Unit 2
Transformation, Genetics
and Evolution

Overview
Transformation is a theme that is central to Indigenous knowledge. It recognizes
the dynamic, fluid and creative forces at play in the natural world. Evidence of the
significance of transformation can be found in the origin or creation stories of most
First Peoples. These usually tell of an ancient time when people and animals could
communicate and transform shape. In some stories, beings often called Transformers
or Tricksters in English transformed the earth into an environment where people
could live. In reciprocation, the people promised to always care for the land.
The reproduction of genetic code and the processes of evolution can be seen as
transformations at different scales. Thanks to the creative forces of evolution, there is
a diversity of plants and animals.
Interconnectedness is another theme closely tied to genetics and evolution.
A fundamental principle of evolutionary biology is that all things are related.
Through the understanding of DNA – the building blocks which all organisms
share – and the relationships of organisms through the evolutionary processes,
interconnectedness is undeniable.
Biodiversity is closely linked to the transformations brought about through genetics
and evolution.

Guiding Questions
• How do First Nations perspectives and knowledge relate to the theory of
evolution?
• In what ways do First Nations stories relate to the relationships between
organisms, the common ancestor concept and how organisms change over time?
(sharing stories)
• How are biodiversity and evolution interconnected?
• How has the genetic biodiversity of organisms due to BC's diverse geography
helped BC First Peoples sustain life for thousands of years?
Secondary Science First Peoples • FNESC/FNSA
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Relevant BC Learning Standards for Senior Secondary Science
Course
Science 10

Key Content Standards
•
•
•

•
Life Science 11

DNA structure and function
Patterns of inheritance
Mechanisms for the diversity of
life: mutation and its impact on
evolution; natural selection and
artificial selection
Applied genetics and ethical
considerations

Microevolution:
• Adaptation to changing
environments
• Changes in DNA
• Natural selection
Macroevolution:
• Speciation
• Processes of macroevolution
• Evidence for macroevolution

Anatomy and Physiology 12

•
•

DNA
Gene expression

Key Curricular Competencies
Questioning and predicting:
• Make observation aimed at identifying
their own questions, including
increasingly abstract ones, about the
natural world.
Planning and conducting:
• Collaboratively and individually plan,
select and use appropriate investigation
methods, including field work and lab
experiments, to collect reliable data.
Processing and analyzing data and
information:
• Experience and interpret the local
environment;
• Apply First Peoples perspectives and
knowledge, other ways of knowing
and local knowledge as sources of
information
Evaluating:
• Consider social, ethical, and
environmental implications of the
findings from their own and others’
investigations
Applying and innovating:
• Contribute to finding solutions to
problems at a local and/or global level
through inquiry
Communicating:
• Express and reflect on a variety
of experiences, perspectives, and
worldviews thorough place.
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Resources
For further information on these resources, see the annotations in the
Bibliography, beginning on page 273.

Suggested Resources
Classroom Resources
• A variety of images of living things, some closely related, some, such as wolf,
husky, cedar, salmon.
Narratives
• First Nations origin and creation narratives, such as:
ºº The woman who fell from the sky
ºº Raven and coyote origin stories
ºº Raven Steals the Light. Told by Bill Reid and Robert Bringhurst.
Canadian Museum of History website with permission at
https://bit.ly/2R7YVoj
ºº The Winter Hunter and the Mosquitoes. Franz Boas, Tsimshian
Mythology, 1916. Online at archive.org: https://bit.ly/2FyD7kD
ºº The Winter Hunter and the Mosquitoes. Canadian Museum of History,
condensed version, adapted from the version published by Franz Boas.
Online at https://bit.ly/2Dj9z8d
ºº Stories from People of the Land: Legends of the Four Host First Nations.
Theytus, 2009.
Print
• Amaron, Beryl. More Than Useable Tools: Towards an Appreciation of
Nłe?kepmx Fibre Technology as a Significant Expression of Culture. UNBC
Masters Thesis, 2000. Linked at https://bit.ly/2ZiD8Px.
• Globe and Mail. “Microbe reveals ‘major new branch’ of evolutionary tree,
Halifax researchers say,” November 14, 2018. https://tgam.ca/2Hs2lmo
• King, Thomas. The Truth About Stories. House of Anansi, 2003. Also as
podcast, The Truth About Stories. CBC Massey Lectures, 2003.
https://bit.ly/2Q30IKY
• Kokanee of British Columbia. Wild BC, 2004.
• Olsen, Sylvia. Working With Wool. Sono Nis, 2010.
• People of the Land: Legends of the Four Host First Nations. Theytus, 2009.
• Taking Nature's Pulse: The Status of Biodiversity in British Columbia.
Biodiversity BC website. https://tinyurl.com/fnesc20.
Websites
• The Truth About Stories. Thomas King https://bit.ly/2Q30IKY.
• First Voices. http://www.firstvoices.com
• Genetics Home Reference site. https://tinyurl.com/fnesc14.
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• Williams, Shawna. "Study Finds Epigenetic Differences Between HatcheryRaised and Wild-Born Salmon," The Scientist, 2018. https://bit.ly/2XpW8uM
• Golden Spruce narrative at artist April White website (www.aprilwhite.com)
at https://bit.ly/2KsIbsj
• McKnight, Zoe. "Whatever Happened to Haida Gwaii's Revered Golden
Spruce?" The Vancouver Sun, 09-29-2012. https://bit.ly/318WQyH
• Kiidk'yaas, the Golden Spruce. Atlas Obscura. https://tinyurl.com/fnesc57.
Extracting DNA websites
• Extracting DNA from Strawberries Experiment. The Home School Scientist,
2012. https://bit.ly/2HH77uw
• How to Extract DNA From Anything Living. Learn.Genetics, University of
Utah. https://bit.ly/2SPwfGo
• Squishy Science: Extract DNA from Smashed Strawberries. Scientific
American, 2013. https://bit.ly/2DI9USI
Stickleback websites and videos
• BC Species and Ecosystems Explorer. https://tinyurl.com/fnesc55
• Making of the Fittest: Evolution of the Stickleback Fish. 15:38 min.
BioInteractive Video https://www.youtube.com/watch?v=Pv4Ca-f4W9Q
• Meet the Threespine Stickleback, linked at https://tinyurl.com/fnesc50.
• Natural Selection Still Going Strong. https://tinyurl.com/fnesc51.
• Stickleback Evolution Virtual Lab app. iOS app
• Stickleback Pairs Fact Sheet. https://tinyurl.com/fnesc53
• "Stickleback Species Pairs." This 6 page illustrated brochure was published by
the BC Government in 1999. https://tinyurl.com/fnesc52.
Evolution of Corn websites
• Evolution of Corn. Learn.Genetics. https://bit.ly/2rAtVDi
• "Tracking the Ancestry of Corn Back 9,000 Years." The New York Times,
2010. https://nyti.ms/2OuacTD
• "A Single Domestication For Maize Shown by Multilocus Microsatellite
Genotyping." Proceedings of the National Academy of Sciences, 2002.
https://bit.ly/2HDAkq6
The Story of the Salish Woolly Dog websites
• The Fort Victoria Journal. http://www.fortvictoriajournal.ca/gallery.php
• Rare Woolly Dog Hair Found in Coast Salish Blanket. Burke Museum, 2017.
1.23 min. https://youtu.be/W-7xcnyaZmU
• Barsh, Russel. The Coast Salish Woolly Dogs Historylink.org, 2016.
https://tinyurl.com/fnesc11.
• Early Canid Domestication: The Farm-Fox Experiment. Lyudmila N. Trut.
American Scientist, Vol. 87, No. 2, pp. 160-169 . https://bit.ly/2XdBYUE
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Blackline Masters
2-1 Levels of Biodiversity
2-2 Combination Notes
2-4 Cladograms
2-5 Marine Animals
2-6 Forest Animals

Outline of Activities
2.1 Start with a Story – Transformation Narratives
2.2 Transformation, Genetics and Evolution
2.3 Connecting Evolution, Biodiversity and First Peoples
2.4 Representing Relationships: Cladograms
2.5 Stickleback Stories
2.6 The Story of the Salish Woolly Dog
2.7 The Evolution of Corn
2.8 Fisheries or Conservation Officer Interview
2.9 Further Topics for Inquiry
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Suggested Activities

Note: There are more activities here than most teachers will incorporate into
their units. It is not expected that you will use all of the activities, or follow
the sequence as it is described. These activities are intended to be adapted to fit
the needs of your students and classroom, as well as inspire ways that you can
respectfully include relevant Indigenous knowledge and perspectives in your
course.

Activity 2.1
Start with a Story: Transformation Narratives



Foundations
For more about
protocols for inviting
First Nations Elders and
knowledge-keepers into the
class, see page 19.
For ideas about using
Narratives, see page 24.



Formative Assessment
Strategy
Are students able to verbally
explain why specific protocols
are important to follow when
a knowledge-keeper visits a
classroom?

Students will experience a traditional First Nations narrative that illustrates
transformation.
a. If possible, invite a local First Nations storyteller to tell a story that includes
the idea of transformation.
• Ensure that the visitor is informed about the topic, and understands
the purpose of the activity. Discuss with them what they would like to
contribute to the learning conversation. This may be personal stories,
traditional stories or experiences.
• Ensure that the students are responsive with questions at the end. This
can also be done by having students send questions to the storyteller
beforehand.
• Be sure to discuss any individual roles students need to preform before
during and after the visit, such as meeting the speaker at the door of the
school, guiding them to the classroom, making sure they are comfortable,
behaviour expectations during the visit, observing protocols around
compensation, etc.
• For more information about protocols for inviting First Nations Elders and
knowledge-keepers into the class, see Part One, Foundations, page 19.
b. If it is not possible to meet with a storyteller, have students read or listen to
a traditional narrative that includes the theme of transformation. If possible,
find a story that comes from your local region.
c. For a unique perspective on stories and storytelling, students can experience a
traditional creation story told by Thomas King from his book The Truth About
Stories. He compares the story The Woman Who Fell From the Sky with the
creation story from Genesis.
• If possible, students can listen to Thomas King tell the story. It is available
as a podcast online at https://bit.ly/2Q30IKY
ºº The pertinent section starts at 17:30 minutes. There are several places to
stop, but one suggested place is at the 36:30 minute mark.
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• Alternatively students could read the section in the book, or you could read
it aloud to them. The section begins on page 10 starting at “So you have to
be careful with the stories you tell.” and the suggested ending is on page 23
after the second paragraph.
• Discuss with the class how the stories reflect the values of the societies that
created them.
d. After listening to, reading or viewing the story, have students discuss or record
their initial reactions. Ask questions such as:
ºº What impressed you about this story? What did you find interesting,
curious, surprising?
ºº What questions do you have about the story?
ºº How does this story reflect place? In other words, how are things like the
geography, climate, plants and animals where the people live reflected in
the story?
ºº What does this story have to do with science?



Formative Assessment
Strategy
Use the Think-Pair-Share
strategy to assess students’
initial understanding of the
narrative.

d. Have students read or listen to the story again. Ask them to identify examples
of Indigenous scientific knowledge that are embedded in the story.
e. Discuss how the idea of transformation is dealt with in the story.
• What aspect of existence is described in this story?
• How does this transformation change over the course of the story?
• What outside force or influence caused this transformation? Is there a
source of energy that causes the transformation?
• How did the changes that occurred impact the aspect of existence or
the world in general? If not stated explicitly in the story, state your own
opinion.
f. Have students work cooperatively to compare different transformation stories.
They could use the jigsaw strategy.
• Students could work in expert groups, with each group reading or listening
to a different story. Students would then move into sharing groups with
each member describing the story they studied in regards to the aspects of
transformation and Indigenous scientific knowledge found in the story.
The following are some suggested narratives that you could use for students to
consider the concept of transformation. These are just a few examples to suggest
how transformation narratives might be used.
The Winter Hunters and the Mosquito
Summary: In this Ts’msyen story a group of hunters and their wives encounter
a village of unusual people in the mountains. After one of their babies dies, the
people escape the village and cause avalanches to destroy the people, who they
discover are mosquito people (but human size). They kill the chief and throw his
remains on the fire. The ashes are transformed into tiny mosquitoes.
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• There are two printed versions of the story.
ºº The original version in Franz Boas, Tsimshian Mythology, published in
1916. Available online at archive.org: https://bit.ly/2FyD7kD
ºº Canadian Museum of History, condensed version, adapted from the
version published by Franz Boas. Online at https://bit.ly/2Dj9z8d
• Examples of Indigenous scientific knowledge embedded in the narrative
include:
ºº making and using snowshoes for mobility
ºº understanding the nature of snow that can cause dangerous avalanches
ºº shells can be used to make knives.
ºº the significance of the number four
ºº the physiology of the mosquito, especially the proboscis
• The main transformation is the creation of the mosquitoes as we know
them from the ashes of the chief of the mosquito people. The energy
causing the transformation appears to be fire. Other transformations could
include the change of snowbanks into an avalanche, caused by the people
loosening the snow, and the forces of gravity. Students may also consider
that the Chief ’s heart was transformed into a separate entity when it was
removed from his body.
• A different version of the origin of mosquitoes is found in the book People
of the Land: Legends of the Four Host Nations. The Musqueam story Qelqelil,
pages 53-68, tells how some careless children are captured by an old giant
woman to be cooked for her dinner. However, they manage to push her
into the fire and her ashes are transformed into mosquitoes, and like the
old woman, are always seeking blood.
Spences Bridge story of Transformers: Sesulián and Sekúlia
Summary: In this piece from a very old narrative, two Transformers visit the
Fraser River near Lytton to teach humans how to make and use tools. One man
made fun of the Transformers, so they transform him, his house and family into
stone.
• Find this story reprinted in Beryl Amaron, "More Than Useable Tools:
Towards an Appreciation of Nłe?kepmx Fibre Technology as a Significant
Expression of Culture" (UNBC Masters Thesis 2000), pages 179-180 (pdf
pages 185-186) available at https://bit.ly/2ZiD8Px. Also in the original
1917 publication at archive.org: https://bit.ly/31fx0Jy
• Some features of note in this story:
ºº The people lived in "underground lodges," also known as pit houses.
ºº It refers to a particular breed of dog that didn't bark. Presumably
evidence of selective breeding of canines by First Peoples. See Activity 2.6
below.
ºº People were punished for being disrespectful.
ºº Stories are linked to the land, evidenced by the impressions of human
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feet that can be seen in the rocks in the area. Presumably a rock
formation today represents the people turned to stone, although that is
not mentioned in the story.
ºº The Transformers instructed the people by making patterns.
Raven Steals the Light
This is a very well-known story, shared by many First Nations. One accessible
source is the Haida version, told by Bill Reid and Robert Bringhurst. It is
reproduced on the Canadian Museum of History website with permission at
https://bit.ly/2R7YVoj
Stories from People of the Land: Legends of the Four Host First Nations
The Transformer Story of Lil’wat People: Creation of Lil’wat Territory, pages
13-19.
• Two brothers and their sister, known as the Transformers, shaped the land
of Lil’wat people, leaving landmarks that can be identified today. At the
same time, they instruct the people on how to harvest resources from the
land.
Coyote, (Lil’wat), pages 22-43.
• This story tells different adventures of Coyote, the trickster/transformer
character. First, he attempts to create a son out of different materials from
the land – mud, rock, pitch and finally cottonwood bark (teaching an
understanding of the different properties of these materials).Then Coyote
and his son go on a journey and a variety of transformations happen along
the way.
The Young Girl That Transformed into a Wolf (Musqueam), pages 49-50.
• A short version of story in which a girl, tired of always having to hunt deer
for her family, transforms into a wolf.
Qelqelil (Musqueam), pages 53-68. See notes under The Winter Hunters and
the Mosquitoes, above.
Smwkwa’a7 The Great Blue Heron (Squamish), pages 75-78.
• The Transformers are preparing the world for the coming of the people, and
the transform a grumpy old man into the Great Blue Heron.
Sch’ich’iyúy The Sisters Mountain (Squamish), pages 82-90.
• This tells the story of the transformation of two sisters into the two
prominent mountain peaks visible from Vancouver, called by the Squamish
the Sisters, but commonly known today as the Lions.
Tsleil-Waututh Nation Story of Creation, pages 97-101
• The first man and woman are created as a result of transformations of
aspects of the natural world.
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Activity 2.2
Transformation, Genetics and Evolution



Foundations
Find out more about
First Peoples perspectives on
Transformation, page 16.

a. Thinking about Transformation.
To delve deeper into the concept of Transformation from an Indigenous
perspective, you can use one or more of the activities found in Activity 1.3,
Circles of Life: Transformation and Renewal (Unit 1, page 42).
b. Ask students what transformations are involved in genetics. What
transformations are involved in evolution? (For example, genes transform
elements and molecules into proteins – gene expression – which then go on to
transform the body in myriad ways. In evolution, one form of an organism is
transformed into a new and unique form over time.)
• If you are just beginning the study of these topics, you could return to the
questions later in the unit.
C. Ask students to identify some of the effects of genetic transformations on
the natural world. Encourage them to think of a diversity of effects (e.g.
responsible for evolution; brings about diversity in living things; sometimes
has negative effects).
d. Discuss how genetic transformations might be viewed from an Indigenous
perspective and a Western science perspective. Would there be similarities
and differences? (For example, an Indigenous view might take a holistic
perspective, looking at the big picture, while Western science may focus more
on the specific processes involved. An Indigenous perspective may also take in
other dimensions such as spiritual connections.)

Lab Activity

"


Formative Assessment
Strategy
Use students' questions to
assess their understanding
of the connections between
transformation, genetics and
evolution.
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e. Extracting DNA Lab
Students can conduct a lab activity that involves extracting the DNA from
organic matter. There are a number of online sites that provide directions for
such an activity. They involve a series of steps using readily available chemicals
such as laundry detergent and rubbing alcohol to precipitate strands of DNA.
Some sites are:
• Extracting DNA from Strawberries Experiment. The Home School
Scientist, 2012. https://bit.ly/2HH77uw
• How to Extract DNA From Anything Living. Learn.Genetics, University of
Utah. https://bit.ly/2SPwfGo
• Squishy Science: Extract DNA from Smashed Strawberries. Scientific
American, 2013. https://bit.ly/2DI9USI
e. Have students formulate some questions they have about the role of
transformation in genetics and evolution. They may work individually, in
groups or as a whole class.
• Discuss how these questions might be answered.
• Return to these questions at the end of the unit. Have students reflect on
how they have been answered, or transformed into further questions.
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Activity 2.3
Connecting Evolution, Biodiversity and First
Peoples
a. Discuss with students what they understand about the concept of biodiversity.
You could hold a class discussion, students could work in groups to come up
with a working definition, or students could work individually to reflect on
their own understanding of the term.
b. Have students consider three levels of biodiversity: genetic diversity, species
diversity and ecosystem diversity. (Note that some sources include a fourth
level, functional diversity, which is how species get food and use the resources
of an ecosystem.)
• Students can use Blackline Master 2-1, page 78, Levels of Biodiversity, to
help develop their thinking.
• Students can use their background knowledge to suggest some aspects of
the three components.
• Discuss ways that the three levels are connected. (For example, they
demonstrate different levels of viewing organisms; the health of biodiversity
of each level is interconnected; all the elements work together.)
• After students have considered the three levels on their own, they can read
more about them in the document Taking Nature's Pulse: The Status of
Biodiversity in British Columbia. See pages 6-7 (pages 38-39 of the PDF).
ºº Taking Nature's Pulse is a 2008 document that gives background to
what biodiversity is from a BC perspective, and analyses the state of
biodiversity as it was at that time. Section 2.4 focuses on genetic diversity
in BC.
ºº The document is available at the Biodiversity BC website, www.
biodiversitybc.org or linked directly at https://tinyurl.com/fnesc20.
• Ask students what role interconnectedness plays in the components of
biodiversity.
• Ask students to represent the three levels of biodiversity in a diagram or
illustration. Note that Taking Nature's Pulse uses a pyramid to represent the
relationship. Ask students to suggest other forms they could use to illustrate
the relationships between the three levels.
c. Biodiversity Walk.
• Take students on a biodiversity walk around the school or neighbourhood.
Ask them to view their environment through the lens of biodiversity.
• They can work individually or in groups to see how many different species
they can observe.
• Ask questions such as:
ºº What do you observe when you take a broad or wide-angle view of the
ecosystem?
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Formative Assessment
Assess students' prior
knowledge of "biodiversity."
Students can assess how
well they understand the
meaning and importance of
biodiversity. Later they can
review their understandings
to assess their growth.



Blackline Master 2-1,
page 78, Thinking
About Biodiversity



Taking Nature's Pulse,
Biodiversity BC. Online at
https://tinyurl.com/fnesc20



Land-based Activity

Biodiversity Walk
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ºº What do you observe when you take a close-up view? (If you have
magnifying glasses students could use them to view a part of the soil or a
tree.)
ºº Did you see evidence of a species, but not the species itself? (For
example, nest, cocoon, web)
• After the walk, either in the field or back in the class, discuss the
species they might have missed. Ask them to estimate the percentage of
biodiversity that they did not see or was hidden.
ºº Haves students read, or read to them if you don't have copies in the field
the text box on page 88 (PDF page 120) of Taking Nature's Pulse. (It
explains that it is estimated that every square meter of soil in BC has 2
million invertebrates living in it.)
ºº Discuss the role that these hidden invertebrates play in an ecosystem.
What could happen if there is a loss of biodiversity?
• Students can write a reflection or journal entry noting two or three things
the felt or thought about on their biodiversity walk.
d. Discuss how geography impacts genetic biodiversity in British Columbia.
Background: BC's diverse geography, with many island and isolated mountain
valleys, as well as a variety of climates, have been like a laboratory for genetic
variation. In many unique ecosystems organisms have adapted to their local
habitat.
• Ask students to consider why BC's geography has resulted in a wide
range of genetic diversity. (For example, the geography presents different
environmental challenges that species have adapted to in diverse ways.)
• Students can use Taking Nature's Pulse to learn more about the genetic
diversity in BC.
ºº See pages 74- 81 (PDF pages 106-113) and Genetic Diversity, pages
218-219 (PDF pages 250-251).
• Discuss the connections between BC's geography and the evolution of
species in BC.
e. Importance of Biodiversity to First Peoples.
• Ask students to suggest reasons why biodiversity was, and is, important for
First Peoples. They can work in pairs or groups to brainstorm some ideas.
• Have students Section 1.3 of Taking Nature's Pulse, pages 11 to 15 (43-47
in the PDF) to learn more about why it is important.
• Students can create a web or mind map to show ways that biodiversity is
important to First Peoples. Responses could include:
ºº maintaining the natural world was essential for life in the past
ºº has an impact on resources of life, including food, technology and
medicine.
ºº wealth of plants and animals important to world view, such as
responsibility to care for the natural world
ºº reflected in social structure and arts
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ºº diversity impacted how the land was used as people moved to different
ecosystems to harvest different resources.
f. Salmon Genetic Diversity
Pacific salmon are extremely important resources for many BC First Peoples.
The different species of salmon and steelhead have a tremendous amount of
genetic diversity. Maintaining this diversity is essential for maintaining salmon
stocks and ensuring they can adapt to changing conditions in the future.
• Ask students to think about how diverse Pacific salmon are genetically.
For instance, you could ask, "How different do you think salmon are
genetically?"
• Student responses will depend on their prior knowledge of salmon species.
If students are familiar with the different species of salmon, they may
suggest that each species is genetically different.
• If students have read Genetic Diversity, pages 218-219 (PDF pages
250-251) in Taking Nature's Pulse in Activity c) they will recall that
according to that 2008 document there more than 400 genetically distinct
populations among the five species of salmon.
ºº If they haven't read it, you can explain it to them, or have them read it
themselves.
• If students are not familiar with the species of salmon and other salmonids
such as steelhead, give them an opportunity to find out about some of the
characteristics of each species.
ºº The Pacific salmon species in BC are: chinook (spring), chum (dog),
coho, pink (humpback), sockeye. Kokanee are land-locked salmon. Also
related are steelhead and cutthroat trout, sea-going species of trout.
ºº You could connect the study of species of salmon with the concept
of speciation, the evolutionary process of organisms evolving to form
distinct species.
• Ask students to predict what features of a salmon's life history or behaviour
might be influenced genetically. Some of those features are:
ºº size
ºº age at maturity
ºº anadromous or not
ºº timing of migration to sea
ºº direction fry swim when they hatch- upstream or downstream
ºº resistance to pathogens
ºº homing to natal stream has some genetic component, not fully
understood
• Students could investigate the evolutionary story of the kokanee. See
the book Kokanee of British Columbia (Wild BC), Activity 3, "Why Did
Kokanee Evolve From Sockeye Salmon."
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Formative Assessment
Strategy
Use the Combination Notes
activity to assess students
understanding of biodiversity
and its connections with
genetics and evolution.

g. Combination Notes
• Students can use Blackline Master 2-2, page 80, Combination Notes
to review and summarize what they have learned about the connections
between biodiversity, genetics and evolution.
• When they have completed the activity, ask students to reflect on which
of the four sections they found the easiest to complete. Ask, why were you
most successful at that thinking skill?

Activity 2.4
Representing Relationships: Cladograms
The term "All My Relations" is used by many First Peoples to recognize the
interconnectedness we have between each other and other species. It also recognizes and honours the people and relationships in our past that helped to shape
who we are and have become.
Scientists sometimes use a graphic representation of organisms to indicate
relationships, called cladograms. In this activity students use the technique of
constructing a cladogram to find evidence of evolutionary relationships.
a. Begin the lesson by displaying images of two closely related organisms, such as
a wolf and a husky. As a class have students brainstorm a list of characteristics
that these animals share. (For example, fur, eyes in front, four legs, tail.)
b. Next show a pair of images for two organisms that are not closely related,
such as a salmon and a spruce tree. Ask students to brainstorm characteristics
that these organisms share. (Examples may be fewer and harder to come up
with, but possible responses could be that they are composed of cells, they are
living, they reproduce, they are carbon-based.)
c. Discuss the differences between the two comparisons. Ask, “What conclusions
about how these organisms are related can you draw from the evidence
provided in these comparisons?” (Students will likely suggest that wolves and
huskies are more closely related to each other than salmon and cedar because
they share a greater number of common characteristics.)
d. Ask students to consider what characteristics might be identified from an
Indigenous Science perspective. (For example, for some First Nations, all play
a role in the interconnectedness of a traditional lifestyle; they are all significant
in the cultural and spiritual life of the First Peoples.)



Blackline Master 2-3,
page 81, Derived
Characteristics
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e. If students are unfamiliar with constructing a cladogram, they could use
Blackline Master 2-3, page 81, Derived Characteristics, to help them think
about shared traits in a number of organisms.
• The top diagram models the organisms in the discussions above. Make sure
students understand the significance of the concentric shapes.
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• Students can then decide on four different organisms to put in the bottom
diagram, using a similar refinement of traits. Then they can share with a
partner and have them identify the traits they see.
f. Students then build a cladogram. They can draw their own diagram, or use
Blackline Master 2-4, page 82, Cladograms.
• If students are not familiar with cladograms, explain that they are a way to
work out relationships between organisms. It shows how closely or distantly
organisms are relation in respect to their evolution.
• If students have worked with Blackline Master 2-1, they can transfer the
information to the top cladogram on Blackline Master 2-2, or their own
diagram.
g. Have students work in groups of three or four and distribute a selection of 4
to 6 organism images. You could use Blackline Master 2-5, page 83, Marine
Animals and Blackline Master 2-6, page 84, Forest Animals, to make cards.
Students can chose which organisms to work with, or you could distribute
them randomly. Alternatively, students could just work with the names of the
animals without images.
• Each group will create as many pairings of these organisms as time allows
and decide which of the organisms are more closely related by the number
of common characteristics they can come up with.
• Have students create a cladogram using the animals they have chosen or
been presented with.
• Each group will report which pair they thought were most closely related.
• Key to animals on Blackline masters:
ºº Marine Animals: cod, crab, octopus, shrimp or prawn, halibut, abalone,
sea urchin, cockle (or clam), salmon, chiton.
ºº Forest animals: grizzly bear, beaver, elk, squirrel, loon, moose, porcupine,
rabbit or hare, deer, blue jay



Blackline Master
2-4, page 82,
Cladograms



Blackline Master 2-5,
page 83, Marine
Animals
Blackline Master 2-6, page
84, Forest Animals

h. Discuss how a cladogram is different from an evolutionary tree. (For
example, evolutionary trees show how an organism is related to ancestors and
descendants; cladogram shows relationships among organisms.)
i. Student may be interested to learn about a recent scientific discovery of a
microbe that represents a new branch of the evolutionary tree. Rather than
giving the organism the usual Latin name, the Dalhousie University scientists
who discovered it named it for an important creature in Mi’kmaq cultural
traditions. The new discovery is named Hemimastix kukwesjijk.
• Students can find out why a Mi’kmaq name was chosen, and what this says
about the relationship of scientists today with First Nations.
• Have students find out the position of this microbe on the evolutionary
tree. Ask why its discovery surprised scientists.
• One source is a newspaper article “Microbe reveals ‘major new branch’ of
evolutionary tree, Halifax researchers say” Globe and Mail, November 14,
2018. https://tgam.ca/2Hs2lmo
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Mi'kmaq (Migmaq, Micmac)
are the First Nations whose
territories include the
Maritime provinces, the
Gaspé Peninsula of Quebec
and northern Maine.
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Activity 2.5
Stickleback Stories
The stickleback is an excellent example of adaptation to the environment, and
also of speciation. It is an especially good example of the effects of geographic
isolation on genetic adaptation in BC. BC has a number of rare species of
stickleback that are only found in one or two lakes. More than that, they have
evolved into two separate species adapting to different habits within the lake.
a. Ask students if they are familiar with a fish called the stickleback. Explain that
it is a fish of great interest to scientists because of its noticeable adaptations to
different habitats.



Cross-Curricular Link
This question could
link to the study of the effects
of colonization in secondary
Social Studies courses.

b. Ask students if they know where the community of Sooke, or the T’Souke
First Nation is located. Explain that the name of the people comes from
t’souke, the traditional name of the stickleback fish in the T'Souke language.
The small fish are found in the Sooke River estuary.
• Chief Gordon Planes has said that the T'Souke people are like the
stickleback fish because they are small but strong and stick together. Rather
than going extinct they thrive in the ever-changing environment.
• Ask, how might transformations of the lives of First Nations through
colonization be like the evolutionary transformations of the stickleback?
c. Have students investigate the similarities and differences between marine and
freshwater stickleback species. Here are some suggested resources:
• Natural Selection Still Going Strong. This website has an infographic
that illustrates the differences in morphology and shows the genetic
connections. https://tinyurl.com/fnesc51.
• Meet the Threespine Stickleback, linked at https://tinyurl.com/fnesc50.
This 3 minute video explains and illustrates the differences. Note that the
video is part of a unit, and the ending refers to an activity that will not be
relevant to your students.
• Discuss the purpose of the stickleback's armour – the lateral plates and
spines. (Spines and armour plates allow for protection from predators.)
• Students can illustrate the two types of stickleback, labelling the features
that are evidence of evolutionary adaptation.
d. Species Pairs: The BC Stickleback story.
• Explain that in a few BC lakes the freshwater stickleback have evolved
into two different species. One is benthic, that is, it lives on the bottom
of the lake. The other is limnetic, living nearer the surface. Scientists have
found that they are distinct species, but are closely related. They call them
Species Pairs or Stickleback Pairs. The pairs in each lake where they live are
genetically different from pairs in other lakes.
• Ask student to suggest why freshwater sticklebacks may have evolved into pairs,
with some living in a benthic habitat and others in an open water habitat.
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•

•

•

•

ºº Suggest students think of variables in these habitats that might cause
adaptations.
Students can then find out more about the Species Pairs. For example,
what are the differences between the pairs? Why did they evolve that way?
Students can use one or more of these resources:
ºº "Stickleback Species Pairs." This 6 page illustrated brochure was
published by the BC Government in 1999. https://tinyurl.com/fnesc52.
ºº Stickleback Pairs Fact Sheet. This fact sheet gives detailed information on
one of the BC Species pairs in Vananda Creek. Linked at
https://tinyurl.com/fnesc53.
Discuss how each type of stickleback adapted to its unique habitat.
ºº Ask, What are some of the pressures that cause physical characteristics in
organisms to change?
Point out that the BC Stickleback Pairs are on the BC endangered species
list.
ºº They can explore more about the endangered status of stickleback at the
BC Species and & Ecosystems Explorer, a BC government website. Go
to the link at https://tinyurl.com/fnesc55 and enter "stickleback" into
the name field.
Discuss why scientists are concerned about the loss of a few fish in a
few lakes. (For example, the concept that biodiversity is essential for the
natural world as a whole. The unique fish are just as much as part of the
interconnectedness of life as other organisms.)

e. Students can delve deeper into the genetics of the marine and freshwater
species by using these resources:
• Viewing the documentary Making of the Fittest: Evolution of the Stickleback
Fish. 15:38 min. BioInteractive Video. https://youtu.be/Pv4Ca-f4W9Q
ºº The video follows scientists who use genetic tracking technologies to
explain the differences. They discover the role that gene expression plays.
• Students can engage in a virtual lab. To explore how scientists study
the evolutionary changes in stickleback, students can use the iOS app
Stickleback Evolution Virtual Lab.
ºº Students participate virtually in three experiments dealing with the
changes in pelvic structures in freshwater stickleback.
ºº As well, the app includes background information, tutorials, videos and
quizzes. Available for free on iOS mobile devices at the Apple app store.
f. After they have studied the stickleback, have students engage in an activity
that demonstrates their learning. some suggestions include:
• Tell the story of the evolution of the stickleback in a narrative form. This
could be the evolution of the marine to freshwater, or the freshwater to
Species Pairs, or it could be about both. They could tell the story in a
digital format, as a graphic novel or as a book for younger students.
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Formative Assessment
Strategy
Use one of these activities
to assess students'
understanding of key features
of evolution as exemplified in
the stories of the stickleback
in BC.
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• Create a poster illustrating adaptations of the stickleback and what habitats
these adaptations are best suited to enhance survivability.
• Design a dichotomous key that is a guide to the different species of BC
stickleback.

Activity 2.6
The Story of the Salish Woolly Dog
Students investigate the domestication of dogs, and in particular a unique breed
of dog raised by some BC First Nations to supply hair for weaving textiles.
a. Show students an image of the Paul Kane painting “A Woman Weaving a
Blanket.”
• One good source is the UVic website The Fort Victoria Journal. Scroll
down the page to the gallery titled The Songhees (Lekwungen) and
Clallam. It is the fifth picture in the top row. It can be downloaded and
enlarged to a high resolution. http://www.fortvictoriajournal.ca/gallery.php
• Another source is the web page The Coast Salish Woolly Dogs by Russel
Barsh, at Historylink.org, 2016. Online at https://tinyurl.com/fnesc11.
• Explain that this painting is by Paul Kane, who observed a Coast Salish
person weaving when he visited Fort Victoria in 1847.
• Take this opportunity to ask students to find examples of First Nations
technological inventions, skills, and evidence of Indigenous scientific
knowledge illustrated in the picture. For example, loom and weaving
(properties of textiles), bentwood boxes, spindle whorl (physics).
• Explain that this painting is a rare image of a unique dog known as the
Salish woolly dog (or Salish wool dog). The wool that is being spun and
woven is largely made out of the hair from these dogs, which were bred and
raised especially for their hair.
b. Ask students to write down some questions about the Salish Woolly Dog.
Then have them find out more about how the dogs were raised and utilized.
Sources include:
• Sylvia Olsen, Working with Wool, pages 53-55.
• Russel Barsh, The Coast Salish Woolly Dogs at https://tinyurl.com/fnesc11.
• Andrea Merrill. "Behind the Breed: Salish Wool Dog." Animals of the
Pacific Northwest website, 2019. https://tinyurl.com/fnesc12.
• Coast Salish Wool Dog Poster. UBC Biology. https://tinyurl.com/fnesc13
c. Students can share their findings in groups or with the whole class. Ask
questions such as:
ºº How did the Coast Salish people make sure Woolly dogs didn't
interbreed with other dogs?
ºº Why aren't there Salish Woolly Dogs alive today?
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ºº What does the story of the Salish Woolly Dog tell you about First
Peoples' understandings about selective breeding?
d. Students can present their findings about the Salish Woolly Dog in a project
suitable for elementary school children.
• They should choose their audience: for instance will it be for very young
children or those in Grades 4 or 5?
• They should decide on a format, such as a book, poster, digital presentation
or other format.
• If possible have students share their projects with children of the
appropriate age and get their feedback.
e. Student can research another breed of dog unique to BC, the Tahltan
Hunting Dog. This story has a twist because some people claim to be breeding
this dog today, even though most recognize it as extinct.
f. Students can investigate a scientific study that investigated the transformation
of wild canines into domestic animals. It asks, what factors led domestic dogs
to be tame?
• Have students read the scientific article Early Canid Domestication: The
Farm-Fox Experiment. You could download and prepare copies for students,
or they could read it online.
ºº Article source: Early Canid Domestication: The Farm-Fox Experiment:
Foxes bred for tamability in a 40-year experiment exhibit remarkable
transformations that suggest an interplay between behavioral genetics
and development. Lyudmila N. Trut. American Scientist, Vol. 87, No. 2,
pp. 160-169
ºº The article is available for download at https://bit.ly/2XdBYUE
• Questions for consideration during this case study could include:
ºº Whose intention was it to domesticate the canids: the humans or the
animals? Make a case for both.
ºº Which characteristics were being selected for?
ºº In the domesticated version, which characteristics began to change from
the wild organism?
ºº How did the experimenters ensure that tameness was a result of genetic
change?
ºº How did the ratio of tame to un-tame foxes change over the forty year
experiment?
ºº How does the change in genotype affect the phenotype of the
domesticated organism?
ºº How did domestication affect the hormones produced by the adrenal
glands in the foxes? How did this affect their behaviour?
ºº How did domestication change the breeding patterns of the organisms?
• Bring the class together to discuss how artificial selection of their organism
was completed and how the changes affected future generation.
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Cross-Curricular Link
Mathematics

• Math Connections. Students can extract the data from the article and
creating a graph that shows the relationship between tame and wild
organisms. Students can also use this to draw conclusions as to the success
or failure of the experiment to achieve its purpose.
g. Who selects who? Students can debate the question: Is it the animals or the
people doing the domesticating?
• This can be done as a modified talking circle. After studying one or more
of the activities relating to the selective breeding of canines, students can
develop arguments to support one side of the question.
• Half of the class can develop an argument around the idea that the animals
actually began to domesticate humans for the benefit of the animals
themselves. The idea of who benefits more from the pairing of humans and
domesticated animals is a powerful argument for this side.
• The other half the class can argue that it was in fact the humans who began
the process, being conscious beings.
• First Peoples knowledge of the intelligibility of nature can be discussed in
this activity as well, being used by both sides of the argument.

Activity 2.7
The Evolution of Corn
Students investigate the Indigenous domestication of corn or maize as an
example of artificial selection.
a. Write the following words on the board and ask students what these all have
in common:
avocado, chocolate, corn, peanut, peppers, potato, squash, tomato
• After they have made some suggestions, explain that they are all plants that
were domesticated by Indigenous people in the Americas.
• Discuss how significant these foods are globally. (For example, they are very
common around the world and are fundamental to much of the world's
cuisine.)
• Ask students what kinds of scientific knowledge would people like the
Aztecs and Mayans have had to successfully domesticate these plants. (For
example, they would have had to know how to selectively breed succeeding
generations of plants to produce desired characteristics.)
• Review or introduce the concepts of natural and artificial selection.
b. Have students investigate the story of how corn or maize was domesticated,
and how scientists tracked down the single original plant that all corn is
derived from (teosinte).
• The research could be split up between students, with some finding out
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about how it was domesticated, and others research the genetic archaeology
used to identify its original ancestor.
• Students can find many sources of information about the development of
corn. Some places to start are:
ºº Evolution of Corn. Learn.Genetics. https://bit.ly/2rAtVDi
ºº "Tracking the Ancestry of Corn Back 9,000 Years." The New York Times,
2010. https://nyti.ms/2OuacTD
ºº "A Single Domestication For Maize Shown by Multilocus Microsatellite
Genotyping." Proceedings of the National Academy of Sciences, 2002.
https://bit.ly/2HDAkq6
c. Rather than just focussing on corn, students could also investigate how
artificial selection was used to domesticate other food plants that originated in
the Americas. These plants include:
ºº amaranth, avocado, cassava, chia, chocolate, corn, papaya, peanut,
peppers, pineapple, potato, quinoa, squash, sunflower, sweet potato,
tomatillo, tomato
ºº Note that the domestication of some of these plants is not well
understood and may be more difficult to research.
d. Students can develop their own questions to guide their inquiry. Here are
some suggested questions they could start with:
• What was the intention of the First Peoples in developing this agricultural
resource? How did they inform their decisions?
• Which characteristics were being selected for?
• In the domesticated version, which characteristics began to change from
the wild organism?
• How does the change in genotype affect the phenotype of the domesticated
organism?
• How did domestication change the breeding patterns of the organisms?
d. Students can decide how to present their findings to be shared with the rest
of the class, or another audience. Encourage students to use some kind of
narrative form, presenting the information as a story.
f. You may want to connect the study of the domestication of corn with the
Indigenous knowledge inherent in the Three Sisters story, which involves the
companion planting of corn, beans and squash. See Unit 7, Activity 7.11,
page 199.
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Unit Link
See the Three Sisters
story in Unit 7, Connecting
Food Security and Climate
Change, page 199
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Activity 2.8
Fisheries or Conservation Officer Interview
Field Trip Activity



This lesson will provide students with a grasp of the diversity of living organisms
that exist in their local area and the benefits reaped by the community of this
diversity.
a. Prepare by arranging a visit with a local fisheries officer or conservation from
the community. This could be as a classroom visit by the fisheries officer, or if
possible students could make a field trip to the fisheries office as a field trip or
at a location important to the fisheries department.
b. Identify and set up a time for the local officer from the community to visit the
class, or for the class to visit the officer (weather and access permitting).
c. Prepare the speaker as to the focus of the talk, such as diversity of local
species, harvesting seasons, harvesting techniques, changes in behaviours and
numbers of local species over time.
d. Prepare students beforehand with a discussion on how evolution has created
the diversity of life we see and that this diversity is beneficial to humans and
worth maintaining. (cross reference to ethnobotany unit for discussion on
biodiversity)
• Generate with the class a list of questions that can be asked after the
speaker is finished.
• Multiple students can be given the same question, but all will listen to the
presentation with an ear to answering their given question.
e. If the speaker does not answer the question during the talk, the students are
responsible for asking themselves.
f. If time remains in class after the talk is done, discuss the questions together as
a class.
g. Students can write a report, outlining their findings from both their
research and their interview. This may take the form of a video, digital slide
presentation, or another format chosen by students.
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Activity 2.9
Further Topics for Inquiry
There are many scientists working in the ever-expanding fields involving genetics
and evolution. Students can investigate one of these topics individually or in
groups.
a. What genetic impact did European Contact have on First Peoples?
• Find out about a gene that plays a role in the immune system, the HLADQA1 gene. See Genetics Home Reference site at
https://tinyurl.com/fnesc14.
• This scientific article reports on a genetic study involving the DNA of some
Ts'msyen people in the Prince Rupert area.
ºº "A time transect of exomes from a Native American population before
and after European contact." John Lindo et al. Nature Communications,
2016. Linked at https://tinyurl.com/fnesc56.
b. Are there epigenetic differences in hatchery and wild salmon?
• Students can refer to this article in The Scientist which describes the
study and reactions by other scientists. Shawna Williams, "Study Finds
Epigenetic Differences Between Hatchery-Raised and Wild-Born Salmon,"
The Scientist, 2018. Available at https://bit.ly/2XpW8uM
c. Kiidk’yaas, the Golden Spruce
Kiidk’yaas, The Golden Spruce, was a unique tree that existed on Haida Gwaii
for 300 years. It was a Sitka spruce with a genetic mutation that resulted in
the needles having a golden colour rather than the usual green. When it was
felled by a misguided activist there was a great feeling of loss by the Haida
people and others.
• Possible resources:
ºº Students can see an artistic image of Kiidk’yaas at the website of Haida
artist April White (www.aprilwhite.com). The page includes a summary
of the Haida narrative about this unique tree. Available at
https://bit.ly/2KsIbsj
ºº Zoe McKnight, "Whatever Happened to Haida Gwaii's Revered Golden
Spruce?" The Vancouver Sun, 09-29-2012. https://bit.ly/318WQyH
ºº Kiidk'yaas, the Golden Spruce. Atlas Obscura.
https://tinyurl.com/fnesc57.
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Blackline Master 2-1

Levels of Biodiversity
The word biodiversity comes from biological diversity. It refers to the diversity of living
organisms and their interconnectedness.
The Canadian Biodiversity Strategy defined biodiversity as:
The variety of species and ecosystems on earth and the ecological processes of which they are
a part – including ecosystem, species and genetic diversity. (Source: Taking Nature's Pulse p 5.)
Use this table to record information about the levels of biodiversity

Genetic biodiversity

Species biodiversity

Ecosystem biodiversity

Facts and
Ideas

Examples

Questions
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Blackline Master 2-1 SAMPLE RESPONSE KEY

Levels of Biodiversity

The word biodiversity comes from biological diversity. It refers to the diversity of living
organisms and their interconnectedness.
The Canadian Biodiversity Strategy defined biodiversity as:
The variety of species and ecosystems on earth and the ecological processes of which they are
a part – including ecosystem, species and genetic diversity. (Source: Taking Nature's Pulse p 5.)
Use this table to record information about the levels of biodiversity

Genetic biodiversity

Facts and
Ideas

- foundation of all biodiversity
- toolkit for life
- genes change to adapt to
changes in environment
- changes through natural
selection
- change through random
mutations

Examples

-The white Spirit or Kermode
bear is a genetic variation of
the black bear

Questions

- Why is genetic diversity
called the tool kit for life?
- Why is genetic diversity
important for survival?
- How might genetic
biodiversity react to climate
change?

Species biodiversity
- species are units of genetic
diversity
- mate among themselves but
not with others
- species adapt to habit
through genetics
- species are interdependent
on other species

- The coastal wolf is a
genetically distinct subspecies
of the grey wolf
- The woodland caribou is a
subspecies of caribou

- What causes a new species
to develop?
- Why is it important to have
species diversity?
- What could happen if one
species disappeared?
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Ecosystem biodiversity
- a unique community of many
species interacting as one unit
- made up of land, water,
plants, animals and
microorganisms
- some regions have few
ecosystems (low diversity) and
some have higher diversity of
ecoystems

- A watershed can have a high
diversity of ecosystems e.g.
alpine, forest, river, grasslands,
estuary

- How high or low is the
ecosystem biodiversity in our
region?

79

Blackline Master 2-2

Combination Notes
Record notes about what you have learned in the left column. Use images, sketches or
graphics to illustrate the ideas in the right column. Summarize what you have learned at the
bottom left, and write questions you still have on the bottom right.

Subject
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Notes

Images

Summary

Questions
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Blackline Master 2-3

Derived Characteristics
spruce
salmon
wolf
husky

1. What characteristic do all the
organisms share?

2. What characteristic do
the organisms inside this
ring share?

3. What characteristics
do wolf and husky
share?

4. What makes the
husky different from
the wolf?

Pick 4 organisms and
put their names in the
rings. Ask your partner
to think of what traits
each ring shares.
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Blackline Master 2-4

Cladograms

spruce

82

salmon

wolf

husky
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Blackline Master 2-5

Marine Animals
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Blackline Master 2-6

84

Forest Animals
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