SS&C Micro-Unit 903
 Teacher Guide: Variation in Living Things

Unifying Theme

Patterns and Products of Change

Focus Question
How do certain variations enhance the survival of organisms in their environment?

Lesson Overview

Students will examine a variety of organisms to make observations about variation.

LESSON DURATION

The activity requires a total of 3 hours to complete.


ENGAGE:
Assessment 1. Justin’s Reptiles (20 minutes)


EXPLORE:
Lab Activity 1. A Group of Groceries (40 minutes)


EXPLAIN:
Reading 1.: Adaptation (20 minutes)

ELABORATE:
Lab Activity 2. Changing the Rules (40 minutes)

EVALUATE:
Lab Activity 3. From Hamsters to Horses (60 minutes)

Learning Objectives
Students will be able to

· observe variations found among individuals of the same species

· understand how certain variations enhance the survival of organisms in their environment

Standards
This activity provides all students with opportunities to progress towards these Next Generation Science standards:
LS3-1 Heredity: Inheritance and Variation of Traits

· LS3-1. Develop and use a model to describe why structural changes to genes (mutations) located on chromosomes may affect proteins and may result in harmful, beneficial, or neutral effects to the structure and function of the organism.

· LS3-2. Develop and use a model to describe why asexual reproduction results in offspring with identical genetic information and sexual reproduction results in offspring with genetic variation.

· LS4-4. Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment.

Preparation

Obtain materials for Lab Activity 1

Materials

Consumables: per team of three

	Item
	Quantity
	Activity

	SS&C Student Module 903 pages 3-8 (6 pages total)
	3
	

	plant product (e.g., peanuts, grapes, cherries, apples, bananas, nuts, dried beans, green pea or bean pods, pine needles), large sample at least equal to the number of students in the class
	3+
	05 #1

	Graph paper
	1 sheet
	05 #1


Nonconsumables: per team of three

	Item
	Quantity
	Activity

	measuring tape
	1
	05 #1

	ruler
	1
	05 #1


Teacher Materials

	Item
	Quantity
	Activity

	SS&C Student Module 903 pages 3-8 (6 pages total)
	1
	

	SrBio05 (903)
	1
	


SAFETY ISSUES

none

SCIENCE BACKGROUND FOR TEACHERS

Darwinian fitness is based upon the natural selection of random chance variations in a gene pool of a population. The selection process allows for "favorable" genetic variations to better compete. Individuals carrying these variations are better able to take advantage of unexplored habitats or may require different biological or physical aspects of their niche. These variations are then inherited through sexual reproduction.

Variations that enable individuals to produce more offspring are considered to be "most fit."  These variations become more frequent with each generation. Over time, individuals carrying fit variations can speciate. Speciation occurs when individuals become genetically isolated from other groups by conditions that prevent interbreeding.

Lesson Steps FOLLOW

ENGAGE: Assessment 1. Justin’s Reptiles (20 minutes)
Think-Pair-Share
1. Read this aloud to students:

Justin read in a book about reptiles that snakes are one of the most successful groups of reptiles. He also read that there are several species of lizards that, through evolution, have lost their legs over time and some species appear to be in the process of losing them. He finds this amazing because it seems that life would be much more difficult if he had no arms or legs. He wonders what the advantage might be to an animal to lose its legs. What advantages do snakes have by not having legs?

2. Students think and write in their journals for 5 minutes.

3. Students pair up and share with their partners for 5 minutes. They should add new ideas to their lists.

4. Pairs share out to the whole class.

5. The class as a whole organizes the information on the board in a web or concept map.

6. Students copy this web or map into their journals.

Answer:

Answers should focus on how lack of legs enhances the survival of snakes in their own environment. Some students may try to argue that the absence of legs (in general) could be adaptive (beneficial) for other species. This is a mistake.

Answers should include specific examples of how lack of legs could benefit snakes, such as efficiency of movement, which allows snakes to slide through holes and other small places in search of prey or to avoid predators.

EXPLORE: Lab Activity 1. A Group of Groceries (40 minutes)
Focus Question: How much variation exists within a species?
Overview:

Variation occurs among individuals of the same species. In this activity students work individually and as a group to make qualitative and quantitative observations and comparisons of single specimens from a larger pool of specimens in order to determine the amount of variation that exists within a given species.

Materials:

Per class:

plant product (e.g., peanuts, grapes, cherries, apples, bananas, nuts, dried beans, green pea or bean pods, pine needles), large sample at least equal to the number of students in the class, ideally over 100

Per Team:
· measuring tape

· graph paper

· ruler

Procedure:

Each student should receive one of the items (i. e., a grape or a peanut). The student should observe and record the physical characteristics of the specimen and be prepared to identify the specimen when it is returned to the entire sample. After a suitable period of time, all the specimens are returned to the sample group. Students then select their individual specimens from the sample. A discussion should follow on the variations that made each specimen unique and identifiable.

Each group of three students should receive a sample of 10 to 15 specimens of the product, for which they record their observations and measures of appropriate variables (density by water displacement, length, circumference, etc.). For example, if peanuts are used, the length, number of peanuts within the pod, and the gradation in color could be noted. The length of beans could be recorded.

Data collected by each group should be graphed. Data from all groups then should be pooled together for use in making graphs that represent variations in measures of the total sample. Thus, one graph would show the variation in density in the total sample. Another graph would show the variation in another measure, such as length. Assuming the sample had a high degree of randomness, graphs should show normal distributions with clumping toward the mean or middle and few samples at the extremes.

Question students about the variation they noted for quantitative factors (length, density, circumference) and qualitative factors (color, shape, etc.). Ask them to identify markings, textures, and other characteris​tics that made individual specimens distinctive.

Background:

Darwin knew that populations that reproduce sexually show great variation in phenotype (the physical appearance of an individual as determined by genes). He also knew that populations are capable of producing far more offspring than ever survive, leading to a “struggle for existence” (i.e., competition between members of the species for scarce environmental resources). Darwin argued that those individu​als that possess harmful or less fit variations are more likely to die than others. Because they die before reproducing, their genes will not be passed on to the next generation. He called this process natural selection.

If the environment of a given organism is extremely stable over time, the graph produced in this type of activity may show a quite narrow normal distribution curve, a result of “stabilizing selection:’ where variants at the extremes of the range are eliminated.

Variations and human selection have shaped the food eaten by humans. Variations in important foods such as rice, corn, wheat, and potatoes have been important in providing better nutrition. Variation and human selection in animals such as cattle, horses, chickens, dogs, and sheep have been important as these animals have been domesticated and used in different ways. Additional research on variation in common foods such as carrots, corn, and apples could be done by individual students. For example, carrots exist in various colors. Texas A&M University has developed a maroon carrot, which happens to be the school color of its athletic teams.

Students should begin to consider the adaptive nature of certain variations found among individuals of the same species.

Variations:

Depending on the product used, different approaches can be used to show both individual variation and the range of variation. For example, a sample of peanuts could be arranged in order by length (short to long) or by color (light to dark).

If available, the lady beetle, Harmonia axyridis, is an excellent species to show variation, as the number and location of spots on the backs of these insects vary greatly. Also, there is variation in color. These insects are used for pest control and may be available for purchase locally. They also can be collected from plants such as milkweed. Other local insects could be collected and the variation in selected features noted. As a substitute, photocopies of a population of lady beetles could be used. Have students locate specimens with varying numbers and locations of spots.

Adapted from:

Rowland, M., Biology. Walton-on-Thames Surrey, UK: Thomas Nelson and Sons, Ltd., 1992

EXPLAIN: Student Reading 1. Adaptation (20 minutes)
Discussion Steps
1. Bring students into a circle.

2. Read aloud while students read silently.

3. Ask each student to write a question about the reading in his or her journals.

4. Have them share their questions,

5. Choose one question and discuss for 15 minutes.
6. Have students reflect on the process.
ELABORATE: Lab Activity 2. Changing the Rules (40 minutes)
Focus Question: What’s the relationship between an organism’s traits and its environment?

Overview:

In this activity students consider the relationships between the physical traits of organisms and the organisms’ environment. Working in groups of three or four, students discuss several scenarios then make a presentation to the class based upon their conclusions.

Materials Per lab group (3 students):

· “rules” of the natural world (included with Student Materials)

· journal

· materials for making group presentations (optional)

Procedure:

Students discuss with other members of their group the adaptive connections of each organism with its normal niche and habitat for each “rule” described below. They then discuss the results of the follow​ing “changes” in the rules of the natural world. Each group should have one member record their conclu​sions.

1.Rule. Male birds are more brightly colored than the females of the same species.

    Change. The coloration of all female birds is now brighter than that of male birds.

2.Rule. The gestation period of a lion is 108 days.

    Change. The gestation period of a lion is changed from 108 days to 216 days.

3.Rule. Grass Is green.

    Change. Grass is now violet rather than green.

4.Rule. The human hand has four fingers and an ‘opposable” thumb.

    Change. The human hand grows an extra finger.

5.Rule. The California condor has a wingspan of over six feet (more than two meters).

    Change. The wing span is increased to more than twelve feet (more than bur meters).

6.Rule. The elbow joint is a “hinge’ joint.

    Change. The elbow joint changes from a hinged joint to a ‘ball-and-socket’ joint (like the hip).

7.Rule. Rattlesnakes have rattles on the end of their bodies.

   Change. The rattlesnake no longer has rattles.

8.Rule. Tigers live in India; Lions live in Africa.

    Change. Both tigers and lions now live in Australia.

Finally, each group should prepare a presentation on which change they feel would actually be the most “adaptive” for that organism in its natural habitat. Remind students to be prepared to fully explain their reasoning and to defend their conclusions to the class. You may choose to have students make an illustration or poster to go along with their presentation.

Background:

It may be helpful to students to review and discuss the following definitions in conjunction with this activity:

Niche—An ecological niche is a precise description of all the physical, chemical, and biological factors that a species needs to survive and reproduce. It is a way of life described in terms of a suitable environment and how the organism in question will fit into the food web.

Habitat—The natural home of an animal or plant, including all the biotic (other organisms in the same habitat) and the abiotic factors (weather, soil, type of water, etc.) that are characteristic of that area.

Adaptation—A feature of an organism’s structure or functioning that fits it to living in a particular environment.

Variations:

You may wish to substitute your own (local or regional) examples of “rule” and “change.” The activity can be made more timely by adding certain environmental changes for students to consider, such as global warming, ozone depletion, deforestation, introduction of foreign or alien species to the local ecosystem, etc.

Adapted from: 

None

EVALUATE: Lab Activity 3. From Hamsters to Horses (60 minutes: 30 minutes for discussion; 30 minutes writing)
Focus Question: Why is the gestation period different for different mammals?

Overview:

This inductive lesson is designed to show that varying gestation periods of mammals are adaptive connections to their niches and life styles. Students examine data, discuss and analyze them, and then compose an explanation for the relationships they are able to discern.

Materials Per lab group (3 students)

· data sheet on gestation and body weight (included in Student Materials)

· journals

Procedure:

Working in groups of three, students examine data showing average gestation period in days and average adult body weight in grams for several mammals. They should rank order the different mammals on the basis of their estimation of the number of young at one birth. Student questions are designed so that students inductively note the relationship between gestation period and whether the animal is a carnivore or herbivore.

The following chart provides data regarding the average number of young at birth in addition to the data provided in the student activity.

	Animal
	Average Gestation Period In Days
	Average Number of Young at One Birth
	Average Adult Body Weight In Grams

	Hamster
	16
	6
	100

	House mouse
	21
	6
	35

	Rabbit
	31
	8
	2,800

	Lion
	108
	3
	190,000

	Tiger
	109
	3
	209,000

	Cow
	284
	1
	500,000

	Horse
	336
	1
	500,000

	Zebra
	360
	1
	280,000

	Bactrian camel
	400
	1
	450,000

	Black rhinoceros
	540
	1
	764,000

	Indian elephant
	624
	1
	7,000,000


Background:

Large herbivores, such as the horse, rhinoceros, and elephant, eat large amounts of vegetation each day and, as a result, must move frequently. Some herbivores migrate with the seasons. Thus the young of herbivores are born well developed and strong and can move with the herd shortly after birth. Also, herbivores are vulnerable to the attacks of carnivores, and their young must be able to move swiftly very soon after birth. Because the herbivore’s young at birth are well developed, the number per birth is low and the survival rate is high.

Carnivores are more territorial than herbivores. Thus, a lion or tiger will have a den where the young can be nurtured. A long pregnancy would handicap a female carnivore in terms of hunting because the extra weight would slow her speed. However, the young at birth, because they remain in a den, can survive if born unable to walk and without their vision fully developed. However, the average litter size in carnivores is larger than in herbivores because the survival rate of the newborn is lower.

The size of the hamster, mouse, and rabbit influences length of life, rate of metabolism, and average number of young at birth. Because of the high mortality rate, the average number of young per litter is high.

Variations:

You may wish to have students add more animals and data to the list and see whether their predic​tions/conclusions are borne out in these additional examples. Alternately, students could research ex​amples and patterns of adaptive characteristics seen in plants. A possible project could be a comparative study of plants and animals that live in desert regions.

Adapted from:

Skoog, Gerald, and Violetta Lien, Strategies for Teaching Life Science. Lubbock, Tex.: Science and Mathematics Education Center, Texas Tech University, 1989.

Additional Resources
Suggested readings:

Hutman, L.G., “When Nature Makes a Point:’ National Wildlife, Vol. 53, No. 3, April/May 1995, pp. 55—59.

McGowan, C., Diatoms to Dinosaurs, pp. 25—29, 61-64. Washington, D.C.: Island Press/Shearwater Books, 1994.

Milner, R., “Adaptation: Shaped for Survival.” Excerpt from The Encyclopedia of

Evolution: Humanity’s Search for Its Origins, pp. 3-4. New York: Facts on File,

Inc., 1990.

Milner, R., “The Peppered Moth: Adapting to Pollution.” Excerpt from The Encyclopedia of Evolution: Humanity’s Search for Its Origins, pp. 359—360. New York: Facts on File, Inc., 1990

Activity Sources
Rowland, M., Biology. Walton-on-Thames Surrey, UK: Thomas Nelson and Sons, Ltd., 1992.

Skoog, 0. and V. Lien, Strategies for Teaching Life Science. Lubbock, Tex.: Science and Mathematics Education Center, Texas Tech University, 1989.

Student Readings

Gemerty Hutman, L, “Adaptations.” Excerpt from “When Nature Makes a Point,” National Wildlife, Vol. 53, No. 3, April/May 1995, pp. 55—59.

� The BSCS 5Es Instructional Model is used with the permission of BSCS, Colorado Springs, CO





SS&C MicroUnit 903
page 6

