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“Imagine teaching social science
without teaching history; students
would lack perspective on events goin;
.= ON today. Similarly, to understand the
| big picture of biology, students need to
& understand life on Earth in terms of its  @&*
history and its future . . . as well as the
mechanisms that have brought about
those changes” e,

—University of California Museum of P
Understanding E




Goals for the Session

Improve understanding of and increase curiosity
about adaptation and evolution.

Learn to use related scientific terms and refer to
concepts accurately with students.

Recognize some common misconceptions.

Communicate understandings and engage in
meaning-making conversations about evolutionary
theory.

Think about how to make choices about teaching
students with different levels of understanding.




Explaining an Interesting Adaptation
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Looking at Similarities and Differences
in Organisms
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Figure 3. A typical plant cell.




Vertebrate Skeletons
What are similarities and
differences between
skeletons of different
kinds of vertebrates?




Digestive Systems
What are similarities Bird
and differences |
between digestive
systems of
invertebrates and
vertebrates?
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Vascular Systems
What are similarities and differences between
vertebrate, invertebrate, and plant vascular systems?
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Cells
What are similarities and differences between animal,
plant, and bacterial cells?

Bacterial Cell
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Figure 2. A prototypical animal cell. Figure 3. A typical plant cell.




Homologous Structures
Similar structures in
different organisms
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Tree of Life

e Allliving things
on Earth are
related and
share a
common
ancestor.




Tree of Life

It's about change, not
progress.

e Groups at the top
do not represent a
movement toward
improvement of
species.
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Building Blocks for Understanding
Adaptation and Evolution

Using the VISTA mnemonic:
e Variation

* Inheritance

e Selection

* Time

e Adaptation







ed ™ Genetic variation is the raw material for
24 evolution.




Guau guau!




How did all these different strains
come from this ancestor?




VISTA

e Variation: Genetic variation is the raw
material for evolution.

* Inheritance: Parents pass on genes for
traits to offspring.

» Selection

* Time

* Adaptation




Reading About Inheritance

* Alone or with a partner, read the handout.

e Use the cards to either:

— make a “map” of the information as you read,
showing how the ideas on the cards relate to one
another, or

— create a storyline based on the information as
written.

* If partnered, share tasks and read out loud.




VISTA

 Variation: Genetic variation is the raw
material for evolution.

- Inheritance: Parents pass on genes for

traits to offspring.
e Selection
* Time
* Adaptation




Short-Legged Mutation
Short-legged trait in dogs appeared and
was selected for by humans.

—t- - I
3 S L LS TR TR — é; —




Color in Dogs
People have artificially selected for
color variations in dogs.
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Shar-Pei
Its unusual wrinkling of skin was artificially
selected for by humans.




VISTA

 Variation: Genetic variation is the raw
material for evolution.

- Inheritance: Parents pass on genes for
traits to offspring.

- Selection: A pressure that selects for certain
traits in a population by providing a survival
advantage to organisms with that trait

e Time

» Adaptation




Blowholes and Lamarck:
Two Readings




Active Reading Strategy

1. Read carefully and underline parts that seem
iImportant: | notice. ..

2. Write questions you have in the margins:
| wonder . ..

3. Wirite connections you think of in the margins:
It reminds me of ...

4. When you are ready, raise your hand and pair up
with someone else whose hand is raised.

5. Together, discuss what seemed important, your
questions, and the connections you made.




Explanation for Blowholes in Whales (Using VISTA)

Whale blowholes allow air-breathing mammals (whales) to live
full time in the ocean. They can pop up to the surface and breathe
without lifting their heads out of the water and then smoothly
dive back down. How did this adaptation evolve? When you look
at blowholes in a series of ancient whale skulls, you can see the
gradual movement over millions of years. In the earliest whale
ancestor skull, the breathing hole is just a nostril where you might
expect one to be on any land mammal. It took 35 million years for
the breathing hole to move farther and farther back on the skull,
ending up with today’s whales having blowholes on the top of
their skulls.

Using what we know about natural selection (VISTA: Variation,
Inheritance, Selection, Time, Adaptation), we can explain that
some whales may have been born with a mutation for a blowhole
a little farther back on the skull (Variation). Environmental
pressures then selected individuals with this trait to survive and
reproduce more successfully (Selection). What were those
pressures? Whale ancestors lived next to the ocean during warm
times. The warm, salty seas were rich in marine life and also free
of marine dinosaurs, which had become extinct. A breathing hole
farther back on the skull could make it easier to breathe in water,
allowing the whale to spend more time in the water, be more
successful at feeding and escaping predation, and have more
surviving young. Some of the offspring that had the same trait
would be more successful, too; eventually, the trait would be
widespread in the population (Inheritance). Over millions of years
(Time), this process could happen again and again until the
blowhole ended up where it is found today (Adaptation).

By adapting to live in water with the blowhole, along with other
adaptations for living in a watery environment, early whales
adapted to take advantage of a habitat that was closed off to
most other mammals. This ecosystem had lots of food and
shelter and few predators and competitors. These conditions were
a powerful pressure to select for traits that could allow an
organism to spend more time in the ocean.




Evolution Over DEEP Time

Gradualism
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VISTA

e Variation: Genetic variation is the raw material
for evolution.

* Inheritance: Parents pass on genes for traits to
offspring.

« Selection: A pressure selects for certain traits in
a population by providing a survival advantage
to organisms with that trait.

e Time: It usually takes a very, very, very loooong
(holy cow!) amount of time for significant
evolutionary change to occur.

 Adaptation

| Y




Lamarckian EXplanation For traits to appear in a population and be passed on, they

. need to be caused by a change in genes. A population's genes
fOI’ Glraffe NECkS are changed through reproduction (and sometimes by new

individuals migrating into the population), not by events that
happen during an individual lifespan.
* If you lose a finger, your children will not be born missing a

Lamarck was a French naturalist in the early 1800s, before Darwin. finger.

He wrote what is now known to be an inaccurate explanation for how * If you lift lots of weights, your children will not be born

life evolved. However, exploring Lamarck’s ideas can be useful for “buffed”

science educators because students and anyone who is new to « If an individual giraffe managed to stretch its neck a bit
evolution often have similar misconceptions. Today’s common during its life, its offspring would not have longer necks.
misconceptions are often similar to ideas held by brilliant people in This is a common ongoing misconception about evolution and
the past! Just like our students, these smart scientists were thinking adaptation. We now know that populations adapt over time;
logically and using the best information available to them, but they individuals do not.

didn't necessarily have access to all the evidence we now have.

A More Reliable Natural Selection Explanation for

Long Giraffe Necks

Using what we know about natural selection (Variation,
Inheritance, Selection, Time, and Adaptation), we can
hypothesize that giraffes with slightly longer necks appeared in
a population through mutation or gene mixing (Variation). The
giraffes with longer necks were able to be more successful
than shorter-necked populations. Longer-necked giraffes may
have been more successful at feeding during droughts and
then had more offspring, some of which also had longer necks.
From witnessing the “clubbing” behavior of male giraffes, some

- scientists think longer necks could also have been useful for
A famous example of a Lamarckian explanation is related to how competing over mates. In either case, this trait would make
the giraffe got such a long neck. According to Lamarck, an individual longer-necked giraffes more successful in reproducing
giraffe was able to stretch its neck throughout its lifetime to reach (Selection), so they passed on the longer-neck trait to their
food. Over time, its neck became longer, which caused its offspring offspring over generations (Inheritance). Over millions of years
to have longer necks. Knowing what you know about genes and (Time), this process was repeated until giraffes evolved the

traits, what is wrong with this explanation? long necks they have today (Adaptation).




Adapt

Everyday language: Science language:
when individuals when populations
change due to events acquire traits through

or conditions mutation and/or genetic
(e.g., Samantha moved  mixing that provide a

to a different school better chance of

and had to adapt.) surviving and having

offspring.




The Evolution of Flight in Birds




Archaeopteryx Fossil
In the early 1860s, fossils of the first known
bird were found.




Archaeopteryx—CGIl Model




How could bird feathers evolve from
scales over deep time?

Variation: What kinds of new traits or characteristics
could have given individuals within the population

an advantage?

Selection: What kinds of environmental pressures
could have selected for this trait by making those
individuals more successful at passing on their genes?
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Station Instructions

e Go to a puzzler station with a partner.
Try to explain how the trait (Adaptation)
evolved over deep time.

e In your explanation, use these key
evolutionary ideas: Variation, Inheritance,
Selection, Time, and Adaptation.

e |f you have time, go to a different station
and do the same.




VISTA

e Variation: Variation is the raw material for
evolution.

* Inheritance: Parents pass on genes for traits to
their offspring.

 Selection: A pressure selects for certain traits in a
population by providing a survival advantage to
organisms that have that trait.

e Time: It usually takes an amazingly long amount of
time for significant evolutionary change to occur.

e Adaptation
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VISTA

Variation: Variation is the raw material for evolution.

Inheritance: Parents pass on genes for traits to their
offspring.
Selection: A pressure selects for certain traits in a

population by providing a survival advantage to organisms
that have that trait.

Time: It usually takes an amazingly long amount of time
for significant evolutionary change to occur.

Adaptation: Adaptations are inheritable behaviors or
structures (traits) of a type of organism that result from
natural selection and provide a survival advantage in its
habitat.




NGSS Adaptation and Evolution Learning Progressions

K-2 3-5 6-8 9-12
DNA carries instructions for forming
LS3.A . . . 0 - .
. Genes chiefly regulate a specific protein, species’ characteristics. Each cell in an
Inheritance of z x 2y % : . .
: . which affect an individual’s traits. organism has the same genetic content, but
traits Young organisms : : 3 :
Different organisms vary in how genes expressed by cells can differ
are very much, but i :
x they look and function because In sexual reproduction, each parent i o3 g e
not exactly, like 3 ; : : : The variation and distribution of traits in a
; they have different inherited contributes half of the genes acquired by ; 5
their parents and » . 2 % . o S population depend on genetic and
information; the environment also | the offspring resulting in variation between ; ; -
also resemble other . . : " : environmental factors. Genetic variation can
LS3.B . affects the traits that an organism | parent and offspring. Genetic information .
S . organisms of the . . result from mutations caused by
Variation of traits . develops. can be altered because of mutations, which . .
same kind. . . . environmental factors or errors in DNA
may result in beneficial, negative, or no o ;
T : replication, or from chromosomes swapping
change to proteins in or traits of an ; : e
5 sections during meiosis.
organism.
w ; The fossil recor uments the existen ; ;
Some living organisms resemble T e d. docuticnts e existence The ongoing branching that produces
. . diversity, extinction, and change of many . . .
LS4.A organisms that once lived on : : ; multiple lines of descent can be inferred by
. . . . life forms and their environments through : . .
Evidence of Earth. Fossils provide evidence i . comparing DNA sequences, amino acid
N/A . Earth’s history. The fossil record and .
common ancestry about the types of organisms and . . ST sequences, and anatomical and
B : : comparisons of anatomical similarities : : <
and diversity environments that existed long ; : embryological evidence of different
between organisms enables the inference of :
ago. : : organisms.
lines of evolutionary descent.
; : ;. Both natural and artificial selection result Natural selection occurs only if there is
Differences in characteristics ; B g G an g o ;
s qe g from certain traits giving some individuals | variation in the genes and traits between
LS4.B between individuals of the same . e p . N ; :
. N/A . . 4 an advantage in surviving and reproducing, | organisms in a population. Traits that
Natural selection species provide advantages in . . 3 e - .
.. : leading to predominance of certain traits in a| positively affect survival can become more
surviving and reproducing. . A .
population. common in a population.
Evolution results primarily from genetic
: ; . i variation of individuals in a species,
Particular organisms can only Species can change over time in response P : 2
i : 2 ; o competition for resources, and proliferation
survive in particular to changes in environmental conditions ; ;
4 : ; of organisms better able to survive and
LS4.C environments. through adaptation by natural selection g
. N/A . . . reproduce. Adaptation means that the
Adaptation acting over generations. Traits that support F. o . .
. . distribution of traits in a population, as well
successful survival and reproduction in the . .
: as species expansion, emergence or
new environment become more common. L 5
extinction, can change when conditions
change.
2 ; i Biodiversity is increased by formation of
Populations of organisms live in a new species and reduced by extinction
LS4.D A range of different | variety of habitats. Change in Changes in biodiversity can influence P cec oy e )
. ; . . ) ; Humans depend on biodiversity but also
Biodiversity and | organisms lives in those habitats affects the humans’ resources and ecosystem services . . ..
. . . have adverse impacts on it. Sustaining
humans different places. organisms living there. they rely on. T . e
biodiversity is essential to supporting life on
Earth.




Teaching About
Adaptation and Evolution

* Look over the NGSS adaptation/evolution

concepts recommended for different grade
levels of students.

* |dentify concepts taught in each student
activity.

 Match up the student activities with the
appropriate concepts for each grade level.




BEETLES Activities for Teaching
Adaptation and Evolution

» Whacky Adapty

* Adaptations Intro—Live!

* Blending In or Standing Out
* Structures and Behaviors

* Interview an Organism

* Discovery Swap

* Related and Different
* Mating and Cloning

* Card Hike




UC Berkeley Museum of Paleontology
Understanding Evolution

your one-stop source for information on evolution

http://evolution.berkeley.edu/



http://evolution.berkeley.edu/
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Images/No restrictions.
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Slide 8:
Worm: Vegetable Mould and Worms figure 1 (English labels). Diagram of the alimentary canal of an earthworm
(Lumbricus). Unknown author/Public domain.
Bird: Bird Gastro System. ErikBeyersdorf / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)
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CC BY 3.0, https://commons.wikimedia.org/w/index.php?curid=13673351

Slide 9:
Cardiovascular: Depiction of the heart, major veins and arteries constructed from body scans. Public Domain,
https://commons.wikimedia.org/w/index.php?curid=35786381.
Worm: Fascola gigantica. Thomas Spencer Cobbold (1828-1886)/Public domain
Snail: Comparative zoology, structural and systematic: for use in schools and colleges Year: 1883 (1880s). Authors: Orton,
James. 1830-1877; Birge, E. A. (Edward Asahel), 1851-1950. Internet Archive Book Images/No restrictions.
Plant: Plant vascular. CKRobinson / CC BY-SA (https://creativecommons.org/licenses/by-sa/4.0)
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All illustrations from: Cells: Molecules and Mechanisms by E. V. Wong, Ph.D. Copyright 2009, ISBN 978-0-9852261-1-4 Axolotl
Academic Publishing Company, Louisville, KY http://www.axopub.com/Downloads/Cells/cells_complete.pdf

Slides 12-13:

The Open University https://www.open.edu/openlearn
Slide 14:

David Hillis's 2008 plot of the tree of life, based on completely sequenced genomes. By lvica Letunic: lletunic. Retraced by Mariana
Ruiz Villarreal: LadyofHats - The image was generated using iTOL: Interactive Tree Of Life, an online phylogenetic tree viewer and
Tree Of Life resource. SVG retraced image from ITOL Tree of life.jpg[2], Public Domain,
https://commons.wikimedia.org/w/index.php?curid=3633804
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Eurasian wolf at Polar Zoo in Bardu, Norway. By Mas3cf - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=47155532
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Slide 19:
Wolf: Cropped from the original photo. Eurasian wolf at Polar Zoo in Bardu, Norway. By Mas3cf - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=47155532
Border collie: Border Collie 600. By Sannse, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=165982
Basset hound: Basset hound. By Bonnie van den Born, http://www.bonfoto.nl - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=1769032
Labrador: Yellow Labrador Retriever. By SixtyWeb - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=16590016
Poodle: A male Miniature Poodle.harry. By Belinda - Flickr, CC BY 2.0,
https://commons.wikimedia.org/w/index.php?curid=2427679
Chow chow: A red and brown Chow-chow. Author: By TomacunHa - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=29037517
St. Bernard: st. bernard. author: The original uploader was Sloberdog at English Wikipedia. - Transferred from en.wikipedia
to Commons by Isthmus., CC BY 2.5, https://commons.wikimedia.org/w/index.php?curid=3582133
Chihuahua: Chihuahua dog 2. Davidstern / CC BY-SA (https://creativecommons.org/licenses/by-sa/3.0)

Slide 21:

A section of DNA. The bases lie horizontally between the two spiraling strands. By Zephyris, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=6285050

Slide 23:
Dachshund: Short-haired-Dachshund. Igor Bredikhin / CC BY (https://creativecommons.org/licenses/by/3.0)
Basset hound: Basset hound. By Bonnie van den Born, http://www.bonfoto.nl - Own work, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=1769032
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Slide 24:
Black dog: Photo by André Spieker on Unsplash.
Red dog: Australian Kelpie, brown. By Pertti Karppa - Own work, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=3504797
White dog: Photo by Marek Szturc on Unsplash
Black white dog: Photo by Josh Hild on Unsplash
Brown white dog: Photo by Lauren McConachie on Unsplash

Slide 25:
2-month shar pei puppy, breeder Chernyi Chizh Shar Pei. Yana Mishina. By Yana Mishina - Own work, CC
BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=7165900
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Blowhole: The blowholes of the Blue Whale. By NOAA Fisheries (TBjornstad 11:21, 18 April 2007 (UTC)) -
Protected Resources Division, Southwest Fisheries Science Center, La Jolla, California, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=1965067.
Giraffe: Giraffe feeds. safaritravelplus / CCO
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Slide 33:

Lamark: Portrait de Jean-Baptiste Lamarck. By Jules Pizzetta - Galerie des naturalistes de J. Pizzetta, Paris: Ed. Hennuyer, 1893,
Public Domain, https://commons.wikimedia.org/w/index.php?curid=657682.

Giraffe: Giraffe feeds. safaritravelplus / CCO
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Marasuchus (first image): Marasuchus lilloensis. FunkMonk (Michael B. H.) / CC BY-SA
(https://creativecommons.org/licenses/by-sa/3.0)

Middle image: Modern restoration. By Pedro José Salas Fontelles - File:Archaeopteryx lithographica - Pedro José Salas
Fontelles.jpg, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=60341786

Third image: Reconstruction of /beromesornis romerali, a toothed enantiornithe. By José-Manuel Benito Alvarez (Espafia) —>
Locutus Borg - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=1932499. background cropped
from original and flipped horizontally.

Slide 36:
Archaeopteryx lithographica (Eichstatter Specimen). H. Raab (User:Vesta) / CC BY-SA

(https://creativecommons.org/licenses/by-sa/3.0)
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CGl model based on modern studies. By NobuTamura http://paleoexhibit.blogspot.com/ http://spinops.blogspot.com/ - Own
work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=19460149

Slide 39:
Snake image: Gopher Snake (9096387429). National Park Service from USA / Public domain
Blackberries: Kevin Beals
Horse: Mountain horse 2. tuchodi. Flickr.
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Horse hoof: By Alex brollo - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=876946.
Monarch: Cliff1066 - IMG 1893 (by). Cliff from Arlington, VA (Outside Washington DC), USA / CC BY
(https://creativecommons.org/licenses/by/2.0).
Bee: Stechende Biene 12a. Waugsberg / CC BY-SA (http://creativecommons.org/licenses/by-sa/3.0/).
Dung beetle: An earth-boring dung beetle working. By Rafael Brix - own photograph, reload of wrong named image, CC BY
2.5, https://commons.wikimedia.org/w/index.php?curid=921903.
Newt: Rough-skinned newt (By The High Fin Sperm Whale - Self-photographed, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=12036399.
Common garter snake: By USFWSmidwest - Common Garter Snake, Public Domain,
https://commons.wikimedia.org/w/index.php?curid=69205712.
Crab: Fiddler crab 0. Wilfredor / CCO.
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NGSS, Appendix E, page 6
http://www.nextgenscience.org/sites/default/files/resource/files/AppendixE-ProgressionswithinNGSS-061617.pdf
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