
individuals within populations to have selective advantages.
These selective advantages are determined by which
individuals have the adaptive traits needed to succeed and
be the most fit (according to Darwin) to survive, and thus
produce the most offspring. The successful genotypes and
adaptations will increase in genetic frequency with
subsequent generations as long as they continue to have a
selective advantage. A variation is defined as any visible
difference among the individuals within a population.

■ Adaptations within individuals can be structural,
behavioural, or physiological. An example of a structural
adaptation would be the excellent eyes of an eagle because
of its enhanced optic chiasma and more cones; some owls’
hunting during the day is a behavioural adaptation; and a
physiological adaptation is a bear’s ability to store fat and
slow its heart rate during the winter.

■ A mutation is anything that permanently changes an
organism’s DNA. If the mutation is heritable (transmitted
through the gametes to its offspring), then it can have
negative or positive effects on the resultant offspring. A
negative mutation will select against the individual and it
will be less able to compete for the limited resources,
whereas a positive mutation will give the individual
adaptations that have selective advantages.

■ Neutral mutations are passed on from generation to
generation, until they serve a purpose. 

■ The theory of natural selection is based on the principles
that organisms reproduce more offspring than the
environment can support; this in turn forces competition
because of the limited resources within ecosystems, and the
most fit individuals (those with the adaptations best suited
for the environment) will reproduce more often and pass
these successful traits on. 

Teaching Strategies
■ Start your discussion by referring to Fig. 4.3 on page 115

or placing a picture of a dog and her litter of puppies on
an overhead, or projector. Ask the students to look at the
mother and each of the puppies and to come up with as
many differences as they can between their phenotypes. 

■ Ask students to record answers to: “What do you believe
evolution is? What are the forces behind it? How rapidly
does it occur?”

■ Students often have difficulties grasping the origin and
survival of new traits in a population. You should devote
some time to discussing mutations and sexual reproduction
and how these processes introduce and create new gene
combinations and new adaptations and variations. Many
students believe that only the environment causes change
over time and fail to recognize these two separate, distinct
processes.

■ Have the students brainstorm ideas as to how variation is
created among populations of species. 

■ Additional terms used in this section are: “genotype,”
which refers to the genetic make-up of an organism, and
“phenotype,” which refers to the visible, physical
characteristics of an organism.

■ An extra quiz has been prepared for this section. You will
find it with the Chapter 4 BLMs on the CD that
accompanies this Teachers’ Resource or at
www.albertabiology.ca, Online Learning Centre,
Instructor Edition, BLMs.

Number (Type)
4.1.4 (AST) Adaptations, Variation, Mutations, and
Natural Selection Quiz
4.1.4A (ANS) Adaptations, Variation, Mutations, and
Natural Selection Quiz Answer Key

Some students may need terms such as adaptation, variation, and
mutations emphasized. Refer to Unit 2 Preparation, pages 74–75 for
meiosis, showing large chromosomes with genes on them, and how
these genes can move throughout meiosis and the resultant
gametes contain unique combinations. Or, use manipulatives such
as licorice and candies to model meiosis so that the kinesthetic
learners will also comprehend how sexual reproduction can create
variation. Have students design an activity or simulation that would
demonstrate selective advantage by individual traits within a
population. For example, create a population within the class that is
depredating upon coloured licorice and give each of them different
adaptations. As the students manipulate the adaptations, some will
clearly be more successful (explain this as fitness) and be more
able to reproduce. 

Answers to Questions for Comprehension 
Student text page 115

Q1. An adaptation is a trait that helps an individual survive. A
shark with a keen sense of smell will be better at finding
food and will therefore be more likely to survive and
produce healthy offspring. These offspring will be more
likely to have their parent’s keen sense of smell. 

Q2. Sexual reproduction takes the gametes from two parents
and produces a resultant variant in their offspring. Each
offspring gets a different combination of the parents’
genetic material, so each offspring will be unique. Sexual
reproduction is also influenced by increased variability
because of events in meiosis, such as crossing over, that
create new genetic combinations. The offspring will
always be a variant of its parents.  

2-39Chapter 4 Mechanisms of Population Change • MHR



Investigation 4.A: Variations Great and
Small 

Student Textbook page 116

Purpose 
Students will design an investigation to measure inherited
characteristics in two populations and determine if there are
differences among individuals of the same species.

Outcomes
■ 20–B2.1s
■ 20–B2.2s
■ 20–B2.3s 

Advance Preparation

Time Required
80 minutes (30 for planning; 20 for data collection; 30 for
analysis) 

Helpful Tips
■ Use BLM 4.1.1: Investigation 4.A: Variations Great and

Small to support this activity. Modify as necessary.
■ Have students complete a formal write-up. Use Assessment

Checklists 1 and 2 as guides.
■ Students may have trouble deciding which characteristics

to measure. To get them thinking about specific
characteristics (traits), have an opening discussion about
variations in humans or another common organism.

■ If students are using the microscopes, review microscope
use and slide preparation from Appendix C on page 756.

■ Review variables with the class (manipulated, responding,
and controlled), and have students identify their variables
before they begin the investigation. 

■ Review how to write a hypothesis (a good hypothesis will
include reference to the problem and the variables). 

■ Data should be presented in a table and graphed, if
possible, to show results. Assess data tables and graphs for
required components (titles, units, labels, etc.). Students
can calculate mean, median, mode, and range of their data
if it varies among organisms (i.e., bean seed length).

Answer to Analysis Question 
1. Students should identify the variables they measured, the

units they used to measure the variables, and the
maximum and minimum measurements they got. 

Answers to Conclusion Questions 
2. Students are analyzing 2 traits so they will draw 2

conclusions. Concluding statements should refer back to
observations and calculations, and have a quantitative
component. For example, “It was found that the mass of
the bean seeds ranged from .23 g to .43 g, with seeds
equally distributed through this range.” Typically, results
will show a range of traits (i.e., hair colour, stem length in
leaves, etc.); some traits will have only two variations (i.e.,
earlobes, no earlobes). Students can construct graphs
showing a frequency distribution curve. 

3. Students should expect to see a smaller variation in the
range of data if all the specimens come from the same
parent.

4. Size will have advantages in some species. For example, a
large seed will be advantageous in times of drought or
when soil nutrient conditions are poor. A larger seed will
be able to provide more nutrients to a sprouting plant,
allowing quicker growth, and sustain it for a longer period
of time if the plant is under stress. Student responses
should be logical and specific to the measured
characteristic, state advantages (or disadvantages), and
provide an explanation. 

Assessment Options
■ Assess the experimental plan and the full laboratory report.

Use Assessment Checklists 1 and 2 (see Appendix A.) 
■ Assess answers to Analysis and Conclusion questions.

Answer to Question for Comprehension
Student Textbook page 118

Q3. When a student is discussing a mutation that provides a
selective advantage, the response should point out that
individuals with this advantage will be favoured to
produce more offspring for the next generation.

Materials

■ ruler 
■ balance scale 
■ callipers 
■ microscope 
■ microscope slides 
■ checklists 1 (Designing an Experiment) and 2 (Lab Report)
■ beans, shells, leaves, or other objects to measure 
■ string 
■ graph Paper

When to Begin What to Do

One week before investigation ■ If you will be using bean
seeds, pick them up at a
local hardware store.

■ Have students consider
which organisms they will
be investigating.

1–2 days before ■ Photocopy BLM 4.1.1:
Investigation 4.A
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Individuals with a selectively disadvantaged mutation will
reproduce less frequently or their offspring will be less
likely to survive.

For example, a selective advantage could be one that gives
certain individuals within a population increased hunting
success. These individuals will be selected for as mates
because of this success. Individuals that have other
variations that do not promote hunting success will be
selected against (survival of the fittest).

Thought Lab 4.1: Evolving Superbugs   
Student Textbook page 119

Purpose 
Students will investigate the ability of the bacteria
Staphylococcus aureus to adapt quickly to changing
environmental conditions and analyze data to see how
antibiotic resistance can develop over time. 

Outcomes
■ 20–B2.3s 
■ 20–B2.4s

Advance Preparation

Time Required
80 minutes (20 minutes for the activity and analysis; 
60 minutes for ICT follow-up)

Helpful Tips
■ Use BLM 4.1.2: Thought Lab 4.1: Evolving

“Superbugs” to support this activity. Modify as necessary.
■ Remember, antibiotics treat bacterial infections only, not

viruses.

Answers to Analysis Questions
1. If a patient stops taking an antibiotic before the

prescription is complete the patient may develop
antibiotic resistance. The use (and misuse) of antibiotic
drugs promotes the development of antibiotic-resistant
bacteria. Resistance occurs when bacteria change on the
genetic level, becoming resistant to the antibiotic.
Resistance reduces the effectiveness of antibiotics.

Bacterial genes change when mutations occur or if a
microbe acquires a gene from another individual. If this
genetic change allows the organism to survive, it will
reproduce and pass along the antibiotic-resistant gene,
and quickly this gene will become dominant in the
population. If a person does not finish a prescription,
drug-resistant bacteria not killed in the first few days of
treatment will proliferate. 

2. ■ The overuse of antibiotics can cause bacteria to develop
resistance not only in humans, but in agricultural
animals as well. Bacteria are commonly spread from
animals to humans. When these bacteria are antibiotic-
resistant, the resistance can be passed to human
pathogens, making the pathogen antibiotic-resistant.
This causes problems for the treatment of the disease. 

■ Agricultural practices introduce both plant and insect
species to herbicides and insecticides respectively.
Certain individuals within the populations of each
species exposed to the chemicals will survive the
applications. These individuals will now be the “most
fit” and will pass on the heritable genotype that
allowed them to survive through the applications.
These genetic variations are also found on many
bacteria as they are inadvertently being exposed to the
chemicals used in antibiotics. As they develop
resistance to these chemicals through exposure, this
renders their ability to be used as possible antibiotic
medicines useless.

Assessment Options
■ Assess answers to Analysis questions.
■ Assess presentation of the research report using Assessment

Checklist 8: Presentation Skills from Appendix A.

Answers to Questions for Comprehension
Student textbook page 120

Q4. One example is the beaks on the finches; some finches
may have longer beaks and some may have wider beaks.
These phenotypic differences were caused by mutations
and selective pressures. A second example is drought-
resistance in fescue. At one point, individuals within a
population had the mutation for drought resistance occur
within their genes and it was a heritable trait. Once it was
passed on to the next generation because of its
reproductive and selective success, it became more and
more predominant.

Q5. Insecticide acts as a selective force within the
environment. Because of the variations within the
population of insects, some will survive the insecticide
application. When these individuals reproduce, the next
generation will have more individuals that are able to
survive because they have inherited the genes necessary for
the insecticide resistance. This change in environment,
with different selection pressures, is natural selection

Materials

■ coloured chips

When to Begin What to Do

Day before investigation ■ Photocopy BLM 4.1.3:
Thought Lab 4.1: Evolving
“Superbugs”
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of natural selection in the middle, and include the 4
essential components of the theory around it.

■ The contributions of the different scientists that helped Darwin
form his theory of natural selection, and served as the basis for
the theory of evolution, are difficult for many to understand or to
see how each contribution factored in. Have the students create
a timeline, draw a cartoon picture of each scientist, and briefly
explain their contribution to Darwin’s theory.

■ When possible, arrange a field trip to the Royal Tyrell Museum so
that students can see how many of the fossil records support the
theory of evolution.

Answers to Questions for Comprehension
Student Textbook page 123

Q6. Cuvier would have suggested the species of fish had
become extinct, possibly due to a natural catastrophe such
as a flood or volcanic eruption.

Q7. Lyell rejected the idea of catastrophism and guessed that
the Earth changed slowly and continuously over time. His
idea also suggested that the Earth was older than 6000
years. He believed that slow, continuous change would
amount to large changes over time. This influenced other
thinkers such as Charles Darwin, who wondered if the
same sort of processes and timelines were occurring in
populations also.

Student Textbook page 124

Q8. Using Lamarck’s hypothesis of inheritance of acquired
characteristics, because the farmer’s ability to develop
dark-tanned skin served a favourable purpose (adaptation)
it would be passed onto her offspring. According to
Lamarck, the offspring would all be born with darker
than normal skin, so that they would have this advantage
to begin with and continue possibly getting darker during
their lifetime and passing this increased darkness onto
their offspring as well. 

Students should also indicate that while this would have
been a reasonable hypothesis in Lamarck’s time, now that
scientists understand the distinction of heritable traits and
the role of genes, it would no longer be considered.

Q9. Charles Darwin surmised that species could change over
time after looking at the tortoises and finches on the
Galápagos Islands. When he discovered that the finches
had different beaks that allowed them to eat different
food, and that the finches whose beaks were different
lengths were not interbreeding, he surmised that these
were different species, which must have been descended
from a common ancestral finch, and which changed
slowly over time to adapt to new environments. His
observations were also supported by his knowledge of

breeding of dogs, pigeons, and flowers. His research here
showed that variations could be passed on through sexual
reproduction and that many new variations could be
produced. This helped emphasize that change could
happen within a species over time.

Student Textbook page 126

Q10. Competition for limited resources accounts for the
“struggle for existence” part of Darwin’s theory of natural
selection. Certain members of a species with the better
adaptations and variations will out-compete others for
the limited resources. Those that are able to out-compete
will also be the ones that produce more offspring because
of their successful traits.

Thought Lab 4.3: Comparing the Ideas 
of Lamarck and Darwin 

Student Textbook page 127

Purpose 
Theories of evolution have changed over time. Students will
compare Darwinian and Lamarckian explanations of
evolutionary change and comment on explanations of
evolutionary change.

Outcomes
■ 20–B2.3k
■ 20–B2.4s

Advance Preparation

Time Required
30 minutes

Helpful Tips
■ Use BLM 4.2.3: Thought Lab 4.3 to support this activity.

Modify as necessary.

Answers to Procedure Questions 
1. (Students have to rewrite the quotes in their own words.

Here is a bit of background for you). Lamarck stated that
time and favorable conditions have given rise to the
diversity of organisms on the earth. He argued that if the
environment of an organism changes, the organism will
change its behaviour and adapt to fit the new
environment. Use of an organ or appendage would cause

When to Begin What to Do

One day prior to investigation ■ Photocopy BLM 4.2.3:
Thought Lab 4.3: Comparing
the Ideas of Darwin and
Lamarck
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growth in that structure, whereas disuse would result in
the structure shrinking or disappearing. Lamarck said that
the results of these changes accumulated over a lifetime
were heritable, and could be passed on to their offspring.
Darwin states that natural selection acts on individuals
with favorable variations. All species have a variety of
traits, some of which have a genetic link. Since organisms
differ and are capable of producing a great number of
offspring, the chances of individuals in a species surviving
and passing on traits to the next generation is very good.
Change in species over time will occur when these
favoured forms provide a selective advantage over others,
and these changes will be passed on to later generations. 

2. Lamarck says that it is the use and disuse of traits that
result in inheritance. Traits in individuals can change over
a lifetime, and these changes will be passed on to
descendants. Darwin says that there is “descent with
modification,” implying that individuals vary from one to
the next, and the ones that survive can pass their traits on
to the next generation. 

Answers to Analysis Questions 
1. (a) Lamarck would state that flying fish arose from

simpler fish, and over time developed a large pectoral
fin because they needed it to outrun predators or
hunt for insects above the water. Since the fin was
used over and over, the fin got larger and larger, and
the modifications were passed on to the next
generations of offspring. 

(b) Darwin would suggest that variation in fin size occurs
in the population of fish, and at some point in time,
the fish with the larger fins were able to survive, while
fish with small fins did not. Those fish with the larger
fins reproduced, passing along their large fin traits to
their offspring. 

2. Natural selection does not imply that species are
becoming more and more complex (complexity is not the
goal, survival and reproduction are); if this was the case,
“simple” bacteria would be long extinct. It is not assumed
that each generation is improving; populations change
because of selective pressures from the environment. 

Assessment Option
■ Assess answers to Procedure and Analysis questions.

Biology File: Web Link
Student Textbook page 128

The Burgess Shale gave paleontologists their first specimens of
fossil invertebrates—the fine mud that encased them
preserved the soft body parts. The Joggins fossil cliffs, which
were visited by Charles Lyell in 1851, also contain a rich
variety of fossils, this time from the Carboniferous Period.
Fossils include the world’s first reptiles, thought to be the
precursors of the dinosaurs.

Answer to Question for Comprehension
Student textbook page 129

Q11. (1) Stratification has shown that most often the fossils
found in the younger layers (those closest to the surface)
are more similar to the species living today than those
found within the older or deeper layers. (2) Another
thing the fossil record shows is that not all organisms
appear in the fossil record at the same time. For
example, by comparing different fossil beds, scientists
were able to show that fish are the oldest vertebrate
fossil, and in turn, amphibians developed from ancestral
fish, reptiles evolved from ancestral amphibians, and
mammals and birds both evolved from different groups
of reptiles.

Biology File: Web Link
Student Textbook page 130

While the theory of plate tectonics explained the development
of related species in places that are now very far apart, until
Tuzo Wilson solved two key holes in the theory, little progress
was made. Wilson proposed the idea of hotspots in Earth’s
mantle, which explained the existence of phenomena such as
the Hawaiian Islands. He also hypothesized the existence of
“transform faults,” which explained horizontal slip. Both ideas
were proven by tests in the field. 

Thought Lab 4.4: Homologies of Hair 
Student Textbook page 131

Purpose 
Students will hypothesize the adaptive significance of
variations in the structure of hair using electronic research
techniques.   

Outcomes
■ 20–B2.1s
■ ICT C7–4.2

Advance Preparation

Time Required
80 minutes  

When to Begin What to Do

One week before investigation ■ Book computer lab or
library

■ Photocopy BLM 4.2.5:
Thought Lab 4.4:
Homologies of Hair
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Helpful Tips
■ Use BLM 4.2.5: Thought Lab 4.4: Homologies of Hair

to support this activity. Modify as necessary.
■ Discuss the structure of hair of common mammal

ancestors. 
■ For Analysis Question 3, have the students set up their

answers in a visual organizer. 
■ Hair is characteristic of all mammals. Mammal body hair

has 3 basic parts—a shaft, root, and follicle. The most
common theory regarding the evolution of mammal hair is
that it has evolved from reptile scales; however there are no
intermediate structures between scales and hair. It is
believed that hair evolved to retain body heat; however,
this is speculation. 

■ Some students may require assistance with search strings in
Internet search engines; help them to find a list of specific words
they will use to begin their search. Go to www.albertabiology.ca,
Online Learning Centre, Instructor Edition, Teacher Web Links for
suggestions.

Answers to Analysis Questions
1. (a) The structure of the organism’s hair is related to its

survival in its environment. For example, the hair of a
polar bear is hollow, trapping air inside, providing
extra insulation and warmth. This helps the polar
bear survive in the Arctic. 

(b) Student answers should hypothesize that all hair
shares a characteristic that points to a shared common
ancestor.

2. Presentation of findings. 

Hairs of the Porcupine: porcupines cannot run fast nor are
they big, so they use quills to defend against predators.
Quills are modified hairs with modified barbs on the end
that can be driven into the muscle of predators. 

Underfur for Sea Otters: Sea otters have more hair follicles
per square inch than any other mammal. Unlike whales
and walruses, sea otters do not have thick blubber to keep
them warm; their thick fur coats protect them from cold
temperatures. The fur consists of two layers, a protective
outer layer and a fine “underfur.” The underfur remains
dry by trapping air bubbles in the oily fibres. 

Cat Whiskers: Cats have long, specialized hairs that have
nerve endings in them. They are very sensitive, increasing
the cat’s sense of touch and helping cats feel their way
around at night. 

Mane of a Lion: Only male lions have manes. The mane
develops at sexual maturity, and then the lion is removed
from the pride by the dominant male. In terms of social
structure within a pride, the mane is very important,
making the lion larger in appearance and adding to his
display in front of females. Dark manes are preferred by

females; however, this presents a disadvantage for the male
regarding temperature control. In the hottest climates,
males have very small manes, or no mane at all. 

Thick hair of a Woolly Mammoth: The woolly mammoth
was adapted to the Ice Age climate. The coat of a
mammoth was similar to that of muskox. The hair was
long (90 cm) and thick, with dark guard hairs and fine
underwool. The mammoth likely moulted in the summer.  

Horn of a Rhinoceros: The function of the horn of a rhino
is not fully understood; however, removal can be
detrimental. The horn is made of tightly packed hairs
called keratin (this is what our fingernails are made from). 

Scales of a pangolin: This animal looks like a pine-cone-
textured lizard. When attacked, it can curl up into an
armoured ball (it is said that it can deflect a .303 bullet
from 100 m), and it can harm an enemy with the sharp
scales on its tail. 

Qiviut of the Muskox: The coat of the muskox has two
layers; the qiviut is the soft underwool found underneath
the longer outer wool. This is the layer that is shed each
spring. Qiviut is stronger than sheep’s wool, eight times
warmer than sheep’s wool, and does not shrink in water
no matter what the temperature. In addition, it is
considered to be softer than cashmere or vicuna.  

3. A comparison/contrast of similarities and differences
between organisms studied by the group could be set up
as a chart or some other visual organizer. Look for
comparisons of both form (structure) and function.  

Assessment Options
■ Assess answers to Analysis questions.
■ Assessment Checklist 8: Presentations from 

Appendix A.

Answers to Questions for Comprehension
Student Textbook page 132

Q12. Bird wings and bat wings are analogous structures. They
serve the same function, but birds and bats come from
different common ancestors and developed
independently of one another.

Q13. Similarities in embryological development point to a
common ancestral origin. As the development occurs,
similarities such as the paired pharangeal pouches, which
develop into gills in fish and amphibians, and ears and
throat in humans, show that all vertebrates have a
common ancestral origin.

Biology File: Try This
Student Textbook page 132

The term “pre-adaptation” is misleading because it suggests—
with the prefix “pre” (before)—that the adaptation was
somehow in anticipation of the need. In fact, some
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adaptations only co-incidentally confer selective advantage,
depending on the change in abiotic conditions.

Answer to Question for Comprehension
Student Textbook page 133

Q14. Embryology, Molecular Biology, Paleontology,
Comparative Anatomy (homologous and analogous
structures), and Genetics have contributed to the theory
of evolution by natural selection. 

Embryology—similarities in development and
developmental structures show relatedness to a common
ancestor.

Molecular Biology—the presence of similar patterns on
different species’ DNA shows that the patterns were most
likely inherited from a recent common ancestor. The
farther apart the similarities, the more distant the
common ancestor.

Paleontology—the fossil record shows the progression of
species, their extinctions, possible transition species, and
the order that they appeared in history.

Comparative anatomy—by examination of structures
and bone make-up and functions, scientists can discover
if the structures are homologous (which implies a
common ancestry, but not necessarily a common
function) or analogous (perform the same function, but
developed independently of each other).

Genetics—the study of gene sequences has allowed
scientists to make discoveries such as the relationship of
dogs to bears, and whales to hippopotamuses. The study
of the mechanisms of heredity and mutations allows
scientists to surmise where and how these events
transpired.

Section 4.2: Review Answers
Student Textbook page 133

1. (a) Cuvier—credited with helping to develop the science
of paleontology, which is the study of ancient life
through the examination of fossils. He determined
that different fossils are found in each layer of rock or
soil and concluded that some species disappeared and
new ones appeared over time, and that some have
become extinct. His observations were supported by
his idea of natural disaster events, which he called
“revolutions”—violent shifts in the environment that
caused numerous species to become extinct.

(b) Malthus—wrote “Essay on the Principle of
Population,” in which he explained that plants and
animals of the world produce more offspring than
will be able to survive. His essay was integral in
helping both Wallace and Darwin support and
develop their theories. 

(c) Wallace—outlined a theory almost identical to
Darwin’s in a paper that Darwin reviewed in 1858. 

(d) Lyell—Darwin credits the reading of Lyell’s work in
leading him to develop and support his theory of
natural selection. He rejected catastrophism and
developed the theory of uniformitarianism, which
stated that geological processes operate at the same
rate in the past as they do today.

2. Both of these scientists realized that the environment has
a great influence over animals which survive. Both
scientists realized that the best traits will continue to be
passed on to the next generation.  They both came to the
conclusion that, over time, individuals and populations
change in response to changes in the environment. 

3. Birds and bats have wings that are very similar in their
function, but their bone structures are very different. This
implies that these organisms do not have a common
evolutionary origin, but instead they developed similar
traits because of available ecological niches within their
environment. In other words, these analogous structures
were designed for a similar purpose, regardless of their
ancestral origin. The bat and the mouse demonstrate
homologous structures. They are both mammals, so they
are more closely related than bats and birds. The bat’s wing
bone is homologous with a digit on the mouse’s forelimb.

4. (a) Animals on the islands evolved from migrants from
the mainland. Any observable changes in the
organisms were because of the environmental
conditions of the new area. 

(b) All individuals within a species have phenotypic and
genotypic differences caused by the variation processes
within meiosis and sexual reproduction, as well as the
many mutations that occur within DNA.

(c) Because resources such as food are limited, species
compete both within the species and with other
species. Those individuals with the most successful
adaptations will out-compete in this environment and
will be the ones that reproduce the most. Resources in
limited amounts are known as selective pressures.

5. Student answers may include similarities between embryos
in related groups, evolutionary relationships and common
ancestry that can be traced back through DNA and
proteins by the study of molecular biology, fossil
similarity, anatomy and observing mutations in gene
sequences. 

6. This is not an example of how particular traits are passed
from one generation to the next. For an adaptation to be
passed on (such as the broken leg and limp) it has to be
an inheritable trait. This means that the gametes of the
organism must contain the genes that code for this trait so
that the offspring will develop the adaptive trait.

7. One would find the oldest fossils in the lower layers, and
the youngest ones closer to the surface of the fossil bed (in
the upper layers), as long as there are no folds in which
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■ Have the students create a flip-chart book that identifies,
with a diagram and supporting definitions, all the barriers
that can exist that will help lead to speciation. At the
beginning of the flip-chart book, have the students define
speciation, and for their last page, have them cut out
pictures that show that speciation has occurred (ie.
Darwin’s finches).

■ The following overhead masters and activities have been
prepared for this section. You will find them with the
Chapter 4 BLMs on the CD that accompanies this
Teachers’ Resource or at www.albertabiology.ca, Online
Learning Centre, Instructor Edition, BLMs.

Name (Type) 
4.3.1 (HAND) Biological Barriers 
4.3.2 (OH) Finches of the Galapagos Islands
4.3.4 (HAND) Modelling Adaptation and Natural
Selection 
4.3.5 (HAND) Speculating about Speciation
BLMs 4.3.1, 4.3.4, and 4.3.5 can be used as supplemental
activities.

■ Have students research the two lines of thought for
evolution, gradualism and punctuated equilibrium, and
create a summary of each. If they find any scientific
evidence that attempts to refute either model, have them
record it and then discuss it as a class. Make sure that the
source they are getting this information from is credible
first, or use it as an example in class to show why some
information is more hearsay, rather than observed
relationships.

Answer to Question for Comprehension
Student Textbook page 137

Q15. Speciation is the formation of a new species. The two
pathways that can produce a new species are: 
(1) Transformation: Accumulated changes over a long
period of time: a new species develops while the ancestral
or founder one slowly becomes extinct. (2) Divergence:
One or more species arise from the parent species, and
the parent species continues to exist, allowing for
increased species diversity.

Biology File: Try This
Student Textbook page 137

There is a great deal of information available about global
warming. Students’ answers should focus on evolution by
natural selection rather than extinction, noting that there may
be a few organisms with traits that will enable them to
survive, reproduce, and pass the traits that enhance survival in
a radically changed environment on to their offspring. If the
climate change is abrupt, there will likely be a small number
of these organisms. Those who were perfectly adapted to the
old conditions will likely have a very hard time surviving and
passing their genes on to the next generations.

Suggested Web links can be found at
www.albertabiology.ca, Online Learning Centre, Instructor
Edition, Teacher Web Links,

Biology File: Web Link
Student Textbook page 138 

The greenish warblers are an example of a ring species, much
sought-after by evolutionary researchers as a key exemplar of
the process. The warbler populations in question are found in
a ring around the Tibetan Plateau. The variations in the
populations indicate that the birds arrived in one location
originally, and, as they extended their range in both directions
around the obstacle, the populations developed different
traits. Where the two diverging populations meet on the other
side, they are sufficiently different, particularly in terms of
their song, that they do not mate, thus forming separate
species. 

Other differences include subtle variation in wing bars
and differences in genetic characteristics.

Answer to Question for Comprehesion
Student Textbook page 139

Q16. A bird’s call is considered to be a biological barrier that
keeps species reproductively isolated. Bird calls are a key
part of the mating process, and the distinctive calls of
each species of bird ensure that they only mate with
members of their own species.

Thought Lab 4.5: Leopard Frogs: One 
Species or Seven?

Student Textbook page 139

Purpose 
Students will use a variety of sources to gather and record
information about various species of leopard frogs and
communicate their findings.

Outcomes
■ 20–B2.2s
■ 20–B2.4s

Advance Preparation

When to Begin What to Do

One week before investigation ■ Book computer lab or
library

■ Photocopy BLM 4.3.3:
Thought Lab 4.5: Leopard
Frogs
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Time Required
80 minutes 

Helpful Tips
■ Use BLM 4.3.3: Thought Lab 4.5: Leopard Frogs: One

Species or Seven? Modify as necessary.
■ Links to slides of the various species of leopard frogs and

sound clips can be found at www.albertabiology.ca,
Online Learing Centre, Instructor Edition, Teacher Web
Links.

■ Show images of the various species of leopard frogs and ask
students if they think they are related. Play the sound clips
a few times and continue the discussion. Have students
conduct their own research in the library or computer lab.

Answers to Analysis Questions 
1. Male frogs use distinctive calls to attract mates of the

same species. Females will respond only to the mating
calls of males of their own species. 

2. Summary of differences/similarities between the species 

Background: 

Northern Leopard Frog (Rana pipiens)
■ 50 – 100 mm long, dark spots surrounded with lightly

coloured rings (halos); whitish belly; green (or
sometimes brown) background.

Southern Leopard Frog (Rana sphenocephala)
■ 75 – 125 mm long; distinguished from the northern

leopard frog by light spot in centre of tympanum
(external “frog eardrum”), longer pointed head and only
a few dark spots on the side of its body; breeding occurs
all year:

Florida (Rana sphenocephala sphenocephala)
■ Populations of southern leopard frog in Florida have

been given their own subspecies classification; these
species cannot be easily distinguished from other species
of southern leopard frog. 

Rio Grande (Rana berlandieri)
■ Medium-sized frog reaching lengths in excess of 100

mm; looks similar to the plains and southern leopard
frogs, except duller in colour of background and spots;
medial inset dorsolateral folds. 

Plains (Rana blairi)
■ Length varies from 51 to 95 mm; stockier than the

northern leopard frog, has a shorter head, and a light
line running along the upper jaw; broken dorsolateral
folds; brownish in colour; small light spot on each
tympanum; breeding occurs all year long.

Ramsey Canyon (Rana subaquavocalis)
■ Up to 150 mm in length, found only in Arizona; green

and olive brown in colour; rough skin; broken dorsal
lateral folds; morphologically indistinguishable from the
Chiricahua leopard frog.

Lowland (Rana yavapaiensis)
■ 46 – 86 mm in length; colour ranges from tan, brown,

light green to bright green; large dorsal spots with no
light halos; no spots on head in front of eyes;
dorsolateral folds are broken; faint light stripe on upper
lip; breeds January–April; 

Assessment Options
■ Assess answers to Analysis questions .
■ Use Assessment Checklist 7: Independent Research (see

Appendix A).

Answer to Question for Comprehension
Student Textbook page 140

Q17. The rise and fall of a lake over many thousands of years
will create many isolated pockets of water. These will
have different environments, within which individuals
will have to successfully adapt. Because of the differences
in selection, new species can arise because of the
geographical isolations. Different selective pressures will
eventually create different species.

Section 4.3: Review Answers
Student Textbook page 142

1. For speciation to occur, two populations must be
prevented from interbreeding. This means that the
populations must become isolated from one another
through geographical or biological barriers. If the
populations remain isolated long enough, speciation will
eventually occur because of changes accumulated in the
population due to natural selection. When this happens,
individuals in one population are no longer able to
reproduce successfully with the other population.
Geographical barriers, such as mountain ranges and rivers,
prevent interbreeding and result in speciation because
they keep populations physically separated. 

2. Student drawings should show two pathways. One should
illustrate that speciation is the result of accumulated
changes over a long period. A new species develops, while
the old species is gradually replaced (eg., Mammoth: the
ancestral mammoth → steppe mammoth → woolly
mammoth. 

The second pathway should show biological diversity
increasing because one or more species arise from the
same parent species. For example, the Hyracotherium that
lived about 50 million years ago is thought to be the
ancestor for horses, tapirs, and rhinoceroses.

3. A geographical barrier prevents populations from
interbreeding. This is quite different from habitat
isolation, in which two species can occupy the same
geographic range but will occupy different habitats and
niches within it. 
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