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1-3: How can natural and artificial selection
I Influence changes in populations?



Key Vocabulary

Mutation

Frameshift mutafion
* Insertion mutation
» Deletfion mutation
Point mutation
+ Silent mutation
* Missense mutation

« Nonsense mutation
Selective advantage
Natural selection

Population

Individuals
Adaptation
Species

Speciation
Adaptive radiation
Extinction
Mutagen
Carcinogen
Artificial selection

Monoculture



Topic 1.3: How can natural and artificial
selection influence changes in populations?

 DNA mutations produce genetic
diversity within a population.

 Natural selection favours traits that
make an organism better suited to
ITs environment.

 Natural selection can lead to the
formation of new species.

- Environmental factors can cause
mutations.

« Humans select desired
characterisfics in organisms to be
passed on o the next generation.




Concept 1: DNA mutations produce
genetic diversity within a population.

« Variety exists within
the same species
because of genes.

Figure 1.21: The kittens in this litter have different fur
colour and patterns, partly because each kitten inherited
a different combination of alleles from its parents.



Concept 1: DNA mutations produce genetic diversity within a population.

Mutations

* Mutations are a source of genetic variation.
* Mutations: a permanent change in the genetic
material of an organism
« Can occur during DNA replication.

« Some mutations can be harmful and can cause a cell
to die, malfunction, or multiply uncontrollably.

« Some mutations can be beneficial, while others have no
effect.




Concept 1: DNA mutations produce genetic diversity within a population.

Mutations

Types of mutations (see worksheet for details)

 Frameshift
* |nsertion

 Deletion

« Point Mutation (substitution)
« Silent

e Missense
« Nonsense




Concept 1: DNA mutations produce genetic diversity within a population.

Discussion Questions

1. Whatis a mutatione Are all mutations harmful?e
Explain.

2/ Explain why mutations are the starting point for
genetic variation.




Concept 2: Natural selection favours traits
that make an organism better suited to its
environment.

« Some mutations may provide a selective
advantage in changing conditions.

» Selective advantage: a genetic advantage
that improves an organism’s chance of
survival*, usually in a changing environment

* Compared to other organisms in the same
population



Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Selective Pressure

« Adaptation: structural or behavioural feature or
physiological process that improves the organism’s
chance of surviving in its environment to
reproduce

Organisms that have an advantageous mutation
may survive better in a changing environment.




Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Natural Selection

* Natural selection: the process by which
characteristics of a population change over many
generations as organisms with heritable traifs

rvive and reproduce, passing their traifs to
offspring




Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Evolution by Natural Selection

3 Steps:
1. Variation exists in population

2. Environment exerts selective pressures on
population, favours some variants over others.
These variants have a higher rate of survival and
reproduction, and their genes are more heavily

represented in the next generation.

. Over time, the population evolves: the frequency
of traits changes.



Concept 2: Natural selection favours traits that make an organism better suited to its environment.

3 Steps:
1. Variation exists in population




Concept 2: Natural selection favours traits that make an organism better suited to its environment.

13 Evolution by Natural Selection

2 Environment exerts selective
pressures on population,
favours some variants over
others. These variants have a
higher rate of survival and
reproduction, and their
genes are more heavily
represented in the next
generation.




Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Evolution by Natural Selection

3. Over time, the population evolves: the frequency
of traits changes.
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Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Natural Selection Acts on Populations

 The environment exerts selective pressures that
result from predators, parasites, and competition
for imited resources.

ver time, the population changes because
Individuals with favourable characteristics survive
and reproduce.




Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Natural Selection Is Situational

 Natural selection is situational.

« A frait that may be a disadvantage to an
individual at one time may be advantageous to ifs
urvival later.

» Alleles for this trait will be passed on to the next
generation to the offspring.



Concept 2: Natural selection favours traits that make an organism better suited to its environment.

Discussion Questions

Why does geneftic variation make it possible for
changes in populations to occur through natural
selectione Explain your answer.

1.

. Using the example shown in Figure 1.23, make a
graphic organizer to show the steps by which
natural selection favours a population of plants to
grow in a shady environment.



Concept 3: Natural selection can lead to the formation of new species.

Concept 3: Natural selection can lead to
the formation of new species.

» |Individuals of the same species can interbreed to
produce fertile offspring.

« Sometimes members of a population change so
much that they are no longer able to produce
fertile offspring with members of the original

population.

 This leads to speciation, where new species are
formed.




Concept 3: Natural selection can lead to the formation of new species.
One Type of Speciation: Adaptive Radiation

« Geographic barriers can isolate a population,
resulfing in new species that are unable to
iInterbreed.

« Examples of geographic barriers include a glacier,
a lava flow, and an island.

Sciurus
aberti

Sciurus
kaibabensis

iy




Concept 3: Natural selection can lead to the formation of new species.
One Type of Speciation: Adaptive Radiation

Adaptive radiation: the diversification of a

differently adapted species

 Finches on the @
G @ | d p d g OS |S | an d S large cactus ﬁmh@ sharp-beaked ground finch cactu finch

have different beak @ MZ'?JE;;a Genovess e

large ground finch

sha PES due to their >’f~-\"\:‘ Santiago %;a:;vmour @~
d |\/e rse d |e -I- S. i Fernandina’, "n 4 Santa Cruz warbler finch

Santa Fé
round finch
= 'sabeual Cp
W: N PanOJn\ San Crlstobal woodpackes e

small ground finch Floreana Espanola
Figure 1.25: One common example of new species forming from a @ i
common ancestor are finches on the Galapagos Islands. The vegetarian { og mangrove finch
Galapagos Islands are located on the equator in the Pacific Ocean.  tree finch @
The islands are volcanic in origin and contain a number of large tree finch medium tree finch small tree finch

ecosystems, ranging from dry and desert-like to humid forests.
Notice the difference in the shape and size of the birds’ beaks.



Concept 3: Natural selection can lead to the formation of new species.
Adaptive Radiation (Another Example)

« Tortoises on the Galapagos Islands are all different
due to mutations, natural selection, and adapftive
radiation.

Mutations occur

Figure 1.26: This figure illustrates how the
various factors interact to form a new species.




Concept 3: Natural selection can lead to the formation of new species.

Extinction and Selective Pressure

« Extinction: occurs when a species completely
disappears from Earth
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Concept 3: Natural selection can lead to the formation of new species.

Discussion Questions

. What is adapftive radiatione

. Explain why it would have been possible for an
ancestral finch species, having arrived on one of
the Galapagos Islands, to have diversified and
evolved into other species over fime.

. How is extinction related to selective pressuree



Concept 4: Environmental factors can cause mutations.

Concept 4: Environmental factors can
cause mutations.

» Mutations are important to natural selection and
speciation.

utations provide genetic variation.

Mutagen: a substance or event that increases the
rate of mutation

Physical mutagens cause physical changes in the
DNA (i.e., X-rays and UV radiation).

Chemical mutagens can chemically react with
DNA (i.e., nitrites and gas fumes).

Not testable: physical vs chemical mutagens




Concept 4: Environmental factors can cause mutations.

Carcinogens

« Carcinogen: a substance
or agent that causes
cancer

¢ SOmMme mutagens are
carcinogenic.

« Examples include UV
radiation, cigarette smoke.

« Wearing sunscreen, a hat,

and sunglasses can reduce Figure 1.29: Applying sunscreen before going
out in the sun can help reduce a person’s
fhe eXposure fo UV exposure to ultraviolet radiation.

radiation.




Concept 4: Environmental factors can cause mutations.

Discussion Questions

1. What is a mutagene

. Explain how mutagens and the production of
proteins are related.




Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

Concept 5: Humans
select desired
characteristics In
organisms to be
passed on to the next
/deneration.

Nk Surbacker
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record-is-that® a®-for-cows
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Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

Concept 5: Humans
select desired
characteristics In
organisms to be
passed on to the next
eneration.




Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

What do you think the sausage dog was

selectively bred for?

Huntinglions
Guard dog

For aristocracy to rest their feet on

>
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Chasing rabbits down their holes




Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.
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Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

Concept 5: Humans select desired characteristics
in organisms to be passed on to the next
generation.

 Ariificial selection: selective pressure exerted by
umans on populations in order to improve or
modify desirable traits

« Humans breed cows that produce more milk,
chickens that produce large numbers of eggs,
and pigs with large muscles for meat.



Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

Artificial Selection and Food Crops

« Humans breed crops to resists drought, disease, and
INnsect infestations.

« Through selective K ¢
breeding, the wild )

tard plantisused /. /]

tg produce six other ; \

lants.

Figure 1.31: These six agricultural plants look very

different from each other, but they carry much of the Straln [ Kohirabl Cabbage Caulﬁowet'
same genetic material as the wild mustard plant. The dodteivan Il lFlowerbudsJ Lateral \ Terminal | |

) . fied Leaves Flower buds |
differences affect the formation of flowers, buds, stems, \ l | _andstem | leafbuds | leafbud |

and leaves.



Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

Consequences of Artificial Selection

« Some selectively bred animals have health
problems (i.e., English bulldogs have respiratory
problems and German shepherds have hip
roblems).

¢ Selectively bred plants lack genetic diversity
because they are all similar.

* Monoculture: repeated planfing of the same
varieties of a species over large expanses
of land

« Decreased diversity =2 potential effectse



Concept 5: Humans select desired characteristics in organisms to be passed on to the next generation.

Discussion Questions

1. What is artificial selection?¢

What are some benefits and risks associated with
artificial selection of agricultural crops?




Topic 1.3: How can natural and artificial
selection influence changes in populations?

DNA mutations produce genetic
diversity within a population.

 Naftural selection favours traits that
make an organism better suited to
Ifs enwvironment.

ural selection can lead to the
mation of new species.

nvironmental factors can cause
utations.

Humans select desired
haracteristics in organisms to be
assed on to the next generation.




How can natural and
artificial selection influence

changes in populations? Starting Points

Choose one, some, or all of the fo
exploration of this Topic.

llowing to start your

Key Concepts

T)wu- are thousands of species of birds on Earth. Some, such ag
the Steller's jay shown here, have beaks that enable them to open

S I P the hardest seeds and nuts. Others eat fish, like the belted kingfisher L :3::::[':‘"? Preconceptions Explain to a partner how the
el ., etic diversity withir shown below. Some hirds eat insects, some eat rodents and other Speciesgofeor:n::[e related, and d’@cuss your ideas: organism,
pop n . small animals. some eal seeds, and some feed on the nectar from s wgh “I;:ﬂcsl,az;nd populations of organisms. Compare
o Natural sélaction favours flowers, Why are there so many variations in birds, and why are there " 5. 64 Frake GAite B TR T

- Inferring Can you spot the peppered moth in the photo below?
BFrds are more likely to prey on moths that are easier to see.
Light-coloured moths are harder to detect on tree trunks
covered with white lichen. In mid 19th century England, soot
from industrial pollution covered the trees. The once rare, dark-
coloured form of the moths became
predominant. When the air became
cleaner in the 1970s, the light-
coloured form of the moths became
more common again. How could you
explain how the colour of the moths
in the population changed over time?

&l make ai so many different kinds of beaks? In this Topic, you will learn aboyy
ter suited the relationship between different adaptations of an organism, such
| b . as a bird's beak. and the organism’s environment.

w

. Considering First Peoples Perspectives The original North
American horse became extinct 10 000 years agoe, After the
Spanish brought them back to the Americas in the 1400s, horses
became essential to the way of life for many Indigenous groups.
They became experts not only in raising and riding horses, but
also in using selective breeding to develop unique breeds. Find
out which modern breeds of horses owe their existence to
First Peoples knowledge of selective breeding. 2

Curricular
Competencies

* Experience

interpret the Jocal

environment

* Contribute to care
for self, others,
community, and world

* Contribute to finding

‘ erms
Soiutions 1o problems. Key :

There are 10 key terms that are highlighted in bold type in this Topic:

o mutation « selective advantage ® natural selection

o adaptation e adaptive radiation ¢ extinction  * mutagen

« carcinogen ¢ artificial selection  ® monoculture

Flip through the pages of this Topic to find these terms. Add them to
your class Word Wall along with their meaning, Add other terms that
you think are important and wantto remember.

il 5 4

;.,a..) ‘ﬂ..‘ Wyl
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change in the genetic
of an organism; &
new genetic v

a different combination
alleles from its parents,

CONCEPT 1

DNA mutations produce genetic
diversity within a population.

mutation a permanent

Figure 1.21 The kittens in
this litter have different fur
colour and patterns, partly
because each kitten inherited

Activity

Getting a Message Through , L
Form a line of at least eight people. Your teacher will whisper a message to the

first person in line. Whisper-share this message from person to person, and hw_é_
the last person say it out loud. Did the message change in any way? Keep this
experience in mind as you discuss how changes in DNA from one generatlon to
the next might affect an organism and a population of these organisms over time,

ou and vour classmates are all the same species, but there is a great

deal of \-'uriexy among the individual members of your species, Thig:
variation is the result of genes. Offspring have a combination ofgene‘»
material from both biological parents. Through sexual reproduction,
parents pass on genes to their offspring. How does genetic variation ac
inaspecies or population? Why does genetic variation happen at all2
Mutations are changes in the DNA of an organism. Mutations provide ney
alleles and are a source of new genetic variation when inherited,

Mutations happen continuously in the DNA of any living organism,
They can oceur spontaneously when DNA is copied before a cell divides
Mutations may also result from environmental agents such as ultraviolt

material

radiation.
When there is a mutation in the DNA, a cell may exhibit new

characteristics. Mutations that significantly alter DNA can be harmful
example, a cell could die, malfunction, or multiply more than it should.

and some mutations can be beneficial.

Whatever the result, if the mutation occurs in a somatic (body) cell,
the mutation disappears from the population when the organism dies.
However, if the mutation alters the DNA in a gamete, the mutation ma
be passed on to succeeding generations as a new allele. For example, if

mutations could be passed on to their offspring. These mutations wer
of present in their parents’ DNA. Thus, mutations are the starting p
- genetic variation in populations.

Before you leave this page...

However, not all mutations are harmful. Many mutations have no effe

the kittens in Figure 1.21 have mutations in their egg or sperm cells, thes

CONCEPT 2

Activity
What are the advantages?

each organism has that give |t
Share your ideas with otl

M utations tlhat were once ng advamage. oreven a disadvantage, may
‘becomellavourahle i achanging environment. In this situation. the
mutation provides a selective advantage. A selective advanta;ge isa ger;etir
advantage of one organism Overits competitors, Over time, a selective :
advantage enables the organism to be favoured in terms of’survival and
rraduction. In other words, o selective advantage helps an organism
rvive changing environmental conditions and reproduce.

ural Selection

«al selection is the process that results when the characteristics of a
lation of organisms change over many generations. This change, or
tion, happens because individuais with certain inherited traits are
successful in specific local environmental conditions and., as a result,

v pass on their alleles to the next generation through reproduction. For

al selection to oceur, there must be genetic diversity, or variation,

I
NEr;

within a species.

Selective Pressure
Staphylococeus aureus, shown in Figure 1.22, is a common bacterium
that cz.m affect human health by causing infections. Each individual
bacterium reproduces asexually very quickly. Such rgpid reproduction
helps adaptation to occur very quickly. Each bacteri.um that has an
advantageous mutation may survive a changing emqu;ment and
reproduce; bacteria without an advantageous mutation may not, The

surviving bacteria
reproduce quickly. A0

P J
A o

rL;‘ el
b

This rapid adaptation 0
often leads to problems ¥ o o
when doctors treat a ‘
Staphylococcus aureus
infection (or other
bacterial infection)
Wwith an antibiotic.

& TOPIC 1,3 HOW CAN NATURAL

3 an advantage for surviving in its environment.
er \ e
qroups. How Wwere your ideas similar and/or different?

selective advantage a
genetic advantage that
improves an organism's
chance of survival, usually
in a changing environment

natural selection
the process by which
characteristics of a population
change over many generations
as organisms with heritable
traits survive and reproduce,
passing their traits to offspring
adaptation a structural
or behavioural feature or
physiological process that
helps an organism survive
and reproduce in a particular
environment

Figure 1.22 These
Staphylococcus aureus
bacteria appear to be
identical, but some may have
a mutation that makes them

\ resistant to antibiotics.

AND ARTIFICIAL SELECTION INFLUENCE CHANGES IN POPULATIONS? 47



Figure 1.23 The forest
shown here is very dense. As
aresult, fittle sunlight reaches
the ground where young trees
are growing. Populations
become adapted to their
environment over many
generations through natural
selection, The environmental
Pressures result in soma
individuals heing more likely
10 survive and pass along
their genetic traits to their
offspring. The trees able to
grow in an environment with
low light levels are more
likely to be ab]

Natural Selection Acts on Populations

An antibiotic is a drug used to treat infections cause by bacten‘& 3
problem is that some individuals of !hc bacterial species may haya an
allele, from a random genetic mutation, that makes them resistan to
antibiotic. Only the individuals with the new allele are apje 10 Sury
reproduce. They can then pass on the genetic information that regyjan
resistance to that particular antibiotic to their daughter cells. Individy,
members of the population do not change during their lifetime, Rath‘ei;‘
over time, the population changes in its ability to resist Certain antjpiy..
ILis important to emphasize that the population changes, not indiyig,
In the population of Staphylococcus aureus, the individual
members of the population were selected for by their environmeny, A
abiotic (non-living) environmental condition can be said to select for
certain characteristics in some individuals and select against differen;
characteristics in others. In this way, the environment exerts selectipe
pressure on a population. Selective pressure may result from biotic fy torg
as well, such as predators, parasites, and competition for resources,
As another example of selective pressure, consider the foresy shown
in Figure 1.23. Those individual trees that are able to grow Successfullylm
the shade of the taller trees will reproduce and pass on the alleles tg the
NEXt generation, increasing the abundanee of shade-tolerant alleles, In
the next generation, the abundance of the alleles to be more successfu]
in shady conditions will increase in the population, because more of the
individuals will have survived and reproduced. Over time, the pOpuﬁltion:
of smaller, shade- tolerant trees will be able to grow, survive, and reprodugg
in the shady conditions. [f a change were to occur to the environment,

such as a big increase in the light levels the trees were exposed to, the trajt

for resisting these conditions will no longer be an advanta
single member in the Population can withstand the increas
the population may not surviv

Natural Selection |s Situ
Natural selection has no will,
selection is situational, A trait thag oy one time jy oy
have no apparent relevance to su
time in a different situation,
survive and reproduce, The alleles for
the offspring of the Survivors, Ag 4 res
will be more and more individuals th.
helps them survive the change iy enyi
population that is better adapted t

ational

Activity
Modelling Natura| Selection

Using the background Information and materials provided by

your teacher, work in sma| grou

the number of raspberries. Give
your table a title. Allow for four

Purpose, or direction, Inste

e Situation seems 1o
rvival may be the traj that, at a different
helpg Certain individuals in 4 population
this trait wil) then be inherited by
ult, aver many generations, there

4t inherit the allele for the trait that

Ps and follow the steps below.
1. Your teacher will glve you a bag of 20 "berries." Ina

data table like the one shown on the right, record the

total number of berrles, the number of bluebarries, and

ad, natural

Number of

Number of
Blueberries

| Total Number
of Berries

Raspberries

poepulations of berries. =
Read all the steps and predict
what will happen to the numbers
of berries,

. Each bear in the group “eats” four berries each
year. Where bears prefer blueberries over
raspberries, to “eat” four berries, remove four
counters and place them In a container. If you
do not have four blueberries (blue counters)
in your bag, then eat whatever blueberrfes
you do have, plus one to three raspberries
(red counters) for a total of four berries.

4. A season passes. Each berry left in your bag
produces five new berries of the same coloyr,
for a total of 20 for the next season. Replenish
your supply of berries from your teacher to

W

ore you leave this page. ..

1. Why does genetic variatipn‘;ngg.e vlt«pﬁss:bl:j
for changes in populations to occ.ur_-}ﬁrq 19|
natural selection? Explain your answer.

Population 1
{Season 1)

e

make up the correct complement of berries
for the next season.

5. Repeat steps 3 and 4 for three more
populations/seasons of berries.

6. Graph each population result. Use your
results to answer the following questions.
¢ What happened to each population of

berries? Explain your answer.
* |s this an accurate model for natural
selection? Explain your answer.

¢ Evaluate your prediction.

2. Using the example shown in Figure 1.23, make
& graphic organizer to show the steps by'
which natural selection favours a populatfon
of pién‘is to grow in a shady environment.

CEC N poPULATIONS? 49
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CONCEPT 3

Figure 1.24 The Western
Screech-Owl (Megascrops
kennicottil) in € Is found in
Alberta and British Columbia

whereas the Eastern Screech
Owl (Megascrops )

In @ Is found in in Ontario
and Quebec

jon can
Natural selection .
the formation of new species.

Activity

i ?
Two Species or One? ...
Do you think the owls In Figure 1.24 are the same species? Why VY

What other information would you w : i
example, in the past, biologists defined species in terms of their physica m.

isti ish species?
What other characteristics could be useful to distinguish sp

lead to

ant to know to help you decide? For

()

ecall that a species is a population or group of populations in nature.
R whose members can interbreed to produce fertile offspring that alsg
can interbreed. Earlier in this Topic, you learned that various factors caj
changes within populations. When some members of a sexually reprodu
population change so much that they are no longer able to produce
fertile offspring with members of the original population, speciation has
occurred. Speciation is the formation of new species from existing species.

One Type of Speciation: Adaptive Radiation

Sometimes a population is splitinto two or more isolated groups bya
geographical barrier. Eventually, the gene pool of the split population
becomes so distinct that the two

isolates populations, fluctuations in ocean levels that turn a peninsulaint

anisland, and a few individuals reaching a geographically separate h:
Over time, natural selection and other factors act on each of the

Populations, Mutations that result In new traits that are advantageou

tq’i'ndividgalsmtheir environment are passed from one gene )
n ome cases, after a longer geological

P are so different f ;

same species, This ¢ >

%

-

a
large cactus finch }\ Q
sharp-beake ground finch 'fa(tus finch

(B
b Pinta L
jarge around finch (O™ Marcheng g Geniovesa “cocos island finch
N Santlago ~N. Seymao
S - 8 ur
, Femandina [ \g/mﬂda i @~
medium — Sarita Cruz warbler fineh
ground finch —Santa Fé
! R & g
R N Pinzon ol :
g 4 San Cristapal dpecker finch
small ground finch 1 bl - Wbt
Floreana Espanola

vegetarian ’

tree finch

mangrove finch

L

large
ge tree finch small tree finch

medium tree fineh

\tsome time in the past, members of the ancestral finch species reached
one of the islands in the Galapagos, Perhaps by being blown off course
during a tropical storm. With no other land birds on this island, the
stral finch species had Manyunoccupied ecosystems to move into.
ng the time that this occurred, individual finches were subjected to
ent types of selective pressures. and some may have flown o nearby
nds with still more unoccupied ecosystems to live in.
is 4 result. over time, the ancestral species divided into different
pilations, and some of these evolved into new species—the species that
now populate the many islands of the Galapagos. This type of speciation,
in which a common ancestral species diversifies into a variety of differently
adapred species, is called adaptive radiation. Islands are excellent places to
study adaptive radiation, and biologists sometimes refer to them as living
laboratories. Islands give organisms that have dispersed from a parent
population the opportunity to change in response to new environmental

conditions in relative isolation.

Activity

Galapagos Finches '
Use Figure 1.25 to answer the following questions about the

14 species of finches on the Galapagos Islands.

1. What is the major physical difference among the specles
llustrated? Form a hypothesis that might explain the difference

between the large tree finch and the cactus finch.

2. Ground finches that depend primarily on »599‘?-5 as a source th
food mostly live on solidified lava beds. How i yougxpla_lr_lf Ii
differences in beak size and shape among the different types o

ground finches? What about the tree finches?

g TORIC 113 HOW C

—

Figure 1.25 One common

example of new species

farming from a common

ancestor are finches on

the Galapagos Islands,

The Galapagos Islands are
located on the equator in the
Pacific Ocean. The isfands are
volcanic in origin and contain
a number of ecosystems,
ranging from dry and desert-
like to humid forests, Notice
the difference in the shape
and size of the birds’ beaks.

adaptive radiation the
diversification of a common
ancestral species into a variety
of differently adapted species
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Figure 1.27 The crossed
bill of the red crossbill (Loxia
curvirostra) enables it to
extract seeds from even

the most tightly closed of
conifer cones.

Adaptive Radiation: Another Example )

Another example of how new species ca'n ZOnir(; alﬁ?:,:::,?a,::lu‘? ]

Galapagos Islands, The tortoises on tl?e ln] iv :‘d“;om o dl:ﬁ.

Figure 1.26 and the points below outlfnc (.10 ;:’o 3 "_ ”, ay haye

rc.;.uhcd in the speciation of the tortoises in t e Galapagos Islands,

o Individuals from a species of South American tortoise fOun.d thejr
to the Galapagos Islands, and different ones were better suited yq eacl

specific island’s new environment. :
As these tortoises looked for and ate food on the islands, the diffe

in their traits allowed them to survive and reprodu.ce m_ t!le differey, :
environmental conditions, resulting in some tortoises living |°nge1-,

stronger or better fed, and reproducing more. (l\‘duta-mons ensure
genetic make-up of each individual in a species is slightly varied, )

The next generation would have more individuals with ch.aracterisu@
that enabled them to have greater success in the new environmeny,
Through natural selection, the descendants of the.ancestral LO110ise
population began to change. Over time, new species arose.

i B

‘ New species
can form

Adaptive radiation does not occur just on islands. In 1991, two
biologists at the University of British Columbia, Anna Lindholm and
Craig Benkman, studied a particular type of finch, called a red croéébill.;.
to demonstrate speciation. The twisted beak of the'crossbill, shown in
Figure 1.27. allows it to PIy open closed conifer cones.

The beaks of seven birds, which Specialize in eating the tightly closed
cones of western hemlock, were “uncrossed” by trimming them with nail
clippers—a painless procedure. The scientists ohserved that birds with
clipped bills were as effective as those with crossed bills at getting seeds
from open cones. However, birds with clipped bills could not openc
cones. As their bills grew back and began to cross again, the birds grad
became better at opening the closed cones.

The development of the crossed bill did not arise all at once. The
: Y selective pressure, one generation

Adaptive radiation

e

Extinction and Selectjye Pressure

You have learned one way that
5 1eW Species o
end? The environmeny isa strong .mn’:]eClLs can form, by, how do species
: ence 5
new species as well as thejr extinetion [’:‘CL.(m both the formation of
2 23 + BOvironmental inflye

selective pressure, . 1ences create
selective pressure, and thege influences can haye el Bl
outcomes. In some Cases, new species will Y€ positive and negative

' : o VIlE arise, 5T CARE:
species may go extinot, #1156 I other cases, existing

One of the most :

illion years ago, R ﬁ_‘mm’s.e"ﬂ_mples of extinction is that of dinosaurs 65
’]”P _ Nli;mi;ﬁ; %Ve tccem sv'nennﬁc research supports the hypothesis that
; 1'15’ l;'wc lcuused n “{?S triggered by the Impact of a large asteroid. This
nml,\o;lm; iy massive forest fires. ASs a resuly, huge amounts of saot
4 hp(D Ses Ay }‘fﬂVC been thrown intg the air, blocking the Sun
e si. u”"? lh'? time period, more than half the existing marine
species and many famil ; : 2 ;
E any m! 185 of terrestrial plants and animals, including the

dinosaurs, became extinct,

Overall, biological diversity has increased since about 500 million years

extinction occurs when
a species completely
disappears from Earth

there have also been several sharp declines in the number of species. These
re known as mass extinction events. Five major mass extinctions have
cen identified, as shown in Figure 1.28, After each extinction event. the
imber of species decreased. For example, after an extinction event about
) million years ago. about 96 percent of all species are thought to have

¢ extinct.,
Figure 1.28 The five major

20 «——— mass extinctions
\\ \ \ mass extinction events
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iiversified and evolved into other species:

dinction related to selective
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mutagen & substance or
event that increases the rate

of mutation

carcinogen a substance of
agent that causes cancer

Figure 1.29 Applying
sunscreen before going out
in the sun can help reduce
a person’s expostire to
ultraviolet radiation,

CONCEPT 4

Environmental factors ca

n cause mutation

Activity
Increased Cancer Risk

Work with your group to make a list of
associated with an increased risk of car.1cer. :
groups and agree on a list as a class. Discuss g
or activities are associated with the development © A

substances or activities that are
Compare your list with other
ow you know the substances

utations are important to the process of n'atural selection and the
formation of new species, because mutations arfe akey source_o.g
variation in genes. Certain environmental factors CaI:l increase the rqg 4
of mutation. A mutagen is a substance or event that increases the rate of
mutation. Physical mutagens cause physical changes to the structure gf

mutagens are molecules that can enter the nucleus of a cell and chem
react with DNA. Examples include nitrites, which are used in food

preservation, and gasoline fumes.
Some mutagens are carcinogenic. A carcinogen is a substance or

that causes cancer. Exposure to ultraviolet radiation increases a pers on
risk of developing skin cancer. That is why many health organizations
recommend avoiding spending a lot of time in the sun during certain
hours of the day, or using sunscreen (Figure 1.29), and wearing a hat

cigarettes and breathing second-hand smoke increase a person’s risk.
developing lung cancer.

to problems with the production of aspecific protein,

Activity
How effective are different sunscreens?

:’;;;?“he,r M" provide your group with set of beads that are sensitive to UV.
oy Yourteacher will also provide you with information and a worksheet

: ‘Beforie you leave this Page. ..

DNA. Examples include X-rays and ultraviolet (UV) radiation. Chemieal

and sunglasses when people are exposed to sunlight. Nitrites and other
compounds found in cigarette smoke are also carcinogens. Smoking
i

Recall that genes carry instructions for the production of proteins. Ifa
mutation occurs, it can change the instructions on the gene, which can

CONCEPT 5

in organisms tg b
the next generation.

Activity
Tomato, Tomahto?

atural selection occurs j
IS in ;
lqm cany 4 population in response 1o changes in
ronment. However eople h :
A A . -1+ People have been artificially selecting
Organisms for particular trajts for thousand i pr
artificial SaTaen £ . s of years. This process, called
art s 10N 1S sometimes referrad to as sel i
selectibn Istoibeits . S selective breeding. Artificial
2 Ve pressure exerted by h X ¥ :
to fmproveEs B 3 Y humans on populations in order
; : : ¥ particular desirable traits, Ithas had a huge impact
1 human survival,
1 2 . S
_— ofthe ff’Od We eat—grains, fruits, vegetables, meat, and milk—
s from species that have been selectively bred. For instance, artificial
tion has resulted in cows that produce more milk. Some varieties of
ten are bred to grow quickly and have large muscles for increased
unts of meat. Other varieties of chicken have been bred to produce
numbers of eggs. Some animals, such as domestic cats. are bred for
their appearance (Figure 1.30). All domestic cats are the same species,
Felis catus, so they can interbreed and produce fertile offspring. Over man
) p B v
generations, breeders can change how a particular cat breed looks,

The key difference between natural selection and artificial selection is
that in natural selection, the environment plays the role that humans play
in artificial selection. In natural selection. the environmental conditions
determine which members of a population will survive and iproduce in
the current conditions. This, in turn, affects the gene pools of individuals

of future populations, because those that survive will pass on their genes to

their offspring.

NEL

artificial selection selective
pressure exerted by humans
on populations in order to
improve or madify desirable
traits

Figure 1.30 By selecting the
parents that carry the genetic
material that breeders are
interested in, cat breeders
produce cats with distinctive
features. All the cats shown
here carry the same kinds
of genes (for example, for
fur, size, and ear length).
However, the alleles for
these genes differ among
the cats, allowing humans te
select for or against certain
- characteristics.
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Consequences of Axuncial Seisciior

Artificial selection has Negative a5 well

. | Selectioﬂ and Food Crops v as positive consequences. For example
Artificia n for most of our diet—rice, corn, wheg, English bulldogs are selectively bre o
clective breeding. Figure 1.31shows different traits. such as their flag faces

at we depend ¢
This trait results in severe respira(o.-y

problems. German shepherdg and
many other breeds of dogs haye been
selectively bred for their large size, An
unfortunate consequence of this is hip
dysplasia, a disorder that leads 10 aloss
of function of the hip joings,

One of the main goals of
domestication is to pradice Organisms
that are all similar, This means reducing

h
‘he food crops t i fs
:"‘(] vegetables 41" o l‘(islurl:l::stard plant (Brassica oleracea)—has
: mple—the Wi : common food crops,
Oy TS cxfl. .rec:jvc preeding to create m.a!}) he wild mus(ardps‘
miodified by s¢ began (0 modify the traits of t \e' i A plant
et o and Asia, where the plant is a native species, |
urope & d varieties all differ from the wild plant, by
pecies and can interbreed and produce

1 may have seen broccoflower in your

‘hich is a cross between cauliflower and broc(.:oli_ :
which is ist drought, disease, or insect infestation,

are bred to grow quick| “

4000 years ago in E o
traits of the artificially selecte

they are members of the same $|
i fspring. F i L yolL
fertile offspring. For example; y

grocery store,
We breed food crops 10 165

Figure 1.32 This

3 : ¢ its Hmits, though. If plants
Artificial selection has its Hmits, 18 o e
they may not tolerate poor s0il conditions. Croy‘) br(.eeders now und?m genetic diversity. Plants are Specialized through selective breed
S «eding must be balanced to maintain genetic variation produce the specific qualities th FEAIng10
that selective breeding mus 4 \ B ; al growers want, so plants that have been monoculture shows the vast
within the crops and the ability of the plants to respond to environmental$ sclectively bred lack genetic diversity, expanse that Is covered by
For exan 5 i : :
change. ; fn 0 nple, most agriculture in the world js based on extensive one crop (hwheat]. ma.\:e. u:)
[ plantings of the same varieties of a speciesover] ! 3 of plants that are artificially
Figure 1.31 These six I like that shown in Figure 1,32 i icei e, selected to be similar.
'lgﬁcultun:al o ek L Ke : SUQY gure 1.32. This practice s called monoculture. It is
b 2 ertainly ) r: i 3 : & N
ditfarent osl (each S ¥ == =a certamly (“aﬁl‘-.f to lllfinage fields in which there is only one kind of plant
but they carry much of ‘,"'_, [ STOWING. _7 his is particularly true today when herbicides, insecticides, monoculture repeated
same genetic material as f > [ an -mh:mrs are manufa.ctured specifically to meet the needs of specific planting of the same varieties
the wild mustard plant. V- / crop species. However, with monoculture comes a significant risk, The of a species over large
The differences affect the o lack of genetic diversity means that disease or environmental changes will SAPRl>Es ghiane
fq:rmatuon of flowers, buds, affectall plants of the monoculture in the same way. As a result, the whole
SRR population—the whole crop—could be wiped out or severely damaged.

Extending the Connections

Y .:.' .
;ﬂ»k _.,{‘; &

Wild mustard plant
(Brassico oferacen)
Strain | Kohlrabl | Kale Brussels | . — Food and Artificial Selection
Modified trait | Stem Le. Wléﬁus Later o ' v All the major crops that we depend on for food have been domesticated over
toral .
%\ andstem | teatbus E‘f“ml thousands of years. These crops include rice, wheat, varieties orsAuash, Helloes)
- ' and varieties of beans. Choose one of these ¢rops, or a domesticated plant or animal
Activity of your choice, and research your selection using Internet and print resources. Sketch
Selective Breeding the original ancestor and the modern offspring. Compare the original and current forms.
Phie Describe at least three traits that humans appear to have selected for.

The criginal ancestor of corn was a small, weed-lika g

"ot com . : - rass
o :;e sglectlvely bred teosinte for
haracter our modern, artificially
f e to the origina|
fwild teos |







