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Everybody Needs a Little Sunshine

Indicators addressed:

6.2.5    Organize information in simple tables and graphs and identify relationships they reveal.  Use tables and graphs as examples of evidence for explanations when writing essays or writing about lab work, fieldwork, etc.
6.2.7 Locate information in reference books, back issues of newspapers and magazines, CD-ROMs and computer databases.  

6.2.8 Analyze and interpret a given set of findings, demonstrating that there may be more than one good way to do so.

6.4.10 Describe how life on Earth depends on energy from the sun.

Time:  Because of the depth of this indicator’s concept, this lesson will be broken up into several smaller parts.  Altogether the activities will take several days and will be spread out over 3-4 weeks in the classroom.  These activities should be done in sequence.  The different activities will demonstrate: 1. that energy from the sun is needed by plants; 2. how energy from the sun moves through ecosystems with plants and animals; 3. how humans depend upon the sun’s energy for survival.  See each activity for background information and procedures.  

Student levels:  The majority of the following activities can be done partially or entirely with students working in pairs or groups; partner work is encouraged.  

Overall Objectives:

Students will be able to:

· Describe the basics of ecosystem functions

· Define the different trophic levels of ecosystems

· Define the different roles of organisms in an ecosystem

· Draw a food web within a given ecosystem, showing that the sun is the source of energy

· Explain how energy from the sun is passed through ecosystems

Required Materials:

For Activity 1 (Photosynthesis):

· Small brown paper bags

· Large brown paper bags

· Colored cellophane

· Various plants with leaves (located inside &/or outside)

· Various light sources (incandescent, cool & warm fluorescent, full spectrum, sun, etc.)

· Rulers

· Data sheets (attached)

For Activity 2 (Food Webs):

· Art supplies – construction paper, glue, crayons/markers, yarn pieces of different colors

· Computer & Internet access 

· Ball of yellow yarn

· Organism cards - 3x5 cards (1/student or student pair) labeled with different organisms or photos of the organism from the same ecosystem.  Write the names in different colors that correspond to the different trophic levels; if using photos, glue them onto colored construction paper.  Divide organisms up into approximate proportions for each level of the food chain:  2/3 producers (plants - grass, tree, sapling, wildflower, berry, etc.), 1/6 primary consumers (snail, insect, rabbit, squirrel, etc.), 1/8 secondary consumers (hawk, robin, snake), 1/24 tertiary consumers (hawk, coyote), one sun.  

· Roll of masking tape

For Activity 3 (I’m Just a Link in the Chain)

· Drawing materials – crayons, markers

· Posterboard (one for each group)

· Research materials – books or Internet

· Food labels from some of your students’ favorite foods (optional)

· Large U.S. map

· Pushpins or tape for adhering food pictures to the map

Activity 1 - A Beginning Look at Photosynthesis:  Plants Need Light 

Objectives – Students will be able to:

· Set up and conduct an experiment

· Collect & analyze data

· Explain how different types of light affect plants and plant growth

· Explain why plants need sunlight

Time Required:

1 class period at the beginning and two at the end of the experiment, and several short time periods over the next 2-3 weeks to make and record observations.  

Materials:

· Several small brown paper bags

· Several large brown paper bags

· A roll of colored cellophane

· Various plants with leaves (located inside &/or outside) – three plants or one large plant with three branches per group

· Various light sources (incandescent, cool & warm fluorescent, full spectrum, sun, etc.)

· Rulers
· Data sheets (attached)
Background Information:
Photosynthesis is a chemical process that plants, algae, and certain bacteria use to produce food.  Light energy from the sun is harnessed within chlorophyll, the pigment that gives plants their green color.  The light energy drives the production of carbohydrates from carbon dioxide within the atmosphere and water from the soil.  Photosynthetic organisms are called producers because they provide food for nearly all of the remaining living organisms on earth, consumers.  Photosynthetic organisms are also known as autotrophs because they create their own food, while consumers are heterotrophs because they rely on outside sources for food.  Photosynthesis is the first step in a long chain of energy capture and usage for living organisms.  Plants make food from the sun, animals eat those plants for energy, other animals eat those animals for energy, and so on, up the food chain.  Therefore, all land animals depend to some degree on plants for survival.  The carbohydrates (sugars) that plants make are used for growth and maintenance.  These sugars may be used immediately or stored for future use.     


The formula for photosynthesis is:

6 CO2 

+   6 H2O     +    light energy       →
            C6H12O6
+ 
6 O2

Carbon dioxide     Water


chlorophyll
  glucose
          oxygen

Procedures:

1.  Engagement – What do plants need? (10 minutes)

Engage your students in a discussion about what living things, especially plants, need to survive.  Ask questions:  What would happen if I put my classroom plants in the closet for the rest of the year?  Why do you think this would happen?  What would happen if we covered up the trees outside so that no light could get to them?   What do plants need to survive?   

Has anyone heard of photosynthesis?  What do you know about it?  

2.  Exploration – Photosynthesis experiment and data collection (1 hour for set-up)

Students may work alone if they are more advanced or as groups.

A. Introduce the experiment by talking about what the experiment is testing:  the affect of light on plants.  Help your students understand that in order to test the light variable, everything else needs to remain the same.    

B. Have each student/group decide what aspect of light they want to test (light source, duration of light exposure, distance from source, etc.).

C. Set up the experiments.  Discuss with each group how they are controlling for all other variables except the selected one.  Allow for replication by providing three plants of the same species or plant parts to be used for each experiment’s variables.   Select three plants of the same species for a group control.        

D. Students should record their hypotheses for the variable they chose.  Decide as a group how often plants are to be observed for data collection.  What kind of data will they collect?  

E. Throughout the next 2-3 weeks, have students regularly check plants and collect data.  They should write and draw observations on the Data Sheet.  Regularly go over the information that students should be generating at each time of observation.

*  Note:  During this stage, it is important for students to record their observations, inferences, and predictions.  This is a point of discussion that should be addressed at every time students check their plants.   
3. Explanation – What happened to our plant? (1 hour)

A. With groups working together, have students write a summary about what happened to their plant.  Why did these results occur?  What does light have to do with their results?

B. As a class, have all groups talk about the results from their experiment.

4.  Extension – What is photosynthesis? (Beginner students may skip this step.) (30 minutes)
Now that students have a greater understanding that plants need light to survive, they will learn why.  

A. Ask students to consider why plants need light.  Brainstorm different reasons that light is necessary for plants.  Recall what happened in their experiments:  did the plants die?  Did they change colors?  What if the plants went long enough without light, would they die?  

B. What do all living things need to survive?  Brainstorm what all living things need to survive (food, water, shelter & space).  

C. Ask students to create a Venn diagram of what all living things need to survive on one side, what plants need to survive on the other, and what their plants had in the experiment in the overlap.  Discuss what students find is missing from their experiment.  

D. Explain that what is missing is food, which was missing because light was missing. This is a good opportunity to explain what photosynthesis is and why light is required for plants (see Background Information).  
E. Have your students create an analogy of what light is to plants:  Light is to plants like _____________ is to _______________.  
5.  Evaluation

Using the artifacts from the activity, assess student work with the following rubric.  

Internet Resources:

· http://www.ftexploring.com/photosyn/photosynth.html
· http://archive.globe.gov/tctg/section_264.pdf?sectionId=264
This activity has been adapted from the GLOBE program. 

Photosynthesis Data Sheet
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	CATEGORY 
	4
	3
	2
	1
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Participation 
	Used time well in lab and focused attention on the experiment. 
	Used time pretty well. Stayed focused on the experiment most of the time. 
	Did the lab but did not appear very interested. Focus was lost on several occasions. 
	Participation was minimal OR student was hostile about participating. 

	Experimental Design 
	Experimental design is a well-constructed test of the stated hypothesis. 
	Experimental design is adequate to test the hypothesis, but leaves some unanswered questions. 
	Experimental design is relevant to the hypothesis, but is not a complete test. 
	Experimental design is not relevant to the hypothesis. 

	Variables 
	All variables are clearly described with all relevant details. 
	All variables are clearly described with most relevant details. 
	Most variables are clearly described with most relevant details. 
	Variables are not described OR the majority lack sufficient detail. 

	Journal/

Notebook 
	Clear, accurate, dated notes are taken regularly. 
	Dated, clear, accurate notes are taken occasionally. 
	Dated, notes are taken occasionally, but accuracy of notes might be questionable. 
	Notes rarely taken or of little use. 

	Conclusion 
	Conclusion includes whether the findings supported the hypothesis, possible sources of error, and what was learned from the experiment. 
	Conclusion includes whether the findings supported the hypothesis and what was learned from the experiment. 
	Conclusion includes what was learned from the experiment. 
	No conclusion was included in the report OR shows little effort and reflection. 

	Venn Diagram
	The diagram includes all required elements as well as additional information.
	All required elements are included on the diagram.
	All but 1 of the required elements are included on the diagram.

	Several required elements were missing.

	Venn Diagram
	All components of the diagram are accurate.  
	1-2 of the components of the diagram are inaccurate.   
	3-5 of the components of the diagram are inaccurate.   


	None of the components are accurate.  

	Analogy
	Both components of the analogy are correct.

	One component of the analogy is correct.
	
	Analogy is incorrect.


Activity 2 - The Food Web - What a Tangled Web we Weave!
Objectives – Students will be able to:

· Use the internet or books to find required information

· Make inferences about what they find

· Describe a food web

· Describe the different functions of organisms in a food web

Materials: 

· Art supplies – construction paper, glue, crayons/markers, yarn pieces of different colors

· Computer & Internet access 

· Ball of yellow yarn

· Organism cards - 3x5 cards (1/student or student pair) labeled with different organisms or photos of the organism from the same ecosystem.  Write the names in different colors that correspond to the different trophic levels; if using photos, glue them onto colored construction paper.  Divide organisms up into approximate proportions for each level of the food chain:  2/3 producers (plants - grass, tree, sapling, wildflower, berry, etc.), 1/6 primary consumers (snail, insect, rabbit, squirrel, etc.), 1/8 secondary consumers (hawk, robin, snake), 1/24 tertiary consumers (hawk, coyote), one sun.  

· Roll of masking tape

Time:

2-3 class periods.  See each step for approximate time requirements. 

Background Information:

An ecosystem consists of a community of living species and the nonliving factors with which they interact.  The organisms in an ecosystem relate to one another in many ways, but primarily as members of food webs.  A food web diagrams the ways in which matter and energy are transferred from one organism to others through consumption.  Organisms that consume other organisms are known as heterotrophs or consumers.  The primary consumers, or herbivores, feed directly on green plants.  Secondary consumers, or carnivores, feed in turn on the herbivores.  Some food webs contain tertiary consumers, which feed on other carnivores, and quaternary consumers, which feed on the tertiary consumers.  Organisms like green plants, which produce their own food, are known as autotrophs or producers.  Autotrophs ultimately get matter and energy from nonliving parts of the ecosystem, such as the sun, soil, water and air.  Decomposers, or detritivores, feed on dead and waste components in the ecosystem, which are cycled back to the nonliving components of the ecosystem.  Thus, energy and matter are transferred in a cyclic manner in the ecosystem:


    Air

            Sun


                                                                                                   Tertiary Consumer



         Energy
                          Secondary Consumer


                                           Primary Consumer


       Autotrophs                                                                                 Decomposer



             Soil

Procedures:

1.  Engagement - Making a food web.  (20 minutes)

Begin by asking students to name what they ate for their last meal.  Extend the question to ask the students to name what each animal might eat in the wild:
Bear---->?
Fish---->?
Spider---->?
Hawk---->?

Pass out organism cards to the students and have them tape the cards on their chests.  Ask students to find one other student that s/he would eat in their natural habitat.  Students (predators) will put a hand on the shoulder of that person (prey).  Ask students to tell what they observe and why this is.  How are the different colors arranged in their lines and why is that?  Tell students that they have made food chains.  

Give the ball of yarn to the sun.  Now that students have made food chains, tell them you want them to make a food web.  Ask them how they would do this?  (Let them try to figure it out before you tell them.  They will need to arrange themselves in a manner so that all of the lines are connected by everyone either eating or being eaten by another that would do so naturally - they can take their hands away from shoulders and can rearrange their chains - AND everyone is holding onto a part of the yarn.)  Once they are finished with this, ask students what they observe.  How is everyone connected?  How did the chains come together?  Why did the yarn start with the sun (recall from photosynthesis activity)?  What does the yarn represent (energy)?  How are the colors arranged now?  Ask students why they think this arrangement is called a food web?  What do they think of what they see? 

Explain that what students have just created is a food web - the movement of energy through ecosystems.  Each ecosystem has its own unique food web comprised of different types of organisms that make up different levels of the food web.  Food webs are many food chains joined together.  Ask students if they can make just one food chain out of the food web.  (One organism of each color stands in a line.  This won’t be everyone together, just five students lined up.)  Once they have mastered that, can they make another while the first chain remains together?  How many can they make?  What happens to each one?  (The chains get shorter.) Why does this happen?  (There are not the same numbers of organisms at each level of the chain.)  What does this mean for our ecosystem?  Ask students to divide up by color of their organism card.  Ask students what they think these group sizes indicate?  Record these numbers.  You will go back to them.      

2. Exploring food webs (30 minutes)

Using the Internet (or books if Internet is not available), students will re-create a food web from another ecosystem.  Depending upon the level of your students, allow your students to work individually or assign them to small groups (2-4 students).  Each student/group will chose an organism from any ecosystem and research that organism.  They will search the Internet (Google is a great search engine) for information about their organism and its habitat.  They will need to record what the organism eats (prey) and what it is eaten by (predators) and a good description of its habitat.  If no prey are mentioned, have students make note of the habitat in which the animal lives, students can predict animals that might be eaten from similar ones in similar habitats.  

3. Explaining how food webs work (1 hour)

For each organism that is part of the food web, have students make a nameplate.  These organism nameplates will be connected by arrows, like the diagram below.  Encourage students to be artistic with their food webs by drawing the organisms and the habitat from which they come!  
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Before moving on, make sure that all of the students have the right connections for their organisms.  You may also want to include this check as part of the assessment.

Show & Tell - Ask students to explain their food webs to the rest of the class.  This is also a good time to give more information to your students about food webs and energy exchange (see Lesson Introduction).  

4.  Extending food webs (20 minutes)

Vocabulary introduction – Give the new vocabulary to students and after each one, ask them to state examples from their different food webs:

Prey:  an organism that is killed and eaten by a predator

Predator:  an organism that kills and eats other organisms

Trophic level:  position in the food chain, determined by the number of energy-transfer steps to that level.

Producer:  an organism that makes its own food

Consumer:  an organism that feeds directly or indirectly on producers  - primary consumers feed directly on producers; secondary consumers feed on primary consumers; tertiary consumers feed on secondary consumers, and so on.

Parasite:  an organism that feeds on other living organisms

Host:  an organism in which or on another organism lives

Re-visit the ecosystems - With the new vocabulary, ask students to return to their food webs.  On a separate sheet of paper (they can also do this on the nameplates if the nameplates are big enough), ask students to write what kind of organism each one is from the new vocabulary, using as many of the new words in as many links in their ecosystem as possible, e.g. fish:  a secondary consumer, predator & prey.   

Closure:  

Review the basic concepts of this lesson and vocabulary, eliciting from students the answers.  Ask students to recall the previous activity on photosynthesis – how do these activities (i.e. photosynthesis and food webs) connect to each other? 

Evaluation:              

Use the food web and vocabulary labels to assess student achievement.  Grade these with a rubric (below).  

Assessment Rubric for Understanding Food Webs

	Category
	4
	3
	2
	1

	Internet Research
	Navigates well through the internet and is able to find enough information to complete assignment.
	Navigates through the internet and is able to find information to complete more than half of the assignment. 
	Navigates through the internet and is able to find information to complete less than half of the assignment.
	Does not navigate through the internet and completes almost none of the assignment.

	Creating diagrams
	Uses creativity, follows all directions, and pays attention to detail and neatness.  
	Uses creativity, follows most of the directions, and mostly pays attention to detail and neatness. 
	Uses some creativity, does not follow directions well, and pays little attention to detail and neatness.
	Does not use creativity, does not follow directions, and pays no attention to detail and neatness.

	Applying research information to diagrams
	Accurately represents all of the information.  
	Represents more than half of the information and with accuracy.  
	Represents less than half of the information, and with accuracy.
	Represents almost none of the information, and with inaccuracy.  

	Applying vocabulary to food web
	Demonstrates total comprehension of the vocabulary through accurate use, and follows directions in application. 
	Demonstrates comprehension of most vocabulary through accurate use, and mostly follows directions in application. 
	Demonstrates comprehension of some vocabulary through accurate use, and follows a few directions.
	Lack comprehension of vocabulary through inaccurate, and does not follow any directions. 


Possible Extensions:

· Use the class findings to create an ongoing food web on a bulletin board. Each day see if you can add several organisms to the board by pinning a labeled picture with string connecting the organisms. 

· As a group project, assign each group a continent and allow the students to choose a native animal and create a food web that involves the particular animal.
Internet Resources:

· Online food web game:  http://www.harcourtschool.com/activity/food/food_menu.html
· Food web mysteries:  http://www.gould.edu.au/foodwebs/kids_web.htm
· More background information:  http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/F/FoodChains.html
· More background information:  http://www.arcytech.org/java/population/facts_foodchain.html
· http://www.ftexploring.com/me/me2.html
· http://www.ftexploring.com/links/foodchains.html
· http://www.lalc.k12.ca.us/uclasp/urban_science/food_chains/breeding.htm
· http://www.woodlands-junior.kent.sch.uk/Homework/habitats.html
Activity 3 – I’m Just a Link in the Chain

Objectives – Students will be able to:

· Determine the energy sources of certain foods

· Determine the geographical sources of certain foods and identify these on a map

· Explain how humans are a part of food chains

· Research relevant information on the Internet or in books

Materials:

· Drawing materials – crayons, markers  

· Poster board - one for each group (optional)

· Research materials – books or Internet

· Food labels from some of your students’ favorite foods (optional)

· Large U.S. map

· Pushpins or tape for labeling the map

· Science journal – all notes, thoughts, and findings should be recorded

Time:  
2 class periods, see each activity for requirement. 

Background Information:

Human civilization is dependent on agriculture.  Agriculture means manipulating the environment to favor plant species that we can eat.  In essence, with agriculture we are creating a very simple ecosystem. At most, it has only three levels - producers (crops), primary consumers (livestock, humans) and secondary consumers (humans). This means that little energy is lost between trophic levels, since there are fewer trophic levels present.  And like all terrestrial food chains, the agricultural food chain – including humans – is dependent upon the sun for energy.

Many of the foods that we eat are disconnected from their origins.  Plants and animals are processed and/or combined with different ingredients to create something altogether different that ends up on our plates.  Yet, this is still part of the food chain.  

Each area of the country is known for different agriculture products.  Many of these products are distributed throughout the country (and the world) for our consumption.  We also rely upon different agriculture regions during different seasons.  For example, we can go to a local orchard in the fall to buy apples, but buy apples at the supermarket from Washington or California during the winter and spring.  

This activity will make students part of a food chain and stimulate them to consider where their food comes from and how they rely upon plants and, ultimately, the sun.  The last step in the activity brings together the concepts from this activity and the previous two.    

Procedures:

1.  Engagement - What’s for lunch? (30 minutes)

Ask students to think about where they got their energy today.  Elicit responses.  Next ask students to make a list of what they ate for lunch, either that day or the day before.  With this list, working in groups, have them draw or diagram foodchains of the different parts.  Use the posterboard for this activity, encouraging creativity and artistic skills.  Because many students may not know from what their food products derive, you may want to make this part a class discussion or allow your students to do research. 

2.  Exploration - Where did lunch come from? (30 minutes)

Students will explore from where (geographically) their lunch comes.  Working individually or as groups (2-4 students) first ask students to write a hypothesis about where their lunch comes from and support this hypothesis with their reasons. You may want to assign groups specific products, perhaps choosing the products that are the most common amongst the groups, or allow each group to choose one item from their lunch.  Using books and/or the Internet students will research the likely origins of their lunches.  Another way your students could do research is to talk to the head of dining services.  S/he may know the origins of many foods.  Students should take notes on what they find about their foods and any other information about the location (e.g. climate, other foods produced there, etc.). 

3.  Explanation – Our Lunch Map (20 minutes)

Have students draw and/or color small pictures of the food derivations of their lunch food items.   With the class together, ask each group to come up and place the drawings of their foods on the map where they were grown.  Ask each group questions about the additional information they found and why they think this is a good place for this food to be produced.  Allow time for other students to ask questions.    

4.  Extension – Designing Dinner (30 minutes)

With students working together or in different groups, ask them plan a dinner menu for the class.  With the menu, students need to include the specific foods needed and where (geographically) to get these items. 

Evaluation:  
Artifacts from this activity can be scored with the following rubric:

	Category
	4
	3
	2
	1

	Internet Research
	Navigates well through the internet and is able to find enough information to complete assignment.  Works well with the group.
	Navigates through the internet and is able to find information to complete more than half of the assignment.  Works somewhat with the group. 
	Navigates through the internet and is able to find information to complete less than half of the assignment.  Allows the group to do most of the work.
	Does not navigate through the internet and completes almost none of the assignment.  Does not work with the group.  

	Creating diagrams of   foodchains
	Uses creativity, follows all directions, pays attention to detail and neatness and accurately represents information.  
	Uses creativity, follows most of the directions, mostly pays attention to detail and neatness, and accurately represents most of the information.  
	Uses some creativity, does not follow directions well, pays little attention to detail and neatness, and accurately represents little information.
	Does not use creativity, does not follow directions, pays no attention to detail and neatness, and represents information inaccurately.

	Lunch Map
	Follows directions in making pictures.  Places the pictures in the correct space.
	Partially follows directions in making pictures.  Places pictures in correct space.
	Follows few directions in making pictures.  Does not place picture in correct space.
	Does not make pictures.  Identifies wrong place on map.

	Designing Dinner
	Follows directions, makes a complex menu, includes all foods and locations. 
	Follows most of the directions, makes a less complex menu, includes most foods, and most locations.  
	Follows few directions, makes a simple menu, includes few foods, and few locations.  
	Does not follow directions, does not make a menu.  


Internet Resources:

· http://www.nass.usda.gov/census/census97/atlas97/index.htm
· http://www.ftexploring.com/links/foodchains.html
· http://www.menumagazine.co.uk/book/foodorigins.html
· http://inventors.about.com/library/inventors/blpotatochip.htm (fun food history)

· http://www2.kenyon.edu/Projects/Farmschool/food/foodhome.htm
Closure & Overall Evaluation:  For all of the three major activities (30 minutes)
1.  Using the Venn diagram from Activity 1, the food webs from Activity 2 and the foodchains from Activity 3, make a class list on the wipeboard of the major concepts or characteristics from each of the activities.  From this list, ask each student to create a concept map linking all three activities together.  
2.  Quiz – attached.  Before giving the quiz, review the key points of the last three activities with students.  

Assess with the following rubric:

	Category
	4
	3
	2
	1

	Graphics
	Diagram is clear and easy to understand.
	Diagram is somewhat clear.  
	Diagram is hard to understand.
	Diagram is impossible to understand.  

	Knowledge Gained 
	Student accurately connects concepts to each other.  
	Student accurately connects answer most concepts to each other.
	Student accurately connects about 65% of concepts to each other. 
	Student appears to have insufficient knowledge about concepts.  

	Content quantity
	At least 10 concepts or characteristics are displayed in the diagram.
	7-9 concepts or characteristics are displayed in the diagram.
	4-6 concepts or characteristics are displayed in the diagram.
	Less than four concepts or characteristics are displayed in the diagram.


Name ________________________

                                                    Plants, Animals and Sun – Oh My!

Please draw below how energy gets from the sun to you.

Draw a food web with at least one organism from each of the trophic levels.

Which of the following could live without sun?

A.) An apple tree

B.) A squirrel

C.) A lion

D.) Grass

E.) None of the above

Would it be possible for you to live without the sun?  Why or why not?

