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Artificial Selection and
the Evolution of Domestic Dogs

&5 Introduction

From lap dogs and guard dogs, to hunting dogs and service dogs, dogs and humans share a
history that goes back thousands of years. It's no surprise then that scientists are interested in
how dogs have changed over time. Often in evolution, we look to closest living relatives to learn
about a species’ history. For example, comparing humans with chimpanzees helps us draw
inferences about the common ancestor they shared and how each species changed
independently over time since the time of that ancestor. The super cool thing is, the closest
living relative to dog, gray wolves *are* the species from which dogs evolved!

As their name suggests, domestic dogs have been domesticated, which means they have
been purposefully tamed so that it can be kept by humans as pets or livestock. We aren’t sure
why humans first chose to start domesticating wolves 20,000 to 40,000 years ago, or if it was
even a choice at all. Humans may have taken in particularly friendly wolves, or more
mild-mannered wolves may have made themselves comfortable near human homes. No matter
the original reason, wolves began to evolve through a process of artificial selection, which
describes a process in which people selectively breed individuals with particular traits. This is in
contrast to natural selection, where non-deliberate (not planned or done for a purpose)
environmental pressures influence which individuals get a chance to pass their traits to the next
generation.

As humans continued to selectively breed the wolves
who were the friendliest and best adapted to a life
revolving around large communities of people, artificial
selection slowly caused the animals to change, but not
fully speciate. According to the biological species
concept, members of the same species can produce
fertile offspring with each other but not with members of
any other species. Well, domestic dogs can still mate
and produce fertile offspring with a wolf. Their scientific
names reflect their connection: wolves are Canis lupus
and dogs are Canis lupus familiaris. The familiaris part
of their name indicates a subspecies, meaning that
while more similar to each other than to wolves, domestic dogs are still part of the wolf species.

Figure 1. Wolf-Dog. Domestic dogs and gray wolves have not fully speciated and can still
generate fertile offspring. This animal resulted from a cross between a male Polish spaniel and

a female gray wolf. Source: Wikimedia Commons/Maris Hindrikson et al.
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https://commons.wikimedia.org/w/index.php?curid=47636195
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Over time, as different groups of people bred dogs by selecting for their preferred traits, such as
a particular size, ear shape, or coat texture, the domestic dog began to further separate out into
breeds that looked distinct from each other, but again, did not undergo the full process of
speciation. Even though they can look very different from each other, all domestic dogs are part
of the same subspecies—that’s why you can breed a miniature poodle with a Bernese mountain
dog and get a mini bernedoodle!

Figure 2. All One Species. Breed differences among domestic dogs can be significant, as seen
in this illustration from a 1904 encyclopedia (left). However, despite their different physical
traits, all breeds of domestic dog are members of the same subspecies, Canis lupus familiaris,
which in practical terms means they can easily create adorable hybrid puppies, such as
amini-Bernedoodle, which is a cross between a Bernese mountain dog and a mini poodle.
Source: Wikimedia Commons/Pleple2000/Bernedoodles (breeds, Bernese, poodle, puppy).

Recently, scientists have studied the genetics and behaviors of wolves and domesticated dogs
to better understand what caused them to diverge thousands of years ago. From this work,
scientists have discovered much about dog adaptations and have concluded that humans
played a role in their evolution. In this lesson, you will compare gray wolves and domesticated
dogs to draw inferences about their evolution based on patterns in appearance, behaviors, and
genetics. Read on to learn how evolution helps explain how dogs became “man’s best friends.”

&> What To Do

Step 1. Below, there are pictures of wolves and a variety of dog breeds. Examine the
pictures. Write down the physical similarities and differences you notice among
dogs and wolves in Table 1.
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https://commons.wikimedia.org/wiki/User:Pleple2000
https://commons.wikimedia.org/w/index.php?title=User:Bernedoodles&action=edit&redlink=1
https://commons.wikimedia.org/wiki/Category:Dog_breeds#/media/File:Breeds_of_dog_from_The_Yuzhakov's_Bolshaya_Enc._(1904).jpg
https://commons.wikimedia.org/w/index.php?curid=17189331
https://commons.wikimedia.org/w/index.php?curid=16051563
https://commons.wikimedia.org/wiki/File:Mini_Bernedoodle_Puppy_NatchezTDoods.jpg
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Gray Wolf (Canis lupus)

Source: Wikimedia Commons/Dario Sgroi/Vindhyana/Pleple2000 /TomacuHa/Dagur Brynjolfsson
(gray wolf 1, gray wolf 2, German shepherd, Chihuahua, Great Dane, Dachshund, English
bulldog, Afghan hound)
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https://commons.wikimedia.org/w/index.php?title=User:Dario_Sgroi&action=edit&redlink=1
https://commons.wikimedia.org/w/index.php?title=User:Vindhyana&action=edit&redlink=1
https://commons.wikimedia.org/wiki/User:Pleple2000
https://commons.wikimedia.org/wiki/User:%D0%A2%D0%BE%D0%BC%D0%B0%D1%81%D0%B8%D0%BD%D0%B0
https://www.flickr.com/photos/8743790@N06
https://commons.wikimedia.org/wiki/File:Canis_lupus_laying.jpg
https://commons.wikimedia.org/wiki/File:Gray_Wolf_(5298319666).jpg#/media/File:Gray_Wolf_(5298319666).jpg
https://commons.wikimedia.org/wiki/German_Shepherd_Dog#/media/File:Cane_da_pastore_tedesco_adulto.jpg
https://commons.wikimedia.org/w/index.php?curid=6978718
https://commons.wikimedia.org/wiki/Great_Dane#/media/File:Dog_niemiecki_czarny_103.jpg
https://commons.wikimedia.org/wiki/Dachshund#/media/File:Dachshund_rabbit.JPG
https://commons.wikimedia.org/wiki/Bulldog#/media/File:Racib%C3%B3rz_2007_082.jpg
https://commons.wikimedia.org/wiki/Bulldog#/media/File:Racib%C3%B3rz_2007_082.jpg
https://commons.wikimedia.org/wiki/Afghan_Hound#/media/File:Hundas%C3%BDning_2009_053.jpg

Bite 'STUDENT

Similarities Differences

Physical
Appearance

Habitat

Table 1. Similarities and Differences Among Dogs and Wolves.
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Step 2. As we have discussed, looking at patterns in physical appearance by itself can
be very misleading, so let’s look at other kinds of evidence to inform our thinking.
Photos below represent a typical gray wolf diet and ingredients found in common
domestic dog foods. Write down the similarities and differences you notice
between the diets of dogs and wolves in Table 1.

Gray Wolf Diet

Domestic Dog Diet

Source: Wikimedia Commons/Larry D. Moore/United Soybean Board/Margaret

Hoogstrate/AHwapm/FotoosvanRobin and Pixabay (moose, rabbit, elk, soybean meal, whole
wheat flour, _corn, bone meal, beef fat)
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https://en.wikipedia.org/wiki/User:Nv8200pa
https://www.flickr.com/people/95352257@N06
https://commons.wikimedia.org/w/index.php?title=User:%D0%90%D0%BD%D1%88%D0%B0%D1%80%D0%BC&action=edit&redlink=1
https://www.flickr.com/photos/63637139@N00
https://commons.wikimedia.org/wiki/Alces_alces#/media/File:Male_Moose.jpg
https://commons.wikimedia.org/wiki/File:Rabbit_in_montana.jpg
https://commons.wikimedia.org/wiki/Cervus_canadensis#/media/File:Rocky_Mountain_Bull_Elk.jpg
https://en.wikipedia.org/wiki/Soybean_meal#/media/File:Soybean_Meal_(10059014026).jpg
https://commons.wikimedia.org/wiki/File:Whole_wheat_grain_flour_being_scooped.jpg#/media/File:Whole_wheat_grain_flour_being_scooped.jpg
https://commons.wikimedia.org/wiki/File:Whole_wheat_grain_flour_being_scooped.jpg#/media/File:Whole_wheat_grain_flour_being_scooped.jpg
https://pixabay.com/photos/corn-vegetables-harvest-nutrition-4318296/
https://commons.wikimedia.org/wiki/Category:Bone_meal#/media/File:%D0%93%D0%BE%D1%80%D1%81%D1%82%D1%8C_%D0%BA%D0%BE%D1%81%D1%82%D0%BD%D0%BE%D0%B9_%D0%BC%D1%83%D0%BA%D0%B8_2014-05-07_13-57.jpg
https://commons.wikimedia.org/wiki/Category:Suet#/media/File:Beef_suet-02.jpg

e=BiteScis |STUDENT

Below, there is a picture of a gray wolf’s habitat and pictures of a typical domestic
dog’s habitat. Write down the similarities and differences you notice between the

habitats in Table 1. You may want to think about abiotic and biotic factors present
in each type of environment.

Step 3.

Gray Wolf Habitat

Domestic Dog Habitat

Source: Wikimedia Commons/Acroterion/lan Poellet/lldar Sagdejev (Denali National Park,
Hayden Valley Yellowstone National Park, apartment building, house).

&> Analysis Questions

1. After learning about how domestic dogs evolved from gray wolves, a friend says, “Like how
humans evolved from chimpanzees!” Is that a good comparison? If not, how could you
correct this student’s misconception?
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https://commons.wikimedia.org/wiki/User:Acroterion
https://commons.wikimedia.org/wiki/User:Ipoellet
https://en.wikipedia.org/wiki/Denali_National_Park_and_Preserve#/media/File:Denali-alpine-lakes-forest-Highsmith.jpeg
https://commons.wikimedia.org/wiki/File:Upper_Hayden_Valley_YNP1.jpg#/media/File:Upper_Hayden_Valley_YNP1.jpg
https://commons.wikimedia.org/wiki/File:American_Apartment_Building_-_Portland_Oregon.jpg
https://commons.wikimedia.org/wiki/File:2008-08-03_Simple_white_house.jpg
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A phylogenetic tree is a diagram that represents evolutionary relationships between and
among organisms. A phylogenetic tree summarizing the relationships among domestic dogs
(“dog”) and their closest relatives is shown below in Figure 3.

i 2. Use Figure 3 to answer the following
og H guestions:
' a. Anode, an important part of the
phylogenetic tree, is circled in red on
Gray wolf M the image. What do you think a node
represents?

1 Lcoyore M’

— L_African golden wolf M
b. The side-striped jackal is much more
[ closely related to the black-backed
L_Golden jackal ﬁ\ jackal than it is to the African wild
dog. Describe how you can use the
1 - diagram as evidence to support that
|_Ethiopian wolf ‘ﬂ claim.
L_Dhole ﬁ
* [ 4
L_African wild dog [ﬁ'
c. You read in a book that coyotes are
more closely related to gray wolves
Side-striped jackal ﬁ than they are to domestic dogs. Do
you agree with that claim? Justify
your answer using the phylogenetic
Black-backed jackal M‘ iree.

Figure 3. Canis Phylogeny. This phylogenetic tree
models evolutionary relationships among members
of the genus Canis. Source: Wikimedia Commons.
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https://commons.wikimedia.org/wiki/File:Canis_phylogeny_(eng).png#/media/File:Canis_phylogeny_(eng).png
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STO & read icience Wdite:
A Bark Stronger than A (Science) Bite

3. Inthe Science Bite, we learned that scientists looked for categories of genes that differed
between wolves and dogs. Which two groups stood out?

4. Dogs were domesticated by humans. Why do you think it was advantageous for a
domesticated dog to have the ability to digest starch?

5. Why do you think the ability to digest starch is not a common trait among wolves? Use
concepts of natural selection in your answer.

6. Anews article about this research had the title, “In Order to Live With Humans, Canines
Evolved to Love Carbs.” This is an example of teleology, the most common misconception
about evolution that suggests traits evolve for a particular purpose. “Birds evolved wings so
that they could fly,” is a classic example of teleology.

a. Explain why thinking traits evolve for a purpose is a misconception. Hint: How do
variations like the ability to digest starch originate?

b. Suggest a better, misconception-free title for the news story.
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7. Do you think wolves and domestic dogs will ever completely speciate? Why or why not?

8. A company offering 100% raw meat dog food makes the claim that the food is healthier and
more natural and will, “Bring out the wild in your dog.” Do you agree or disagree with the
claim based on your understanding of the research described in the Science Bite?

9. Connect to the Big Question. Think about how the researchers came to their conclusions
as you answer the following questions.

a. Like scientists, you used observation skills to look at the physical appearances, diets,
and genetic differences between dogs and wolves. How did these observations help you
better understand the evolution of dogs and wolves?

b. How were scientists able to draw conclusions about the genetic differences among
wolves and domesticated dogs? Refer back to the Bite for details on how they used
observation and data analysis to come to conclusions.




