Ecosystems











NPES Panther Pete Science Lab – Grade 4  


	Purpose:

	The purpose of this lab is to investigate the parts of an ecosystem and to understand the roles of the organisms within an ecosystem. Upon completion of this lab, the students will be able to demonstrate and apply these concepts:

(
Ecosystems are made up of living and nonliving parts.  It can be very small (you might need a microscope to see some of the things living in an ecosystem) or it can be as large as a forest.  

(
Changes in biotic (living parts of an ecosystem) and abiotic (nonliving parts of an ecosystem) factors will affect an ecosystem.  



	GPS Standards/Essential Questions:

	GPS Standards:

S4L1. Students will describe the roles of organisms and the flow of energy within an ecosystem.  (Note:  Italicized standards are covered in this lab.  The other standards are covered in class.) 

a. Identify the roles of producers, consumers, and decomposers in a community. 

b. Demonstrate the flow of energy through a food web/food chain beginning with sunlight and including producers, consumers, and decomposers. 

c. Predict how changes in the environment would affect a community (ecosystem) of organisms. 

d. Predict effects on a population if some of the plants or animals in the community are scarce or if there are too many. 

Essential Questions Covered in This Lab:

· What is an ecosystem?

· How can we use an ecosystem to establish water quality?

· What factors influence ecosystems?

	Lesson Plan:

	The lesson plan begins with an introduction by the Lab Coordinator. The students will divide into six groups and will not rotate.  At the end of the lab, the Lab Coordinator will briefly review the conclusions.

	Teachers:

	Please divide students into six equal lab groups before coming to the lab.  Also, at the beginning of the lab, please be prepared to identify any students who may not be photographed.  As a follow-up, a parent letter will be emailed to the CAT teams for distribution to the classes.

	Parent Volunteers:

	Please read this material and arrive at the lab 10 minutes early to familiarize yourself with the activities.  Your role will be to ensure safety and assist the students as they complete the activities at your table.  You will not be responsible for the class presentation, but it would still be useful as background to read all the information provided here before coming to the lab.

	Lab Coordinator Introduction:

	Welcome to the Panther Pete Science Lab!  (Introduce yourself and the parent volunteers.)  In today’s lab we will be looking at the ecosystem of a stream and water quality.  We will learn about what might be in an ecosystem of a stream.  

Why are we studying a stream?  Every part of our lives relies on water.  
· Water makes up 80% of our total body weight.  
· Most of the earth’s surface is covered by water.  
· We use water DAILY for drinking, cooking, and washing.  
· Water supports important food chains and the plant life responsible for much of the Earth’s oxygen.  

Water contains its own ecosystems and can affect many other ecosystems, including ours.


	Brainstorming/Subject Review:

	Brainstorm with students… You have studied about ecosystems in your classroom.  Let’s see what you can tell me about what you have learned:

· What non-living things might be part of a stream’s ecosystem?  (Water, air, climate, minerals)

· What living things might be part of a stream’s ecosystem?  (Plants, fish, salamanders, frogs, snails, insects, etc.)

· What things might threaten the health of a stream’s ecosystem? (Pollutants, construction, humans, etc.)


	Key Instruction Points:

	In our lab today, you will work with your group on the following:  
· In Activity 1, we will discuss macroinvertebrates and how investigating the variety and quantity of them can help determine the health of an ecosystem.  
· In Activity 2, you will learn more about what pH is and test several substances for their pH level. 


	Activity 1:  Macro Mania Game

	In this activity, each group will be determining the health of an ecosystem by using the animals that live in a stream as an indicator.  
· Ask the students:  If a stream has healthy water and is in a stable or unchanging environment, would we expect to find a lot of living creatures or a small amount?  (A LOT of different living plants and animals.)  
· Tell students:  Alpharetta City Council needs the help of scientists to determine the water quality of nearby Big Creek.  The Council is concerned that something is affecting the ecosystem of the ponds.  Because Alpharetta wants to keep its environment healthy for all living creatures, they have hired us to further investigate.
· Water quality can be measured in two ways:
1. With physical or chemical tests (as we will see later)
2. Using the animals that live in the stream as water quality indicators.

· Point to the MacroMania poster on the board.  Explain:  One important type of fresh water animal is the macroinvertebrate.  “Macro” means that they can be seen without a microscope (although some of them are very tiny) and “invertebrate” means that they don’t have a _____________?  (Backbone) 
· Macroinvertebrates are often called “macros” for short.  The macros live on or under stones, sticks, and leaves or burrow into sand, silt, and mud on the bottom of a pond or stream.  Some are insects, like dragonflies or beetles, but snails and worms are macros too.  We can use macroinvertebrates to determine water quality.
· There are three reasons why “macros” are useful:

1. They are abundant!  Hundreds or thousands of macros can live in a square yard of a stream.  They are easy to find, collect and see.
2. There are many different kinds of macros.  There may be hundreds of species of macros in a single stream.  

3. Macros stay in one place in the stream for much of their lives.  This makes them easier to capture than faster moving animals like fish or frogs.
· Pass out a “Macro Mania Site Map” to each group.  

· Ask:  Look at your stream maps.  Would we expect similar temperatures at all of the sites marked by an X on the map?  (Yes.)  Similar weather and climate?  (Yes.) 

· Looking at your maps, ask:  How might the ecosystems in Big Creek be affected by the farms or the buildings & factories? (Some possible answers include:
·  Land developers cutting down too many trees
· Insects and animals living in those trees need to move or have been killed and leaves are not falling into the pond to provide food.  
· People living in the nearby homes may be affecting the ecosystem by pollutants, trash, etc.  
· Oils and chemicals can be discharged from cars, and runoff from driveways and streets can enter the pond; 
· Lawn fertilizers may be washed down into the pond from nearby homes, etc.) 
· Ask: Which site on the stream do you predict will have a healthier ecosystem? (Green Site)  We are going to play a game to find out!
The “Game”:

· Pass out one Macro Mania Sorting Sheet to each group.  Ask students to lay out the sorting sheet in the middle of the table for the group to see.

· Explain: The macros that are used to indicate water quality are separated into three Pollution Sensitivity groups:  Group 1, Group 2, and Group 3.

Group 1:  The macros in Group 1 are very sensitive to pollution.  They can only survive in water of high quality.  (Point out the top portion of the sorting sheet for Group 1.  Identify the macros in Group 1 with the students.)

Group 2:  The macros in Group 2 are somewhat sensitive.  They aren’t quite as sensitive as the macros in Group 1.  They can survive in water of high quality AND water that isn’t quite as clean. (Point out the middle portion of the sorting sheet for Group 2.  Identify the macros in Group 2 with the students.)

Group 3:  The macros in Group 3 are tolerant of poor water quality.  They survive in more polluted water where macros from Group 1 and Group 2 sometimes can not live.  (Point out the bottom portion of the sorting sheet for Group 3.  Identify the macros in Group 3 with the students.)

· Because specific macros have different sensitivities to pollution, we can collect macros from a stream and determine the quality of the water.  This can be done by counting the number of different kinds of macros from each Group that are found in a sample from the stream.  The healthiest and most stable ecosystem has macros from each Group with many from Group 1.  The more different kinds of macros, the better the water quality!
· We have taken a sample of macros from Big Creek and now we are going to analyze the water quality of the stream.
· Pass out a 1 deck of cards to each group (Green, Yellow or Blue)

· Explain:  We are pretending that we went across Kimball Bridge Road to Big Creek and took samples from the stream in 3 different locations.  These decks of cards represent the macros that we found at the Green Site, the Yellow Site and the Blue Site.

· Center Leaders:  Shuffle and divide the cards amongst the students in your group (there are 25 cards in each deck).  Have the students take turns going through their cards and matching the images of the animals on the cards to the images on the sorting sheets and placing their cards on that matching picture. 
· Center Leaders:  Assist the students in recording their findings on their Water Quality Worksheet for Big Creek as described below:
Using the Water Quality Worksheet:

Ask students to Count the number of species (not the number of cards) in each group.  Example:  5 species in Group 1, 4 species in Group 2, and 2 species in Group 3.  Calculations are as follows:

Group 1:   5 x 3 = 15 

Group 2:   4 x 2= 8
Group 3:   2 x 1=2  

Totals:      15 + 8+ 2 = 25.

           As shown on the worksheet, Greater than 22 means “Excellent” water quality.  
After all of the groups have determined their water quality, discuss their findings as a class: 
· What water quality did you have at your site according to your macroinvertebrate indicators?

· What was the land use at your site?

· How did the land use affect the water quality?

If time permits, have the students suggest ways to improve the water quality at the Yellow & Blue Sites.  
· Ask:  If you were the mayor of Alpharetta, what might you do to prevent future water quality issues in Big Creek? (Some possible answers are: impose fines for littering or dumping pollution; create a buffer outside the perimeter of the stream to prevent fertilizers and other chemicals from washing into it; plant new trees to replace those that have been cut down, impose greater restrictions/laws on new construction.)  



	Activity 2:  Understanding what pH is and Testing for pH Levels

	In this activity, students will learn about what pH is and what it does, and test various household items to determine their pH level.  A pH test will then be conducted on Panther Pond and Glen Abbey Pond to determine how changes in an environment, specifically the addition of certain pollutants, affect an ecosystem as seen through the pH level.  

Part A:  What is pH?  Understanding the pH Scale, Acid, and Base

· Ask the students:  What is pH?  pH is a measurement of how acidic or basic a substance is. Acid and base are two extremes that describe chemicals, just like hot and cold are two extremes that describe temperature. The opposite of an acid is a base.
· Show the students the pH scale/chart.  Explain that the pH scale ranges from 0 to 14.  A pH of 7 is neutral.  A pH less than 7 is acidic, and a pH greater than 7 is basic.  Each whole pH value below 7 is ten times more acidic than the next higher number. For example, a pH of 4 is ten times more acidic than a pH of 5 and 100 times (10 times 10) more acidic than a pH of 6.  In the same way, pH values above 7 become more basic exponentially by ten than the next lower number on the scale. So, products at the two extremes of the pH scale are extremely harsh and corrosive and even dangerous (can burn you).
· Ask the students how it feels when they wash their hands with soap?  It feels slippery.  Soaps and detergents have a high number on the pH scale making it a base, and higher basic substances have this “slimy” feel.
· Now ask if the students know what gastric acid is? It is the acidic fluid in your  stomach.  Stomach acid is a key component of the digestive system. The acidity of the fluid helps digest foods properly and its normal pH level is about 2 – that is very low!  
· Mixing acids and bases can cancel out/neutralize their extreme effects much like mixing hot and cold water can even out the water temperature. One example is when you have a stomach ache or indigestion; you might take Pepto-Bismol or Milk of Magnesia which are both basic substances to mix with the elevated acid level in your stomach in order to neutralize and soothe it.
· A substance that is neither acidic nor basic is neutral.  Pure water is neutral, with a pH of 7.0. Water in a pond or ocean needs to maintain a neutral pH level of 6.5 -8.0 in order to be healthy ecosystem. 
Part B:  Testing the pH Value of Household Items

· Provide each table with 6 containers marked A, B, C, D, E and F.  

· Center Leaders:  Hand one student a pH strip and have them quickly dip the strip into the liquid in cup A.  Have the students observe the initial color change on the strip and try to determine the pH number by comparing the color to the chart on the vile of strips. Have the students record the pH color and number on their worksheet as well as whether it is an acid, base or neutral.  Reveal to them what substance was in container “A” and have them record that also.

· Quickly repeat this process for containers B, C, D, E and F, allowing a different student to dip the pH strip each time.

Note: A=Vinegar, B=Spring Water, C=Bleach, D=Lemon Juice, E=Ammonia, F=Baking soda.  For the high Base substances (Bleach and Ammonia/Containers C & E), the color of the pH strip will quickly turn to dark green and then fade away.  Tell the students to record the color of the initial change.
Part C:  Why is pH Measurement Important?

· Almost all processes containing water have a need for pH measurement.  Most living things depend on a proper pH level to sustain life.  All human beings and animals rely on internal mechanisms to maintain the pH level of their blood, urine, and stomach acid. The blood flowing through our veins must have a pH between 7.35 - 7.45.  Exceeding this range by as little as one-tenth of a pH unit could be fatal. Urine should have a pH of 6.0-7.0.  This is why doctors will test our blood and urine for pH as an indicator of our healthiness.
· Also, all plants and food products will grow best if the soil they are planted in is maintained at an optimal pH. This is why farmers test and condition the soil with fertilizers and other things to keep the pH level just right for their crop.
· Acid rain can be very detrimental to crop yields. Rainwater is naturally acidic (below 7.0 pH). Rain typically has a pH of 5.6 - 6.0, but in some areas, it increases to harmful levels between 4.0 - 5.0 pH due to atmospheric pollutants. Heavily industrialized and populated areas have higher levels of pollutants that cause acid rain. Factories that burn fossil fuels, such as coal, release gases into the atmosphere that combine with rainwater and cause the rain water to become more acidic. 
· In an ecosystem, things such as acid rain, decaying plant matter, or chemical run-offs from nearby roadways can all cause changes in pH.  Also, if plant life or fish life is not in balance, pH will be affected.  If there are too many fish in the pond and not enough plants or vice versa, pH will be affected.
Remind the students that land and water are interconnected.  Water quality is affected by how the surrounding land is used.  Almost everything we do at school, home, and play impacts nearby water sources. So, you can see that pH is an integral part of our everyday life!
Part D: Testing the pH Value of Water from Two Local Ecosystems

· Explain that there are basically two ways to determine the quality of water in an ecosystem.  The first is by using the animals that live in the pond or stream as an indicator.  This was done in Activity 1.  The second is to conduct chemical tests such as pH on the water. 
· So, we are now going to test water from nearby Panther Pond to determine its pH level as an indicator of its healthiness.  The quality of the water is related to the balance (or stability) of the ecosystem.  If the ecosystem of the pond is healthy, the water quality will be excellent with a pH level at or close to neutral (7.0). If the pond’s ecosystem is not healthy, the water quality will be poor as indicated by the pH level (acidic or basic).  

· Center Leaders: Place the container marked “Panther Pond” onto the table.  Hand a pH strip to a student that hasn’t had a turn and have them quickly dip the strip into the cup.  Have the students observe the color change on the strip and try to determine the pH number by comparing the color to the chart on the vile of strips. Tell them to record the pH color and number for Panther Pond on their worksheet as well as whether it is acidic, basic, or neutral.  
· Center Leaders: Now give the last pH strip to a different student and have them dip it into the Glen Abbey pond sample to determine its pH level. Have the students compare the color of the strip to the color chart on the vile and record their findings in the pH section of their worksheet.

· Compare the pH findings of these two water ecosystems.  Which is the healthier ecosystem?  .  

· As the pH of a lake or pond moves away from neutral (more acidic or basic), we know the ecosystem is not in balance.  A water ecosystem has to maintain a delicate balance of plants & animals, and producers, consumers and decomposers in order to sustain life. When there is a balance in the ecosystem, fish and other animals and organisms have the correct amount of nutrients, food sources, and oxygen to thrive.  When any of these parts of an ecosystem get out of balance, pH levels can change and living organisms in the pond/lake can die.


	Conclusion:

	If time allows, the Science Lab Leader will review what the students discovered.  
What are some causes of a healthy ecosystem to become unstable?

· Pollutants introduced into the ecosystem can cause many living things to either die or to move somewhere else.  
· Added nutrients can get into water from human and animal waste, decomposing garbage, or run-off of fertilizers and chemicals from lawns, farms, and roads.  
· Pollution, sewage, and decaying garbage all use up oxygen needed in an ecosystem, causing organisms to die, the water quality to go down, and the ecosystem to be imbalanced and unhealthy.


	Lab Set-Up & Materials:

	Activity 1:
· Macro Mania game, 6 site maps and 6 decks of cards 

· Water Quality Worksheets (1 per student)

Activity 2:

· 6 containers of pH strips (1 per table)

· 6 sets of liquids (1 set per table), labeled A, B, C, D, E, F:

A = Vinegar 

B = Spring Water

C = Bleach

D = Lemon Juice

E = Ammonia

F = Baking soda solution

· 6 sets of pond water (1 set per table),  one sample from “Panther Pond” (the retention pond near Big Creek along Kimball Bridge Road) and one sample from “Glen Abbey Pond” (the pond in the Glen Abbey neighborhood)
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