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The Perfect Cow?
Lesson Overview

GRADE LEVEL: Grades 9-12
TIME ALLOTMENT: Two to three 45-minute class periods

OVERVIEW: Cattle evolved through the slow process of natural selection until human
domestication, which rapidly accelerated their development as an artificially selected
species fit less for survival than to satisfy human needs. This lesson focuses on how and
why humans have been so successful in selectively breeding cattle to suit these needs,
while also exploring the limitations and consequences of this success.

Natural selection describes the process by which organisms best adapted to their
environments are the ones that survive and reproduce. The Introductory Activity helps
students understand that some traits, such as the ability to digest grass, made certain
species more desirable for domestication by humans. The Learning Activities explore
how, by nurturing and protecting animals that might not have survived in the wild, human
domestication interrupted the process of natural selection. Reproductive success was no
longer primarily determined by an animal’s most naturally adaptive survival traits, but
rather by its artificially selected traits desirable to humans (primarily milk and meat
production). The culminating activity presents a case study in which students consider
the consequences of losing the naturally selected attributes of breeds less adapted to
domestication.

Students should already be familiar with the concepts of evolutionary adaptation, natural
selection, and DNA/genetic engineering.

SUBJECT MATTER: Biology/ Living Environment

LEARNING OBJECTIVES:

Students will be able to:
« Describe the traits of cows that make them suitable for domestication.
« Explain how the cow’s digestive system has adapted to its environment.
« Compare and contrast natural and artificial selection.

- Describe various breeds of selectively bred cattle and their desirable traits.
- Discuss some limitations and negative consequences of selective breeding.

STANDARDS AND CURRICULUM ALIGNMENT:
From the National Science Standards for Science Content , Grades 9-12.

http://www.nsta.org/publications/nses.aspx
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CONTENT STANDARDS C: Life Science
As a result of activities in grades 9-12 students should develop understandings of:

Biological Evolution

« Species evolve over time. Evolution is the consequence of the interactions of (1)
the potential for a species to increase its numbers, (2) the genetic variability of
offspring due to mutation and recombination of genes, (3) a finite supply of the
resources required for life, and (4) the ensuing selection by the environment of
those offspring better able to survive and leave offspring.

« The great diversity of organisms is the result of more than 3.5 billion years of
evolution that has filled every available niche with life forms.

« Natural selection and its evolutionary consequences provide a scientific
explanation for the fossil record of ancient life forms, as well as for the striking
molecular similarities observed among the diverse species of living organisms.

Behavior of Organisms
« Like other aspects of an organism’s biology, behaviors have evolved through
natural selection. Behaviors often have an adaptive logic when viewed in terms

of evolutionary principles.

New York State Core Curriculum Alignments
From the Living Environment Core Curriculum

http://www.emsc.nysed.gov/ciai/mst/pub/livingen.pdf

STANDARD 4: Students will understand and apply scientific principles and theories
pertaining to the physical setting and living environment and recognize the historical
development of ideas in science.

Key Idea 2: Organisms inherit genetic information in a variety of ways that result in
continuity of structure and function between parents and offspring.

Performance Indicator 2.2: Explain how technology of genetic engineering
allows for human to alter genetic makeup of organisms.

2.2a: For thousands of years new varieties of cultivated plants and
domestic animals have resulted from selective breeding for particular
traits.

2.2b: In recent years new varieties of farm plant and animals have been
engineered by manipulating their genetic instructions to produce new
characteristics.

Key Idea 3: Individuals and species change over time.
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Performance Indictor 3.1: Explain the mechanisms and patterns of evolution.

3.1e: Natural selection and its evolutionary consequences provide a
scientific explanation for the fossil record of ancient life-forms as well as
for the molecular and structural similarities observed among the diverse
species of living organisms.

3.1f: Species evolve over time. Evolution is the consequence of the
Interaction of (1) the potential for a species to increase its numbers... (4)
the ensuring selection by the environment of those better able to
survive...

3.1j: Behaviors have evolved through natural selection. The broad
patterns of behaviors exhibited by organisms are those that have resulted
in greater reproductive success.
3.1k: Evolution does not necessitate a long-term progress in some set
direction. Evolutionary changes appear to be like the growth of a bush:
Some branches survive from the beginning with little or no change, many
die out altogether, and others branch repeatedly, sometimes giving rise to
more complex organisms.

MEDIA COMPONENTS

Video

NATURE, Holy Cow, selected segments:

Clip 1, “A Cow’s Digestive System”

Clip 2, “Desirable Breeding Traits in Cattle”

Clip 3, “Different Breeds of Cattle”

Access the streaming and downloadable video segments for this lesson at the Video

Segments Page (http://www.pbs.org/wnet/nature/lessons/the-perfect-cow/video-
segments/1536/).

WEB SITES
Breeds of Livestock

http://www.ansi.okstate.edu/breeds/cattle/
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An Oklahoma State University Web site featuring photos and descriptions of various
breeds of cattle from around the world.

World Climate Map

http://www.arch.hku.hk/~cmhui/teach/climzone.jpg

A map of the world showing different climate zones.
Genetic Engineering

http://regentsprep.org/Regents/biology/units/heredity/engineering.cfm

A Regents’ preparatory Web site featuring a description of how the meaty English
Shorthorn cow was selectively bred with the heat-resistant Brahman cow to produce the
Santa Gertrudis, a hybrid which possesses the positive characteristics of both parent
breeds.

Punnett Squares

http://www?2.edc.org/weblabs/Punnett/Punnettsqguares.html

An interactive Web-site which explains how Punnett squares can be used to determine
the likelihood that certain traits will be passed on to future generations.

A Dying Breed

http://www.nytimes.com/2008/01/27/magazine/27cow-
t.html? r=3&ref=magazine&oref=sloqgin

A New York Times article which discusses the pros and cons of increasing hybridization
by Bahiman cattle ranchers in Uganda of their native Ankole cattle with Holstein cattle
from the United States.

MATERIALS
For each student:
e “Traits of Ankole and Holstein Cattle” Student Organizer

For each group:
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« “Man’s Best Friend?” Student Organizer
- “Cattle Breeding” Student Organizer
« “Finding the Balance” Student Organizer

For the class:

» “Traits of Ankole and Holstein Cattle” Student Organizer Answer Key
« “Man’s Best Friend?” Student Organizer Answer Key

- “Cattle Breeding” Student Organizer Answer Key

« “Finding the Balance” Student Organizer Answer Key

- Computer with Internet access, projector, and screen

PREP FOR TEACHERS
Prior to teaching this lesson, you will need to:
Preview all of the video clips and Web sites used in the lesson.

Download the video clips used in the lesson to your classroom computer, or prepare to
watch them using your classroom’s Internet connection.

Bookmark the Web sites used in the lesson on each computer in your classroom. Using
a social bookmarking tool such as del.icio.us or diigo.com (or an online bookmarking
utility such as portaportal.com) will allow you to organize all the links in a central
location.

INTRODUCTORY ACTIVITY

1. Tell the class to imagine they are a tribe of prehistoric hunter/gatherer nomads living
in a savanna (a rolling grassland scattered with shrubs and isolated trees). Tell them that
they have several species of animal in their environment which they can attempt to
domesticate as a food source to relieve the pressures of the hunt. Divide the class into
four groups and distribute the “Man’s Best Friend Student Organizer” to each group. For
each question category on the student organizer, ask the class why they think the
guestion is important and relevant. Accept all answers, but encourage an understanding
of the following:

« What is this species going to eat?
Herbivores are more suited than carnivores to domestication, because they're
not competing with humans for scarce meat resources. Some herbivores eat
plants that humans cannot, making them even more suitable.

«  Will it provide meat?
Almost any animal species fits this category, but larger, relatively inactive species
provide more (and better quality) meat than others.
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«  Will it provide milk?

Milk provides sustenance for humans without requiring the slaughter of the
animal, but unless the animal’s young can be given something else to eat (i.e.
“weaned”), it makes no sense for humans to use the milk for food at the expense
of the animal’s own young. Animal species also vary in the quantity and
nutritional quality of their milk.

« Can this species be herded?
Especially for a nomadic people, it is important that domesticated species can be
easily controlled as a herd for open grazing and relocation. Species with a highly
evolved flight instinct (i.e. easily frightened and/or difficult to catch) cannot be
herded.

« Can it do work for humans?
Species with slow, docile temperaments and large, strong builds can be
harnessed to pull plows or wagons.

2. Explain that each group will now be assigned one of the four different animal species
listed on the student organizer (wild dogs, wild pigs, deer, and cattle) to consider as
candidates for domestication. Allow students 5 minutes to complete the organizer,
explaining their answers in as much detail as possible. Have each group in turn report
back about their assigned species, with the other groups noting all answers on their own
organizers. Review all answers, encouraging an understanding of those found on the
Answer Key. (Note that the Answer Key includes only some of the possible answers;
the point of this activity is not to identify each species’ precise biological nature, but
rather to get students thinking in terms of traits and which ones humans consider
desirable in a domesticated species.)

3. Based on their student organizer answers and the class’s discussion of them, ask the
class to vote on which animal they think offers the most to their hypothetical grassland
tribe? (Answers will vary, but cattle will probably be the strongest contender.) Explain
that many of their prehistoric ancestors came to the same decision, and that wherever
cattle existed throughout the world, they came to be domesticated to provide meat, milk,
and other resources. Ask what else cattle have provided for humans. (Leather for
clothes and shelter, bones for tools, and dung to fuel fires. Eventually they were also
harnessed as draught animals to provide agricultural labor.)

LEARNING ACTIVITIES

1. Explain to the class that they’'ve been talking about some of the traits that make cattle
an attractive option for humans to domesticate. One of those traits was that they can
survive and thrive on grass. Ask students can dogs eat grass? (No.) Can humans? (No.)
What is it about the cow that allows it to thrive eating nothing more than grass? (Accept
all answers).

2. Tell the class that they will now be looking at a brief video clip that will help them
answer that question. Provide students with a FOCUS FOR MEDIA INTERACTION by
asking them to note ways in which a cow’s digestive system differs from their own. PLAY
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Clip 1, “A Cow’s Digestive System.” (Access the video segments for this lesson at the
Video Segments Page, http://www.pbs.org/wnet/nature/lessons/the-perfect-cow/video-
segments/1536/.) Ask students again how a cow’s digestive system differs from their
own. (Answers will vary, but should include the fact that cows have developed an extra
compartment in their digestive system called a “rumen” containing microbes which help
break down the cellulose fibers of grass.) Explain that this digestive system is one
specific trait that cows evolved through natural selection that make them well adapted to
their natural environment-grassland.

3. Tell students that this digestive system, which cows evolved to survive in grasslands,
also helped make them highly suitable for human domestication, because they can
convert grass (which humans cannot digest) into meat and milk (which we can). Explain
that domesticated animal species benefit from human resources including food,
protection from predators, and medical care. Ask students how they think domestication
affects the process of natural selection in cows. (Accept all answers, but explain that by
providing food and protection for animals that might not have been able to survive in the
wild, humans are interfering with the “survival of the fittest” principle of natural selection.)
What is how replacing natural selection as the determinant of reproductive success for
any given domesticated cow? (lts possession of attributes desirable to humans.) Explain
that this process of selection, determined by human agency rather than nature, is known
as “artificial selection.”

4. Tell the class that they will now be watching a clip describing some specific traits
humans have artificially selected in cows to give them certain desirable attributes.
PROVIDE A FOCUS FOR MEDIA INTERACTION by having the class write down the
traits that humans seek in breeding a good beef cow. PLAY Clip 2, “Desirable Breeding
Traits in Cattle.” (Access the video segments for this lesson at the Video Segments
Page, http://www.pbs.org/wnet/nature/lessons/the-perfect-cow/video-segments/1536/.)
PAUSE the clip after the words “...they've been selected by the butcher, in essence.”
Have the class offer their responses to the focus question. (Meat cattle are bred to have
short legs and a stocky build with large quantities of meat.) PROVIDE A FOCUS FOR
MEDIA INTERACTION by having the class write down the traits that humans seek in a
good dairy cow. PLAY the clip through to the end and then ask students to respond to
the focus question. (Dairy cows are bred to have good udders, well-placed teats, well-set
legs, open ribs-all attributes that help it produce more milk.)

5. Tell students they will now be taking a closer look at one particular breed similar to
those they have just seen in the video clip. PROVIDE A FOCUS FOR MEDIA
INTERACTION by asking where the Shorthorn comes from and what makes it a
valuable breed of cow. Have them go to the “Breeds of Livestock” Web site
(http://www.ansi.okstate.edu/breeds/cattle/) and use the menu at the left of the screen to
select the Shorthorn. Have students read the first two paragraphs. Ask students to
respond to the focus question. (It originated in England, and is valued because it puts on
a lot of meat and produces a lot of milk.) Explain that for centuries the Shorthorn has
been artificially selected for these traits. Ask students if they would consider these the
most important traits in any cow. (Accept all answers, but most will say they are.)
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6. Tell the class that they will now be watching another video clip featuring cattle that
have evolved through a combination of artificial and natural selection to fit some other
criteria. Provide a FOCUS FOR MEDIA INTERACTION by asking what other
characteristics besides meat and milk volume might be desirable to breed into cattle?
PLAY Clip 3, “Different Breeds of Cattle.” (Access the video segments for this lesson at
the Video Segments Page, http://www.pbs.org/wnet/nature/lessons/the-perfect-
cowl/video-segments/1536/.) (Answers should include an ability to withstand cold, quality
of milk/dairy produced, and adaptability to a variety of environments.)

7. On a world climate map (http://www.arch.hku.hk/~cmhui/teach/climzone.jpg), have
students locate England. (You might want to have students compare the climate map
with a political map.) Ask students to describe the climate in England. (Mild and
temperate.) Now ask students to find India on the world climate map. What do they think
the climate is like there? (Hot and tropical.) Do they think cattle in India are any different
from the Shorthorn? (Accept all answers.) Return to the “Breeds of Livestock” Web site
(http://www.ansi.okstate.edu/breeds/cattle/) and use the menu at the left of the screen to
select the Brahman. Divide the class into their four groups again. Instruct the groups to
read the two introductory paragraphs and the “Physical Characteristics” section of the
Web page. Provide them with a FOCUS FOR MEDIA INTERACTION by asking each
group to write down the traits of the Brahman that have enabled it to survive and thrive in
India’s hot climate. After allowing 10 minutes for completion of this task, have each
group report back on one heat resistant trait they found. (Answers should include hair
coat, skin pigmentation, loose skin, sweating ability, and internal body heat.)

8. Explain that while all cows evolved the ability to survive on grass, over time different
breeds have evolved additional adaptive attributes that have helped them to survive and
thrive in their particular climates and environments. Ask students if they think that
Shorthorn cattle would thrive in India. (No.) Why not? (Coming from a more temperate
climate, Shorthorns had no need to develop the Brahman'’s adaptations to a tropical
climate.)

9. Ask students if they think that the Brahman’s heat-adaptive traits have come at the
expense of any other attributes. (Answers should reference the “body heat” bullet point,
which states the Brahman produces-i.e. disperses-waste heat from feed “at the expense
of growth and milk production.”) What does a cow’s growth mean for the human who
raises it? (More meat.) Ask students if they think that less meat per cow is necessarily a
problem for Indian cattle raisers? (Answers might mention the fact that cows are sacred
to Hindu Indians, who do not slaughter them for food, or that a leaner, but healthier cow
is still more valuable in this environment than a large one that gets weak and sick in
extreme temperatures.)

10. Explain that there are many hot weather countries that both produce and eat beef.
Ask students if they know which country produces the most beef. (Brazil.) Have students
find Brazil on the climate map. What is the climate like there? (Largely hot, tropical,
rainforest.) Ask students what they would do if they were tropical cattle ranchers like the
Brazilians who want more meat on their cows? (Accept all answers, but encourage the
idea of selectively breeding a good “meat” cow with a good “heat” cow.)
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11. Go to the “Genetic Engineering” Web site
(http://regentsprep.org/Regents/biology/units/heredity/engineering.cfm). Have students
read the “Selective Breeding” section. Provide a FOCUS FOR MEDIA INTERACTION by
asking them to define “hybridization.” (It involves the selective breeding of two
individuals with different desirable traits to produce offspring with a combination of both
desirable traits.)

12. Explain that there are approximately 1.3 billion cattle in the world today-
approximately twice the number that existed 40 years ago. Ask the class if they can think
of any another species that has doubled its population over the same period. (Humans.)
Ask what they think the link might be. (Humans breed more cattle to meet their growing
need for food.) Explain that those 1.3 billion cattle are increasingly dominated by a
relatively few breeds and hybrids that have been selected by humans for their superb
meat and milk production traits. Ask students if they think that selectively breeding hybrid
cattle can produce “a perfect cow.” (Accept all answers. Explain to students that they will
be looking at an article that discusses some of the limitations of artificial selection.)

13. Tell students that they will now be reviewing the science of heredity which underpins
artificial selection by playing the Punnett Squares Interactive
(http://www?2.edc.org/weblabs/Punnett/Punnettsquares.html). Ask for a volunteer to
review what Punnett squares are. (Diagrams used to predict the outcome of particular
genetic crosses by plotting different combinations of dominant and recessive maternal
and paternal “alleles”, or chromosonal codes.) Provide them with a FOCUS FOR MEDIA
INTERACTION by asking them to write down their answers to the following guestions:

« Inthe interactive’s first exercise, what is the likelihood that the two chickens will
produce brown chicks? (3/4, or 75%).

- Define what a “carrier” is in terms of traits. (An organism that carries recessive
genes for an attribute but does not manifest that attribute.)

» Define a “dihybrid” cross-breeding. (Selectively breeding for two different traits.)

14. Call on students to provide answers to the Punnett Squares questions. If necessary,
reviewing the interactive with the class to ensure that all students understand how
Punnett squares work. Explain that the class will now be using Punnett squares to
simulate a simplified dihybrid cross-breeding of meaty Shorthorn cattle and heat-
resistant Brahman cattle.

15. Divide the class into four groups. Distribute the “Cattle Breeding Student Organizer
to each group, and project a copy of it from your computer. Tell the groups that they will
now be completing the “1* Generation” section of their organizers using the genotypes
for Shorthorn cattle (MMhh, where “M” is the dominant allele for meatiness) and for
Brahman cattle (mmHH, where “H” is the dominant allele for heat resistance). Allow
groups five minutes for completion of this task.

16. Call on one group to give their answers, noting them in the projected organizer. (All
boxes should be filled in with “MmhH.”) Explain that this result indicates a 100%
likelihood that cattle of this first generation will carry dominant alleles for both meatiness
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(M) and heat-resistance (H), as well as recessive alleles for both these attributes (m and
h respectively).

17. Explain that one generation of successfully bred cattle are only useful for the lifespan
of that generation (a lifespan often cut short by the butcher), and that successful long-
term cattle breeding happens over many generations. Now have the groups complete
the “2" Generation” box of the “Cattle Breeding” student organizer. Explain that both
parents of their 1% generation have gone to the slaughterhouse at this point, so the class
must breed their 1* generation cattle (i.e. mating two mMHh genotype cattle to each
other). Ask students to predict if they think cattle of this 2" generation will be more, less,
or equally likely to carry dominant traits for meatiness and heat resistance than the 1
generation (Accept all answers.) Allow groups five minutes for completion of this task.

18. Call on each group to give their answers for one row of the chart, correcting them if
necessary and noting all answers in the projected worksheet. Ask if the cattle of this 2™
generation are more or less likely to carry dominant alleles for both meatiness and heat-
resistance than the 1st generation? (Less. There is only a 9/16 chance that these cattle
will be both meaty and heat-resistant; there is a 3/16 chance that they will be heat-
resistant but lack meatiness; there is also a 3/16 chance that they will be meaty but can’t
stand the heat; and there is a 1/16 chance that a cow of this generation will carry neither
of the dominant alleles.)

19. Ask students which of their 2nd generation genotypes they would breed to create a
3" generation of cattle with the greatest likelihood of as being both meaty and heat-
resistant? (Answers will vary, but a cow with the MMHH genotype will be an obvious
choice, with cattle having either the mMHH or MMHh genotypes being the next best
options.) Explain that for the purposes of this exercise, the class will breed an MMHH
genotype cow with an MMHh genotype cow to produce a 3™ generation. Have groups
complete the “3" Generation” box of the “Cattle Breeding” student organizer. Allow
groups five minutes for completion of this task.

20. Call on each group to give their answers for one row of the chart, correcting them if
necessary and noting all answers in the projected worksheet. Ask students what the
likelihood is of their 3" generation carrying dominant traits for both meatiness and heat-
resistance? (100%.) How might they breed further generations in which these qualities
would be guaranteed? (Students should understand that breeding MHHM genotypes to
other MHHM genotypes will produce MHHM genotypes 100% of the time.)

21. Explain to students that traits that might not appear particularly desirable to human
breeders may nevertheless be very important to the health of the species as a whole. To
continue the with hypothetical example of the students’ cattle breeding, tell the class that
the recessive gene for heat resistance (h)-one that they've been actively breeding out of
their herd-has just been discovered to provide natural resistance to a certain tropical
disease. What percentage of their 3" generation can be expected to lack resistance to
this disease? (50%.) What percentage would lack resistance if it were the recessive
gene for meatiness that provided resistance? (100%.) Explain that this is a very
simplified way of understanding the risks and limitations of selective breeding. By
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artificially selecting certain qualities and attributes useful to humans, we also risk losing
naturally selected attributes necessary for a species’ health and survival.

22. Tell students that they will next be looking at a real-world case study involving
artificial and natural selection. As homework, assign the students to read the article “A
Dying Breed” (http://www.nytimes.com/2008/01/27/magazine/27cow-

t.html? r=3&ref=magazine&oref=slogin), which discusses the increasing hybridization by
Bahiman cattle ranchers in Uganda of their native Ankole cattle with Holstein cattle from
the United States. Tell them to consider the strengths and weaknesses of each breed,
and the various needs of the Bahiman population. Have them take notes with the “Traits
of Ankole and Holstein Cattle Student Organizer.”

23. At the beginning of the next class session, project a blank student organizer and call
on individual students for the answers they recorded in their student organizer. For each
guestion, encourage classroom discussion and consensus before moving on.

24. Ask the class which breed is the most fit for survival in Uganda? (Answers will vary-
accept all. Some students will point out that the Ankole is much better adapted to
Uganda’s environment and the Bahiman’s traditional nomadic life; others will point out
that the more productive and domesticated Holsteins make much more money for
Uganda’s impoverished people.)

CULMINATING ACTIVITY

1. Divide the class into the same four groups they were in for the introductory activity.
Explain to the class that they will again be pretending they are a grassland people-this
time the Bahimans in Uganda about whom they’ve just read. Distribute the “Finding the
Balance Student Organizer.” Assign each group one of the following socio-economic
groups:

« Traditional nomadic cattle herders
- Settled dairy farmers

« Settled cattle ranchers

« Wealthy politicians

2. Explain that each group will be given ten minutes to collaboratively determine whether
or not to cross-breed their Ankole cattle with Holstein (made possible in this scenario
through an international aid organization) according to the needs and desires of their
assigned Bahiman group. (Explain that there are no “right” answers in this exercise,
aside from the need to justify each breeding plan with evidence from the article and the
lesson generally; each group’s plan will reflect different and complex cultural, social, and
economic priorities that each group must balance as they see fit.)

3. After allowing ten minutes for the completion of this task, have each group report its
answers, having the other groups record them on their own organizer. Encourage
discussion of commonalities and alternate viewpoints. Explain to students that no
amount of natural or artificial selection will ever produce a “perfect” cow, only different
breeds that are more or less suited to the often conflicting demands of their natural
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environment and the needs and desires of humans.

CROSS-CURRICULAR EXTENSIONS

Art: Have student find pictures of different cattle breeds (available on the “Breeds of
Cattle” Web site, http://www.ansi.okstate.edu/breeds/cattle/) and instruct them to draw
hypothetical images of what hybrids between them might look like. Alternatively, you
could have students create “mash-up” hybrid images using Photoshop or other digital
imaging software.

Geography: Have students research the climates and environments of different regions
of the world and predict which traits cattle living there might have developed. These
predictions can then be compared with the actual breeds of each region.

COMMUNITY CONNECTIONS

Ask a cattle rancher or dairy farmer to come in and discuss what makes a good beef or
milk cow. Alternatively, schedule a field trip to a local cattle ranch or dairy farm.
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“Traits of Ankole and Holstein Cattle”
Student Organizer

Ankole Holstein

How does the article
describe each breed'’s
hardiness?

Does this breed produce
more or less milk than the
other breed?

Has the animal been mainly
bred through natural or
artificial selection?

Is this breed’s appeal more
traditional or commercial?

Is this breed well adapted
to the hot climate of
Uganda?

Does this breed have
resistance to tropical
diseases?

Does this breed eat more
or less grass than the
other?

Does this breed require
more or less water than the
other?

Does this breed live in the
open or in captivity?

Does this breed produce
quality meat?
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NAME:

DATE:

“MAN’S BEST FRIEND?” Student Organizer

What is this Will it Will it provide sufficient Can this species be Can it do work for humans?
animal going to provide a quality and quantity of easily herded?
eat? lot of meat? | milk for humans?

Wild

Dogs

Wwild

Pigs

Deer

Cows

Learn more at www.pbs.org/nature.
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“Cattle Breeding” Student Organizer
1% Generation
Parent breeds MMhh (Shorthorn)
Mh Mh Mh Mh
mH
mmHH (Brahman) |mH
mH
mH
2nd Generation
Parent breeds MmhH(hybrid)
MH Mh mH Mh
MH
MmhH(hybrid) Mh
mH
Mh
3rd Generation
Parent breeds MMHH
MH MH MH MH
MH
MMHh Mh
MH
Mh
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NAME:

DATE:

“Finding the Balance” Student Organizer

What are the
most desirable
cattle traits for
you?

Will you crossbreed some
or all of your Ankoles with
Holsteins? Why?

If you do crossbreed, will you
stop at one generation of
hybridization (i.e. breeding your
hybrids to other hybrids), or
continue cross-breeding to erase
or amplify certain traits? Why?

What are the compromises of
your plan? What does it risk?

Nomadic
cattle
herders

Settled
dairy
farmers

Settled
cattle
ranchers

Wealthy
large-
scale
ranchers
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“Traits of Ankole and Holstein Cattle”
Student Organizer Answer Key

Ankole Holstein
How does the article “Tough” “Fussy”
describe each breed’s
hardiness?
Does this breed produce Less. More (20-30 times more than
more or less milk than the the Ankole)
other breed?
Has the animal been mainly Natural selection Artificial selection (selective
bred through natural or breeding, artificial
artificial selection? insemination)
Is this breed’s appeal more Traditional. The once- Commercial. Poor
traditional or commercial? nomadic Bahimans herded Bahminans now want more
the Ankole for centuries. productive breeds like the
cattle to feed their settled,
increasingly westernized, and
rapidly growing population.
Is this breed well adapted Yes. Its horns radiate excess | No.
to the hot climate of heat.
Uganda?
Does this breed have Yes. No. Holsteins are often sick,
resistance to tropical and require expensive
diseases? imported medicines.
Does this breed eat more Less. More. In Uganda, they are
or less grass than the often hungry, and require
other? supplemented diets.
Does this breed require Less, which makes them More.
more or less water than the better adapted to Uganda’s
other? dry climate.
Does this breed live in the Ankoles require open land in | Can be kept in privately
open or in captivity? which to roam (just like their | owned pens as part of the
traditionally nomadic masters | Bahimans’ new settlements.
once did.)
Does this breed produce Yes. Tender and “free range.” | Unclear from the article, but
quality meat? point out the Holsteins are
popular throughout the world
for their meat as well as their
milk.

(%)
thlrteen Learn more at www.pbs.org/nature.
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“MAN’'S BEST FRIEND?” Student Organizer Answer Key

What is this Will it Will it provide sufficient quality Can this species be easily Can it do work for
animal going to provide and quantity of milk for humans? herded? humans?
eat? a lot of
meat?
Wwild Meat. No. No. Only enough for their puppies. No. Dogs are independent, and | Yes. They can be
Dogs can be trained to herd other used as watchdogs
animals, but cannot themselves | and for herding other
be controlled and moved as a animals.
herd.
wild Pigs are Yes. No. The “runt of the litter” sometimes | No. Pigs need to be kept in No.
Pigs | omnivores, but starves to death because it isn't big enclosed spaces, ideally with a
mostly eat grain and aggressive enough to fight for lot of mud (scarce in grassland)
and other foraged milk—an example of “survival of the to keep them cool as they lack
foods which could fittest.” sweat glands.
be hard to find in a
grassland.
Deer | Grass. Yes. No. They don't produce much, and No. Deer are fast and have a No.
they’re difficult to milk because they highly developed flight instinct.
flee from humans.
Cows | Grass. Yes. Yes. Calves can be weaned off of Yes. Cattle are slow and easily Yes. Cattle can be

milk and fed grass at an early age,
leaving more milk for human
consumption. Their milk is also of
higher nutritional content than that of
other mammals.

herded.

harnessed as a
draught animal.

Learn more at www.pbs.org/nature.
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“Cattle Breeding” Student Organizer Answer Key
1% Generation
Parent breeds MMhh (Shorthorn)
Mh Mh Mh Mh
mH MmhH MmhH MmhH MmhH
mmHH (Brahman) |mH MmhH MmhH MmhH MmhH
mH MmhH MmhH MmhH MmhH
mH MmhH MmhH MmhH MmhH
2nd Generation
Parent breeds MmhH(hybrid)
MH Mh mH Mh
MH MMHH MMhH mMHH mMhH
MmhH(hybrid) Mh MMHh MMhh mMHh mMhh
mH MmHH MmhH mmHH mmhH
Mh MmHh Mmhh mmHh Mmhh
3rd Generation
Parent breeds MMHH
MH MH MH MH
MH MMHH MMHH MMHH MMHH
MMHh Mh MMHh MMHh MMHh MMHh
MH MMHH MMHH MMHH MMHH
Mh MMHh MMHh MMHh MMHh

Learn more at www.pbs.org/nature.
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“Finding the Balance” Student Organizer Answer Key

What are the | Will you crossbreed If you do crossbreed, will you What are the compromises of

most some or all of your stop at one generation of your plan? What does it risk?

desirable Ankoles with Holsteins? hybridization (i.e. breeding your

cattle traits Why? hybrids to other hybrids), or

for you? continue cross-breeding to

erase or amplify certain traits?
Why?

Nomadic Hardiness, Probably not. The Ankole Might cross breed for one This plan assumes a traditional
cattle ability to is already naturally generation to get some of the life; many nomads may want a
herders survive in selected to the nomadic Holstein’s productive traits without | more settled, modern life.

open life and environment. losing the Ankole’s naturally

grassland. adaptive traits.
Settled Milk Almost definitely. Holstein | Would probably cross-breed with | A percentage of a dairy farmer’s
dairy production. hybrids produce far more pure Holsteins for multiple “milk money” will need to go to
farmers milk, and are thus more generations to get the most special feed and imported

lucrative. productive dairy cow possible. medicines to keep Holstein
hybrids healthy.
Settled Meat Probably. Ankole meat is Might cross-breed enough Cross-bred, pen-raised cattle
cattle production. higher quality, but Ankoles | generations to create Ankole won’t have the marketing appeal
ranchers require vast and expensive | hybrids which can live on smaller | of “free range” Ankole
ranches. ranches.

Wealthy Tradition, Probably not. The Ankole To cross-breed an Ankole is to Breeding Ankole might not be as
large-scale | beauty. is a symbol of status and “pollute” it. profitable, and one can never
ranchers national culture. have too much money.

Learn more at www.pbs.org/nature.




