence provided by these morphological charac-
ters indicates that theropod dinosaurs are related more closely to
modern birds than they are to other reptiles.

Reasing Check Explain how morphological characters have
influenced the classification of dinosaurs and birds.

Zonotrichia leucophrys

@G.T. Andrewartha/FLPA/Carhis
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Gorilla Orangutan

Gorilfa gorifia

Chimpanzee
Pan troglodytes

(‘
(3

S

- Figure & The representation of chromosome-banding patterns for these homologous
chromosomes iliustrates the eviderce of a close evoluticnary relationship among the
chimpanzee, gerilla, and orangutan.

Biochemdcal characters Scientists use biochemical characters,
such as amine acids and nucleotides, to help them determine evolu-
tionary relationships among species. Chromosome structure and
number is also a powerful clue for determining species similarities.

For example, members of the mustard family (Cruciferae)-including | yoe ABULABY ... .

broceoli, cauliflower, and kale—all look different in the garden, but

Pongo pygmaeus

these plants have almost identical chromosome structures. This is "Corresponding ‘

strong evidence that they share a recent common ancestor. Like- . being similar or equivalent in

wise, the similar appearance of chromosomes among chimpanzees, character, quantity, origin, struc-
gorilias, and orangutans sug-gests a shared ancestry. Figure 8 shows | ture, or function :
the similar appearance of a chromosome-banding pattern in these . The corresponding sequences matched
three primates. . perfectly. ... ..., . ‘

DNA and RNA analyses are powerful tools for reconstructing
phylogenies. Remember that DNA and RNA are made up of four
nucleotides. The nucleotide sequences in DNA define the genes
that direct RNA to make proteins. The greater the number of
shared DNA sequences between species, the greater the number of
shared genes—and the greater the evidence thar the species share a
recent COminon ancesor.

Scientists use a variety of technigues to compare DINA sequences
when assessing evolutionary relationships. They can sequence and
compare whole genomes of different organisms. They can compare
genome maps made by using restriction enzymes. They also use a
technique called DNA-DNA hybridization, during which single strands
of DNA from different species are melted together, The success of the
hybridization depends on the similarity of the sequences--comple-
mentary sequences will bind to each ather, while dissimilar sequences
will not bind. Comparing the DNA sequences of different species is
an objective, quantitative way to measure evolutionary relationships.

' Section 2 « Modern Classification
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Bsiatic elephant

African elephant {savanna} African elephant (foerest)

¢« Pigure 8 The two populations of African
elephants had been classified as the same
species; howaver, DNA analysis shows that they
might be separate species. The Asiatic elephant
belongs to a separate genus.

A species example The classification of elephants is one example

of how molecular data has changed traditional taxonomic organization.
Figure ® shows pictures of elephants that live in the world today. Tax-
onomists have classified the Asiatic elephant (Elephas maximus) as one
species and the African elephant (Loxodonta africana) as another for
over 100 years. However, they have classified the two types of African
elephant as the same species, even though the two populations look
different. The forestdwelling elephants are much smaller and have lon-
ger tusks and smaller ears than the savanna-dwelling elephants. Even
so, scientists thought thart the elephants interbred freely at the mar-
gins of their ranges. Recent DNA studies, however, show that the Afri-
can elephants diverged from a common ancestor abour 2.5 million:
years ago. Scientists have proposed renaming the forest-dwelling ele-
phant Loxodonza cycloris. Use Bata Analysis Lab 4 10 explore molecular
evidence for renaming the forest-dwelling elephant.

DATA ANALYSIS LARB

Based on Real Data™

Data and Chservations

Are African elephants & separate species?

Efforts to count and protect elephant populations in
Africa were based on the assumgption that all African
elephants belong to the same species. Evidence from
a project originally designed to trace ivory samples
changed that assumption.

A group of scientists studied the DNA variation
among 195 African elephants from 21 popula-

tions in 11 of the 37 nations in which African

elephants range and from seven Asian elephants.
They used biopsy darts to obtain plugs of skin

from the African elephants. The researchers focused
on a total of 17732 nuclectides from four nuclear genes
that are not subject to naturat selection. The following
paragraph shows the resulis of the samples.

*Data obtained from: Reca, AL, et al. 2001, Genetic evidence for two species of
elephants in Africa. Science 293(5534): 1473-1477.

“Phylogenetic distinctions between African forest
elephant and savannah elephant population corre-
sponded to 58% of the difference in the same
genes between elephant genera Loxodonta
(African) and Elephas (Asian).”

Thirk Critically

1. Describe the type of evidence used in
the study.

2. Explain the evidence that there are two
species of elephants in Africa.

3. Propose other kinds of data that could be used to
support three different scientific names for ele-
phants.

4. Infer Currently, Loxodonta ofricana is protected
from being hunted. How might reclassification
affect the conservation of forest elephants?

494 Chapter 17 - Organizing Life’s Diversity
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Molecular clocks You know that mutations occur randormnly in DNA.
As time passes, mutations accurnulate, or build up, in the chromo-
somes. Some of these mutations do nort affect the way cells function,
and they are passed down from parent to offspring. Systematists can
use these murarions to help them determine the degree of relation-
ship among species. A molecular clock is 2 model that is used to
compare DNA sequences from two different species 1o estimate how
long the species have been evolving since they diverged from a com-
Imon ancestor. Figuee 46 illustrates how a molecular clock works.

Scientists use molecular clocks to compare the DNA sequences or
amino acid sequences of genes thar are shared by different species. The
differences between the genes indicate the presence of mutarions. The
more mutations that have accumulated, the more time that has passed
since divergence. When the molecular clock technique was first intro-
duced in the 1960s, scientists thought the rate of musation within
specific genes was constant. Hence, they used the clock as an analogy.
However, scientists now know that the speed by which murarions
occur is not always the same in a single gene or amine acid sequence.

The rate of mutation is affected by many factors, including the
type of mutation, where it is in the genome, the type of protein that
the mutation affects, and the population in which the muration
occurs. In a single organisin, different genes might murate, or “tick”
at different speeds. This inconsistency makes molecular clocks diffi
cult to read. Researchers try to compare genes that accumulate
murations at a relatively constant rate in a wide range of organisms.
One such gene is the gene for cytochrome ¢ oxidase, which is found
in the mitockondrial DNA of most organisms.

Despite their limitations, molecular clocks can be valuable
tools for determining a relative time of divergence of a species.
They are especially useful when used in conjunction with other
data, such as the fossil record.

Reading Check Explain what the molecular clock model uses to
compare DNA.

hylogenetic Reconstruction

The most common systems of classification today are based on a
method of analysis called cladistics. Cladistics (kia DIHS tiks) is a
method that classifies organisms according to the order that they
diverged from a common ancestor.

Character types Scientists consider two main types of charac-
ters when doing cladistic analyses. An ancestral character is
found within the entire line of descent of a group of organisms.
Derived characters are present in members of one group of the
line but not in the common ancestor. For example, when consid-
ering the relaticnship berween birds and mammals, a backbone
is an ancestral character because both birds and mammals have
a2 backbone and so did their shared ancestor. However, birds
have feathers and mammals have hair. Therefore, having hair is a
derived character for mammals because only mammals have an
ancestor with hair. Likewise, having feathers is a derived charac-
ter for birds.

Ancestral
gere

Time

Two
= mutations

New

Species 1

+ Flguee 40 This moiecular clock diagram
shows how mutations might accumulate over
time.

Infer why o clock is not a geod analogy
for this process,

VOCABULARY ... ..

Cladistics :
comes from the Greek word kiados, !
meaning sprout or branch .. ... :
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!

Evolutionzry Geneticist An
evolutionary geneticist uses genetic
analysis o establish evolutionary
relationships. Often, they work at

colleges and universities where they L/

!
teach and perform research. |

Arimation

Personal Tutor

« Plgure 9% This cladogram uses the derived
characters of plant taxa to model its phylogeny.
Graups that are closer to the lity on the
cladogram share a more recent common
ancestor.

identify which clodes have chioroplasts
but do not produce seeds.

&96 Chapter 17 - Organizing Life’s Diversity

Cledograms Sylematists use shared derived characters to make a
cladogram. A cladogram (KLAD uh gram) is a branching diagram
that represents the proposed phylogeny or evolutionary history of a
species or group. A cladogram is a model similar to a pedigree. Just
as a pedigree’s branches show direct ancestry, a cladogramy's branches
indicate phylogeny. The groups used in cladograms are called clades.
A clade is one branch of the cladogram.

Constructing a cladegram Figure 11 is a simplified cladogram

for some major plant groups. This cladogram was constructed in the
following way. First, two species were identified, conifers and ferns,
to compare with the lily species. Then, another species was identified
that is ancestral to conifers and ferns. This species is called the out-
group. The outgroup is the species or group of species on a cladogram
that has more ancestral characters with respect to the other organ-
isms being compared. In the diagram below, the outgroup is moss.
Mosses are more distantly related to ferns, conifers, and lilies.

The cladogram is constructed by sequencing the order in which
derived characters evolved with respect to the outgroup. The close-
ness of clades in the cladogram indicate the number of characrers
shared. The group that is closest to the lily shares the most derived
characters with lilies and thus shares a more recent common ances-
tor with lilies than with the groups farther away. The nodes where
the branches originate represent a common ancestor. This common
ancestor generally is not a known organism, species, or fossil. Scien-
tists hypothesize its characters based on the traits of its descendants.

The primary assumption The primary assumption that syscemarists
make when construcring cladograms is that the greater the num-
ber of derived characrers shared by groups, the more recently the
groups share a common ancestor. Thus, as shown in Figure 44, lilies
and conifers have three derived characters in common and are pre-
sumed 1o share a more recent common ancestor than lilies and
terns, which share only two characters.

A cladogram also is called a phylogenetic tree. Detailed phyloge-
netic trees show relationships ameng many species and groups of
organisms. Figure 42 illustrates a phylogenetic tree that shows the rela-
tionships among the domains and kingdoms of the most commonly
used classification system today.

- Clade

Wiosses " Corifers lies
b -
(owtgroup} Y ‘e‘ P P
§ E‘K% \ " Flowers
Y s - {derived character)
&\ LY e

!
} . fﬂ*‘fSeeds {derived character)
-

Node = Vascular tissue (derived character)

/./” " Anchors ot roots {ancestral character)

Ancestor with chloroplasts {ancestral character)
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Visualizing the Tree of Life

Figure 42

This phylegenetic tree shows the main branches in the “tree of lifa.” Notice the three domains and the
four kingdoms of Domain Eukarya. Al of the branches are connected at the trunk, which is labeled
Common Ancestor.

Slirme mold

Kingdom Plantae

Bacteria Cyanobacteria

Domain Archaea }-

Kingdom Fungi

Kingdom Protista

Domain Bacteria

Domain Eukarya

Common Ancestor

Animation

Kingdom Animalia

Squirrel

Flower

Mushroom
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The tres of Hife In his book
On the Origin of Species, Charles Darwin used the
analogy of a tree to suggest that all of the species
developed from one or a few species. He imagined
the tree’s trunk to represent ancestral groups and
each of the branches to have similar species. From
each branch, smaller and smaller branches grew.
Finally, at the tips of the twigs of these branches
were the leaves, consisting of individual living spe-
cies. This concept was developed further, and the

¢ term wree of life was coined by German biologist
fff‘»ﬂ:@% : Frnst Haeckel (1834-1919). Figure 43 shows Haeckel’s

PEDIGREE OF MAN.
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(i ammalis)
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mimﬁmm : © Genealogical Tree of Humanity. Haeckel was the first
.-"” EE : 1o represent phylogenies in the form of a tree, and

while his phylogenies are no longer completely accu-
rate, they represent the first step in the reconstruc-
tion of phylogenies.

The tree of life diagram in Figure 43 is a represen-
7 : tation of the diversity of living organisms. A tree of
| G =l I . life that incorporates all known organisms is almost

), - unimaginably large. Scientists have discovered and
described nearly 175 million species, and they esti-
mate that mmillions more remain unclassified. Assem-
bling a comprehensive tree of life requires a
: convergence of data from phylogenetic and molecular
* Figure 43 This illustration, made by Ernst Haeckel in. . analysis. It also requires collaboration among many
the nineteenth century, was one of the first graphic depictions : . . . R
of evolutionary relationships, sCientists representing many disciplines, from molec-

ular biology to Earth science to computer science.

Many scientists think that the construction of a com-
prehensive tree of life, though an enormous task, is
an important goal. Knowing how all organisms are
related would benefit industry, agriculture, medicine,
and conservartion,

Friraitive ™ oeems
[Archeimlattien)

Sen-Nattlea e
thclephar) [

Tovertelwnre Tntestionl
Animals
[Metazon Trertebratn;

Primitire Anlmaly
{Protozos)

Animation

Section

Section Summary - Understand Main ldeas

Describe how the changing species concept has affected clas-
sification systems.

@ The definition of species has changed over  * 1.
time.

@ Phylogeny is the inferred evolutionary 2. Sumimarize the different concepts of a species.

R R R N

history of a species, evidence for which 3. Desaibe some methods used to determine phylogeny.
comes from a variety of studies.
y 4. Organize the following derived characters on a cladogram in order of ascending
® A molecular clock uses comparisons of DNA - - complexity: mutticeliular, hair, backbone, uniceliular, and four appendages.
sequences to estimate phylogeny and rate :

Think Critically

P Bioloay
5. Describe the mathematical challenges of counting the “ticks” of a
molecular clock.

of evolutionary change.

@ Cladistic analysis models evolutionary :
relationships based on sequencing derived -
characters. .

. 6. Evaluate the analogy of a tree for the organization of spacies based on
phylogeny.

7. Indicate the hypothetical evolutionary relationship between two species if

their DNA sequences share a 98 percent similarity.

Science Source

Online QGuiz
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Essential Guestions

& What are the major characteristics of
the three domains?

& What are the differences among the
six kingdoms?

@ How are organisms classified at the
kingdom level?

Review Vocabulary

eubaryote: an organism composed of
one or more cells containing a nucleus
and membrane-bound organelies

hMew Voecabulary

archaea
protist
fungus

, 4 Muliilingual eGlossary

Virtual Lab

- Figure 1€ Bacteria vary in their habitats and

their methods of obtaining nourishment. The

bacteria Mycobacterium tuberculosis that cause
tuberculosis are heterotrophs. Cyanchacteria, such

as Angbaena, are autotrophs.

Color-Enhanced SEM Magnification; 15,0003

Mycobocterium tuberculosis

The most widely used biclogical classification system has six
kingdoms within three domains.

zal-World Reading Link What have you learned about the size of a kingdom as
cempared to a city, a village, or an individual home in your history classes? How
does this knowledge help you understand the classification system?

The broadest category in the classification system used by most biclo-
gists is the domain. There are three domains: Bacteria, Archaea, and
Eukarya. Within these domains are six kingdoms: Bacteria, Archaea,
Protists, Fungi, Plantae, and Animalia. Organisms are classified into
domains according to cell type and structure, and into kingdoms
according to cell type, structure, and nutrition.

This three-domain, six-kingdom classification system has been in
use for less than three decades. It was modified from a systemn that did
not have domains but had five kingdoms after scientists discovered an
entirely new kind of organism in the 1970s. These new organisms are
unicellular prokaryotes that scientists named archaea (ar KEE uh). Sub-
sequent biochemical studies found that archaea are significantly differ-
ent from the only other prokaryotes then known—the bacteria—and, in
1990, they were renamed and a new classification scheme was pro-
posed to accommodate them. Archaea are now members of their own
domain.

1y ag%@r@@

= Bacreria, members of Domain and King-
dom Bacreria, are prokaryotes whose cell walls contain peptidoglycan
(pep tih doh GLY kan). Peptidoglycan is a polymer that contains two
kinds of sugars that alternare in the chain. The amino acids of one
sugar are linked to the amino acids in other chains, creating a netlike
structure that is simple and porous, vet strong. Two examples of bacte-
ria are shown in Figuve 44,

Anaboend
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= Bigusre 48 This electron microscope image
of Stophylothermus marinus shows the cefl wall
{green} and cell contents {pink).

5. marinus is an extremophile found in deep
ocean tharmal venis.

Bacteria are a diverse group that can survive in many different
environments. Some are aerobic organisms that need oxygen to sur-
vive, while others are anaerobic organisms that die in the presence of
oxygen. Some bacteria are autotrophic and produce their own food,
but most are heterotrophic and get their nutrition from other organ-
isms. Bacteria are more abundant than any other organism. There are
probably more bacteria in your body than there are people in the
worid. You can view some different types of bacteria in Minitab 2.

VOCABULA

rehiacs

amain

Archaea i Archaea (ar KEE uh), the species classified in Domain Archaea, are
comes from the Greek word Co

archaios, meaning ancient or
primitive .

thought to be more ancient than bacteria and yet more closely relared
to eukaryote ancestors. Their cell walls do not contain peptidoglycan,
and they have some of the same proteins that eukaryotes do. They are
diverse in shape and nutrition requirements. Some are autotrophic,
but most are heterotrophic. Archaea are called extremophiles because
they can live in extreme environments. They have been found in boil-
ing hot springs, salty lakes, thermal vents on the oceans’ floors, and in
the mud of marshes where there is no oxygen. The archaea
Staphylothermus marinus, shown in Figure 18, is found in deep ocean
thermal vents and can live in water temperatures up to 98°C.

Minil.ab

- Compar

How do the physical characteristics of various types of bacteria compare? Investigate the
different features of bacteria by viewing prepared bacteria shides under the microscope.

Procedure o B8 bzu B
’E Read and complete ihe lab safety form.
2. Observe the prepared slides of bacteria with a compound light microscope.
3. Create a data table to compare the shapes and features of the bacteria you observe,
4. Compare and contrast the bacteria from the prepared slides. Record your observations and
comparisons in your data table.
Analysis
1. Compare and contrast the shapes of the individual bacteria cells that you observed.
2. Describe whether any of your bacteria samples formed colonies. What does a celony look like?
3. Design a classification system for the bacteria that you observed based on the collected data.

Wolfaana Bavmeister/Photo Researchers
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LI Magnification: 80X

Kelp

omain Bukarya

Cells with a membrane-bound nucleus and other membrane-
bound organelles are called eukaryotic celis. All organisms with
these cells are called eukaryores and are classified in Domain
Eukarya. Domain Eukarya contains Kingdom Protista, Kingdom
Fungi, Kingdom Plantae, and Kingdom Animalia.

Kingdom Protista The wide variety of species shown in Figure 16
belong to Kingdom Protista. Members of Kingdom Protista are called
protists. Protists are eukaryortic organisms that can be unicellular,
colonial, or multicellular. Unlike plants or animals, protists do not
have organs. Though protists are not necessarily similar to each other,
they do not fit in any other kingdoms. They are classified into three
broad groups.

The plantlike protists are called algae. All algae, such as kelp, are
autotrophs that perform photosynthesis. Animal-like protists are
called protozoans. Protozoans, such as amoebas, are heterotrophs.
Funguslike protists include slime molds and mildews, and they
comprise the third group of protists. Fuglenoids (yoo GLEE noyds)
are a type of protist that has both plantlike and animal-like charac-
teristics. They usually are grouped with the planclike protists
because they have chloroplasts and can perform photosynthesis.

Kingdom Fungl A fungus is a unicellular or mukicellular eukaryore
that absorbs nutrients from organic marerials in its enviranrent.
Members of Kingdom Fungi are heterotrophic, lack motility—the abil-
ity to move-and have cell walls. Their cell walls contain a substance
called chitin (KT run)-a rigid polymer thar provides structural Support.
A fungus consists of a mass of threadiike filaments called hyphae

(HI fee). Hyphae are threadlike fifaments that are responsible for the
fungus’s growth, feeding, and reproduction. Fungi fossils exist that are
over 400 million years old, and there are more than 70,000 known
species.

Slime mold

+ Figure 18 These protists look different, but
they all are eukaryotes, live in moist environ-
menis, and do not have organs.

Infer which of these protists are plani-
like, animal-lile, or funguslike.

| i BrainP(p

incorporate information
from this section into
your Foldable.
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- Figuwre 7 Fungi come in a variety of sizes,
from microscopic yeasts to multicellular forms,
such as the mushrooms shown here.

SEM Magnification:
5

Kingdom Characteristics

TEM Magnification:

Fungi, such as the mushrooms in Eigure 47, are heterotrophic
organisms. Some fungi are parasites—organisms thar grow and feed on
other organisms. Other fungi are saprobes—organisims that get their
nourishment from dead or decaying crganic matter. Unlike hetero-
trophs that digest their food internally, fungi secrete digestive
enzymes into their food source and then absorb digested marerials
directly into their cells. Fungi that live in a murualistic relationship
with algae are called lichens. Lichens get their food from the algae that
live arong their hyphae.

Kingdom Plantae There are more than 250,000 species of plants in
Kingdom Plantae (PLAN tuh). These organisms form the base of all
terrestrial habitats. Al plants are multicellular and have cell walls
composed of cellulose. Most plants contain chloroplasts, where pho-
tosynthesis is carried out, but a few plants are heterotrophic. For
example, the parasitic dodder plant has no green parts and extracts
its food from host plants through suckers.

All plants possess cells that are organized into tissues, and many
plants also possess organs such as roots, stetns, and leaves. Like the
fungi, plants lack motility. However, some plants do have reproductive
cells thar have flagella, which propel them through water. The charac-
teristics of plants and members of the other five kingdoms are
summarized in Tabie 3.

Beading Check Describe three characterisiics of plants.

Interactive Tahble

Bacteria Archaea Fukarya
Racteria Archaea Protista Fungi Plantae Animalia
Pseudomonas Methanopyrus Paromecium Mushroom Moss Earthworm

LM Magnification:

B0 25,000x 150

Prokaryote Eukaryote
Cell walls with Cell walls Cell walis with Cell walis with Celt walls with No cell walls
peptidoglycan without cellulose in some chitin cellulose

peptidoglycan
Unicellular Unicellular and Most Multiceliular
multicellular multicellular
Autotroph or heterotroph Heterotroph Autotroph Heterotroph
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Bablit

Coral
« Pigure 98 Members of Kingdom Animalia
can look very different from each other, even

Kingdem Animalia Members of Kingdom Animalia are commonly 1 though they are in the same kingdom.

called animals. More than one million animal species have been iden-

tified. All animals are heterotrophic, multicellular eukaryotes. Animal
cells do not have cell walls. All anima] cells are organized into tissues,
and most tissues are organized into organs, such as skin, a scomach,
and a brain. Animal organs often are organized into complex organ
systerns, like digestive, circulatory, or nervous systems. Animals range
in size from a few millimeters to many meters. They live in the water,
on land, and in the air. Figure 18 shows some of the variety of organ-
isms classified in Kingdom Animalia. Most animals are motile,
although some, such as coral, lack morility as adults.

Wiruses—an exception Have you ever experienced a cold or the fiw
i 50, you have had a close encounter with a virus., A virus is a nucieic
acid surrounded by a protein coat. Viruses do not possess cells, nor are
they cells, and are not considered to be living. Because they are nonliv-
ing, they usually are not placed in the biological classificarion systern.

Section

Linderstand Main ideas
State the three domains and the kingdoms in each.

Sagtion Sumimary

@ Comains Bacteria and Archaea contain pro-

karyotes. 2. Compare and cortrast characteristics of the three domains.

& Organisms are classified at the kingdom
level based on cell type, structures, and
nutrition.

3. Explain the difference between Kingdom Protista and Kingdom Fungl.

L N R

&, Classify to the kingdom level an organism that has organ systems, lacks cell
walls, and ingests feod.
Think Critically

5. Summarize the reasons why systematists separated Domain Bacieria from
Domain Archaea.

& Domain Eukerya contains four kingdoms of
eukaryotes,

a0 s o8 &

& Because viruses are not living, they are
not included in the biological classification
system.

T

‘, Rinlogy
6. Write an essay for or against including viruses in the biological classification
system.

« 00 a
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DA UPC Paul Herbert, & geneticist at the University
of Guelphin Ontario, Canada, is trying to gather cell sam-
nles from ali of the world’s organisms. With smal! pieces of
tisstie no larger than the head of a pin, Herbert and his
international colleagues are working to assign DNA bar
codes 1o every living species.

Herbert has shown that the segment of mitochondrial
DNA, called cytochreme ¢ oxidase |, or COI, can be used
as a diagnostic tool to tell animal species apart. The COI
gene is simple to isolate and allows for identification of an
animal. A different gene would need to be used for plants.
Just like UPC codes, the DNA segment sequence could be
stored in a master database that would allow for easy
access to the material. A hand scanner, when supplied with
a small piece of tissue, such as a scale, a hair, or a feather,
could identify the species afmost instantly.

Potential benefits This technology has several
potential benefits. A doctor might use it to pinpoint
disease-causing organisms quickly to prevent epidemics or
to determine what antivenom to give a snakebite victim.
Health inspectors could scan foods for plant and animal con-
taminants. People who are curious about their surroundings
could learn what lives around them. Farmers would be able
{o identify pests and use species-specific methods for their
removal.

804 Chapter 17 « Organizing Life's Diversity :
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This representation of DNA barcodes shows that more closely related
species would have more similar barcodes.

A new way to classify Using bioinformatics—

a field of science in which biology, computer science, and
information technology merge—to create a database

of DNA barcedes allows taxonomisis to classify more
organisms guickly.

Currently, taxonomists have identified approximately

1.75 million species. Scientists estimate that anywhere
between 10 and 100 million species exist. Historically, spe-
cies have been classified using morpholegy, geretics, phy-
legeny, habitat, and behavior. While the bar codes would
not replace classic taxonomic methods, they could supple-
ment them by giving scientists another tool fo use.

E-COMMUNICATION

Fact Finder Think of at least three guestions you have
about DNA bar coding. Research to find answers to your
guestions. Then, share your questions and answers with
your class by e-mailing them to your teacher.

R

WebQuest



{t, b) Ryan Mcvay/Getty fmages, {c) Chad Baker/Getty [mages

HOW CAN ORGANISMS BE GROUPED ON A CLADOGRAM?

sackaground: When a cladogram is made,
derived characters are used te divide the
organisms inte groups called clades. in this
exercise, you will use simulated data to learn
how to make a simple cladogram and then
make your own cladogram.

GQuestisn: How can you use organisms’
characteristics o consiruct o cladogram?

Materfals

paper and pencil

exampiles of cladograms

photographs of various organisms

books describing characteristics of
organisms

Procedure

1. Read and complete the lab safety form.

2. Examine the data table provided.

3. Compare the shared derived character-
istics of the sample organisms. Assume
that all the characreristics of your out-
group are ancestral. To make the data
easier to compare, note that a *0” has
been assigned to each ancestral charac-
ter and a *1” o all derived characrers.

4. Use the information to develop a clado-
gram that best shows the reiaricnships
of the organisms.

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

6. Choose four organisms from one of the
domains you have studied that you
believe are closely related.

7. Develop a table of derived characteris-
tics of these organisms similar to the
table you used in Step 2. Use your
table to develop a cladogram thar
groups the organisins based on their
shared derived characters.

1 2 3 4

A b{1) a(0) a(0) b1}
B bl B b a0
a(0) b(1) &{0}

C bi1)

Data obtained from: Lipscomb, D.1998. Basics of cIaﬁislic analysis.
George Washington University.
Attp:/fwww.gwu.edu/~clade/facultyflipscomby/Cladistics.pdf

Analyze and Conclude

1. Think Critically How did vou deter-
mine which were the ancestral and
which were the derived characters of
the organisms you examined?

2. Explain how you determined which
characteristics to use 1o separate the
clades.

3. Explain which organism is the out-
group on your cladogram. Why?

4. Critique Trade data tables with
another lab group. Use their data to
draw a cladogram. Compare the two
cladograrmns and explain any differences.

5. Error Amalysis What type of etror
would mistaking analogous structures as
homolegous introduce into a cladogram?
Examine your second cladogram and
determine if you have macde this error.

APPLY YOUR SHILL

Construct Molecular dara, such as the amino
acid sequences of shared proteins, can be used
to make cladegrains. Research cyrochrome ¢, a
protein important in aerobic respiration, and
decide how it could be used to construct a
cladogram.
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Evolution underlies the classification of life’s diversity.

classification {p. 484
faxonomy (p. 485}
binomial nomenclature {p. 485}
taxon {p. 487)

genus (p. 487)

family (p. 487}

order (p. 438}

class {p. 488)

phylum {p. 488}
division {p. 488}
kingdom {p. 488)
domain {p. 488)

Biologists use a system of classification to organize
informai‘lon about the diversity of tiving things.

« Aristotle developed the first widely accepred biological classification
systermn.

= Linnaeus used morphology and behavior to classify plants and animals.

» Binomial nomenclature uses the Latin genus and species to give an
organism a scientific name.

» Organisms are classified according to a nested hierarchical system.

phylogeny (p. 491)
character (p. 492}
molecular clock (p. 495)
cladistics {p. 495)
cladogram {p. 496}

: Classification systems have changed over time as information
has increased.

» The definition of species has changed over time.

» Phylogeny is the inferred evolutionary history of a species, evidence
for which comes from a varjety of studies.

= A molecular clock uses comparisons of DNA sequences to estimate
phylogeny and rate of evolutionary change.

« Cladistic analysis models evolutionary refationships based on
sequencing derived characters.

archaea (p. 300}
protist {p. 501)
fungus {p. 501)

. The most widely used biolegical classification system has six
kmgdoms within three domains.

» Domains Bacteria and Archaea contain prokaryotes.

= Organisms are classified at the kingdom level based on cell type,
structures, and nuwition

« Domain Eukarya conrtains four kingdoms of eukaryotes.

= Because viruses are not living, they are not included in the biological
classification system.

BO8 Chapter 17 - Study Guide
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Section 1 B Constructed Response

. 7. | Bxplain the rules and
Vocabulary Review
uses of binomial nomenclature.
Match each definition with the correcr term from the _
Srudy Guide page . 8. Short Answer Why is seahorse not a good
) _ _ : scientific name?
1. system of naming species using two words _
2. taxon of closely related species that share a Think Critically
recent Ccommon dncestor oo How does the system of classification

3. branch of biology that groups and names species : relate to the diversity of species?

4.

Use the table to answer questions 5 and 6.

based on studies of their different characteristics

Understand Main ldeas Saction g —

Oun what did Linnaeus base his classification?
A. derived characrers

B. binemial nomenclature : )
€. morphology and habirat . Differentiate between the following pairs.

D. evolutionary relationship : 10, phylogeny, character

Vocabulary Review

11. cladogram, molecular clock

Understand Main ldeas

Arimalia  Animalia  Animalia  Animalia i Use the figure below to answer questions 12 and 13.

Chordata Chordata Chordata Chordata

Ancestral

Mammalia Mammalia  Mammakz  Mammalia gene

Cetacea Carnivora  Carnivora Carnivora Time

Mysticeti  Felidee  Canidse  Canidae ¢ : -

Balenopora Felis Canis Canis e
B. physalis  F catus C. lotrans C. lupus

Comestic :
Biue whale t Coyote Wolf = New
ca :

5.

Which animal is the most distant relative to the

others? Species 1
A, wolf
B. coyore © 12. Whar does this figure represent?
€. domestic cat A. pedigree C. meolecular clock
D, blue whale : B. cladogram D. phylogeneric tree
- At which level does the domestic cat diverge © 13. What do the colored bands in the figure repre-
from the coyote? : sent?
A family C. order A. mutations C. ancestral characrers
B. class D. genus : B. derived characters D. genomes

Online Test Practice Chapter 17 « Assessment  BOY



14. Which species concept defines a species as a
group of organisms thar are able to reproduce
successfully in the wild?

A. typological species concept
B. biclogical species concept
C. evoluticnary species concept
D. phylogenertic species concept
Use the figure below to answer questions 15 and 16.

Rirds

15. According to the figure, which organism diverged
last?
A. alligators
B. birds
C. crocodiles
. dinosaurs

16. Which is represented by the figure?
A. pedigree
B. cladogram
C. molecular clock
D. character

17. Which does not affect the rate of mutation in a
molecular clock?
A. type of mutation
B. location of gene in genome
C. the protein affected
0. the time of divergence

Constructed Response

18. Open Ended Two scientists produce two dif-
ferenrt cladograms for the same groups of organ-
isms. Explain how the differences are possible.

19. Short Answer Describe how to make a clado-
gram. Include the types cf characters thart are
used and the judgments you must make about
the characters.

508 Chapter 17 - Assessment

20. Short Answer Summarize how biochemical
characters can be used to determine phylogeny.

Think Gritically

21, 000 4R Differentiare between the typological
species concept and the phylogenetic species
concept.

22. Decide How should molecular clocks be used
if not ail murations occur ar the same rate?
Should they be considered reliable evidence of
phyiogeny? Explain your answer.

Use the figure below to answer question 23.

23. Evaluate evidence thar suggests thar the two
organisms in the figure are closely related.

Cection 2 N

VYocahulary Review

Replace the italicized words with the correct vocabu-
lary terms from the Study Guide page.

24. Algae are a type of archaea.

25. Bacteria are called extremophiles because they
grow in exireme environments.

26. Some types of protists are used to make food
products like bread and cheese.

Understand Main Ideas

27. Which taxon contains one or more kingdoms?
A. genus C. family
B. phylum D. domain

28. In which kingdom would prokaryotes found
living in acid runoff likely be classified?
A. Bacteria C. Fungi
B. Archaea D. Protista

Online Test Practice
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Use the photograph below to answer question 29.

29. In which kingdom would this organism, which
has chloropiasts, cell walls, but no crgans, be
classified?

A, Plantae
B. Animalia

C. Protista
D. Fungi

30. Which substance would most likely be in the
cell walls of an arganism with chloroplasts and

tissues?
A. peptdoglycan C. hyphae
B. chitin D. celluiose

Constructed Response

31, L Indicate the relationship between
domains and kingdoms.

32. Short Answer Predict in which domain a
taxonomist would place a newly discovered
photosynthetic organism thar has cells with-
out membrane-bound organelles and no pepti-
doglycan.

33. Open Ended Write an argument for or
against including Bacteria and Archaea in the
same domain. How would this affect the phy-
logenetic tree of life?

Think Critically

34. Analyze Using the model in Figure 12,
decide which three of the kingdoms in
Domain Eukarya evolved from the fourth.

4

.3,

e
-xvz&
st

35, AR LAY A Dbiologist studied
two groups of frogs in the laboratory. The groups
looked identical and produced fertile offspring
when interbred. However, in nature, they do not
interbreed because their reproductive calls are
different and their territories do nort overlap. Use
your knowledge of species concepts and specia-
tion to decicle why they should or should not be
placed in the same species.

Online Test Practice

Sumimative Bssessment

I{TET Life on Farth was organized by
Aristotle into three categories. Why has the
classification system become so complex
since Aristotle’s time?

36.

37. Draw a cladogram or phylogenetic tree that
displays the order of evolution of the six
kingdomis. Explain the reasoning for your
interpretation.

»Sislogy Suppose you found a
cricket near your home. After a biologist
from a local university studies your find, you
learn thart the cricket is a new species. Write
a paragraph to explain how the biologist
might have determined that the cricket is a
new species.

j Document-Based Questions

Data abtained from: Blaxter, . 2001 Sum ofthe anhraped parts. Science 413121122,
Sclentists continue to debate about evolurionary
relationships among organisms. Groups of arthro-
pods were thought to be related in the way shown
on the left, bur new molecular evidence suggests
that the grouping on the right is more accurate.

Giribet et al. Hwang et af,

= Insects E
< (rustaceans -

Centipedes -

Arthropod
ancestoy

Arthropod ==
ancestor

Spiders  _
P Sag Spidars - meemm—"

39. Compare and contrast the two cladograms.
How did the molecular evidence change the
relationship between centipedes and spiders:

40. To which group are crustaceans most closely
related?

41. Which group in the cladogram appears to be
the most ancestral
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Cumulative

1. Which data shows that Neanderthals are not the

ancestors of modern humans?
A. Cifferences in Neanderthal and human DNA
B. evidence from Neanderthal burial grounds

C. muscular build of Neanderthals, as compared

o humans
ID. patterns of Neanderthal extinction

5. According to the Hardy-Weinberg principle,

which situarion would disrupt genetic equilib-

rium?

A. A large population of deer inhabits a forest
region.

B. A particular population of flies mates ran-
domly.

C. A population of flowering plants always has
the same group of natural predators.

D. A small population of birds colonizes a new
island.

Use the illustrarion below to answer questions 2 and 3.

Use the diagram below to answer question 6.

= Lagomorphans
= Tubulidentatans

= Artiodactylans
= Perissodactylans

= Proboscideans

v
£ 2
£ 3
=
= 5
£ o
@ o=
= G
@ L
>oa.

- amivorans
™ Scandentians
= Chiropterans
= Rodentians
= _elaceans
= Hyracoideans
= Sirenians

= Erinacomorphans

= Tenrecoideans
== Lenticidans

"= Soricoldeans
= Maaoscelidians

= Dermopterans

Animal Cell

N

According to the cladogram of mammals, which
two groups of animals have a more recent com-
mon ancestor . .

_ , 6. Which labeled structure contains the cell’s
A. carnivorans and chiropterans . .

: : genetic information?

B. cetaceans and hyracoideans : AL
C. dermopterans and carnivorans : )

B. 2

3. rodentians and lagomorphans C. 3

i i D4
3. Which mammal is most closely related to bats
hiropt ?
S 11ropt§rans) 7. Which structure is a vestigial structure?
A. carnivorans )
X A. human appendix
B. xenarthrans
. B. deer horns
. primates .
] . C. multiple cow stomachs

3. rodentians _

. snake tail
4. Which racioactive isotope would be used to : 8. According to the endosymbiont theory, which

determine the specific age of a Paleczoic rock for- part of the eukaryotic cell evolved from a pro-

mation? 5 karyoric cell?

A. Beryllium-10 (1.5 million years) g A. chloroplast

B. Carbon-14 (57}.5 yeaTS) B. go}g{ apparatus

C. Thorium-232 (14 billion years) § C. nucleus

D. Uranium-235 (704 million vears) : D. ribosome
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1.

11.

12.

i3.

14.

15.

. List three primate adaptations found in humans,

and explain how each one relates to a tree-
dwelling habirar,

Assess how molecular clocks are useful in inves-
tigating phylogeny in ways thar morphological
characreristics are nor.

In terms of their evolution, how are homologous
structures and analogous structures different?

Assess the advantage of bipedalism.

Infer why Aristotle only used two kingdoms to
classify living things.

Assess the significance of the discovery of the
Lucy fossil.

Contrast ore of the characteristics of living
things with the characteristics of nonliving
things such as rocks.

Use the figure below to answer question 16.

16.

0.1% Third-level
consumers

Energy lost g9,
as heat

Primary
" -consumers

100%

Primary
A raducers
é’rd;,}e P

N
@5:016 ’?O/G’

How much energy from one trophic level is
available to organisms ar the next higher trophic
level?

17.

18.

19,

How could a muragen cause a change in the pro-
tein for which a DNA strand is coding? Trace the
effect of a specific mutation through the process
of protein synthesis.

Assess the value of the binomial system of nam-
ing organisms.

Name two animals that you would expect to
have similar chromosomal characters. Design an
experiment to test whether they are similar.

Scientists often use multiple types and scurces
of data in order to determine when different
groups of organisms evolved. Taken together,
the data can help construct an evolutionary
history.

Using the information in the paragraph ahove, answer
the following gquestion in essay format.

20. Whar kind of evidence could help scientists

determine whether bacteria or archaea evolved
earlier on Earth? Write an essay thart justifies
what specific kinds of data would need to be
collected to make this judgment.

2 3 4 5 3] 7 8 g (1w N |23 |M¥|5B |15 (1711811920
2372140 1153 1162|152 |1142( 161 | 72 |1s2 |62 171 |62 1 | 22 {123 171 1172 1;23
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