Lesson Plan 5 –  Eutrophication Aquarium


Understanding Aquatic Ecosystems through the 

Study of Eutrophication
Lesson 5 – Replicating Eutrophication in an Aquarium and Posing Environmental Solutions.
Overview

In Lesson 4, students manipulated two carbon/oxygen NetLogo simulations to determine what factors might be causing the decrease in dissolved oxygen observed in the pond data. The first simulation showed the phenomenon at the macroscopic level, and the second simulation focused on the functions and behaviors of the structures at the microscopic level.  Using this new information, students revised their EMT models, and recorded reasons for their changes.  At this point students should realize that the bacteria are consuming dead algae and are using up all the oxygen and depleting the water.


In Lesson 5, students will add fertilizer to small containers in order to simulate the conditions they hypothesize led to the fish kill. Finally the class will view a eutrophication animation, followed by discussion of possible natural sources of nitrates.


Next students will investigate possible solutions for a eutrophic pond.  The investigations can be used as assessment for understanding and mastery of the content material covered in this unit.
Objectives

Modeling

· Students will be able to evaluate alternative models of processes within an ecosystem 
· Students will be able to develop criteria for model evaluation
· Students will emphasize the importance of evidence when evaluating models and also use evidence to construct their models

Ecosystem Content

· Students will be able to explain the relationships between components of an aquatic ecosystem and their effects on populations

· Students will be able to identify the role of nitrogen in an aquatic system

· Students will demonstrate their understanding of key ecosystem concepts through a well-supported argument for specific solutions to an ecosystem problem.

Relevant Student Assumptions

By this point, students are expected to recognize the major components of a natural aquatic system, living and non-living.  They should also have a good understanding of how the levels of certain dissolved substances, such as CO2 and O2, affect the quality of the water to the point of being detrimental to populations.  

Time approximately 3 forty minute periods
Materials and Preparation

· One computer for every group (2-4 students) with downloaded EMT software

· Projector for showing the eutrophication experiment video and eutrophication simulation 

· Photocopies of Handout 3.2 Aquarium Design Assessment as revised in Lesson 4

· Computer File of Resource 5.2 Eutrophication Animation Video

· Web address for the eutrophication simulation: http://new.coolclassroom.org/adventures/explore/plume/33  

· One copy of Handout 6.1 solution proposal per student

· Aeration system, copper algaecide, blue sapphire dye, barley straw, and/or net to implement the chosen solution in the classroom aquarium. 

Activities 
1) Obtain 20 containers several months prior to teaching the unit.

Steps:

(i) Of the 20 containers, fill 14 of these containers with pond water.

(ii)  In 9 of these 14 containers add ½ teaspoon 20:20:20 fertilizer.

(iii)  Leave these for several months.

(iv) About 2 weeks prior to teaching this unit, add the following to some of the fertilized containers : To one add Barley straw (enough to fill the bottom of the container); to another, add Copperalgacide (follow instructions on container);   to a third,  add an Aerator, to a fourth add Dye color (5 drops) and put a fifth container in the refrigerator. To one of the pond water containers also add fish food to the bottom and let sit.  Do so again the following week. 

2) Recall Discussion (5 minutes)

a. Recall the ideas from the last lesson.  The class concluded that adding nutrients to a pond leads to an increase in algal mass and when those algae died, the decomposing bacteria use up too much oxygen, causing the fish to die. Ask the students what they think in real life corresponds to plant nutrients; i.e. what might I add to make a plant grow better? They should come to the conclusion that somehow fertilizer got into the pond. The teacher will then tell the students that they are going to eutrophy their classroom tank to see the effects of eutrophication in a biological system. 

3) Whole class discussion of Aquarium Data (15 minutes)

a. The students should discuss the aquarium water quality data that has been collected over the course of the unit.  As a quick demonstration, the teacher can have a student measure nitrate in a clean cup of water.  After doing so, add a small amount of fertilizer and use the test kit again. The class can then discuss what comprises fertilizer.  The concepts of nutrients and food can be discussed here (i.e., nutrients are derived from food and other sources). At the teacher’s discretion, the class may briefly discuss the evidence of nitrification that is visible in the aquarium data. Optional concepts to discuss include:

· As ammonia increases, it begins to get converted to nitrite, then nitrate.

· There are organisms (bacteria) that facilitate that conversion of nitrogen between different forms.

· The final form of nitrogen (nitrate) is used by plants such as algae for growth.

4) Pond Hypermedia (10 min)- The teacher should ask students to look at pond hypermedia with the goal of trying to identify the connection between nitrates (a form of nitrogen) and their class consensus model of this fish kill. The students should come to the conclusion that nitrates are normally a limited resource that keeps algal populations small. So, when nitrates are added, algae population increase dramatically. Optional: Teachers can use the nitrification simulation as well.

5) Eutrophication Experiment Video (5 min) – to drive home the relationship between fertilizer and algae growth show the students Resource 5.2 Eutrophication Experiment Video (1 min 18 sec). Make sure the students can explain why the tank with excess fertilizer looks green. The teacher can also ask students to predict the relative levels of oxygen in each container and justify those predictions.

6) Revise Class Consensus Model (10 minutes)

a. Based on the conclusions that were drawn from the aquarium data and hypermedia, revise the class consensus model together.  Keep in mind that the goal of the model is to explain the mechanism of eutrophication.  Again, emphasize the evidence observed to support the changes in the model. The students should be able to conclude that fertilizer was added to the pond, which led to an increase in nitrate levels, which led to an increase in algae populations.
This is a good stopping point for the 1st period

7) Eutrophication Animation (25 minutes)

a. Guide student discussion to a still-open question:  What can cause an increase in fertilizer in a natural pond?  Brainstorm within each group some possible answers and then share.

b. Show the students the eutrophication animation available at http://new.coolclassroom.org/adventures/explore/plume/39 . Walk the students through the animation making sure to point out the several natural sources of nitrates, which can lead to eutrophication.  

c. Pose the question as to which sources create the highest amount of nutrients added.  Have student groups create a list of the sources, and then rank them in order from highest contributor to the least.  Share and compare ideas between groups.   Discuss how animal waste can lead to natural eutrophication over long periods of time; however, the excessive amounts of nitrates due to overuse of chemical fertilizers can increase the rate of eutrophication rapidly.  Emphasize that many of the sources are actions created by individual humans, and have a cumulative effect.

d. View consensus EMT model to see where this new information (nutrient source) can be added or clarified.  

8) Tell the students that you will be doing a hands-on simulation of what happens when nitrates are added to aquatic systems. Students will use “mesocosms” i.e. small containers filled with pond water : 6 total. To 3 of these containers, have them add ½ teaspoon of 20:20:20 fertilizer. Prepare to discuss what the fertilizer contains. When they are finished, discuss what effects they think that their actions might have on the pond water in the containers. When finished tell them you did the same 3 months prior. Have them record and discuss the results. The 3 with fertilizer added should show more growth. Next put out the two containers- 1 with fish food and 1 without. Have them measure biological oxygen demand. See instructions on kit.

9) Reflection questions will be given as a homework assignment (Handout 5.3)

This is the probable stopping point for the 2nd period
________________________________________________________________________

10)  Discussion (10 minutes)

a. Ask the students to consider what changes they (and/or) their parents could make in their behavior that would help prevent the type of fish kill they have been studying.

· It may be helpful to bring up the eutrophication animation available at http://new.coolclassroom.org/adventures/explore/plume/33  or the final class consensus model in order to get the students thinking

· Students may come up with the ideas of reducing fertilizer usage on their lawns, picking up after pets when they use the bathroom, and not washing lawn clippings down the sink. These are all things they can do to reduce nitrogen runoff into local bodies of water.

b. Ask the students if they think individual citizen action might be enough to prevent the problem from recurring. The students will likely conclude that additional governmental action is probably necessary because it is difficult to get large groups of people to change their behaviors. (For example, despite years of efforts, recycling rates remain relatively low.)

11) Solution Proposals (30 minutes)

a. Hand out 1 copy of Handout 5.1 Solution Proposals and Handout 5.2 Solutions to each student. Ask the students to work in Groups of 2-4 and discuss each possible solution. Emphasize that the proposals were written by a commercial company trying to sell a product, so they will place more emphasis on the benefits and less on the costs

b. The possible solutions include: 

i. Aeration systems (fountains/bubblers) to speed decomposition and increase dissolved oxygen

ii. Copper algaecide- can be harmful for other organisms

iii. Dyes- to decrease the sunlight in the water, can be toxic to some fish

iv. Barley straw- created peroxides as it decomposes which prevent algae growth

v. Mechanical removal of algae from the water

vi. Wait for seasons to change
c. As a class, discuss the students’ views of each solution. The focus here should not be on deciding which solution is right; rather, making sure students have a good grasp of the costs and benefits of each solution.

Have students view and discuss results of your mitigation experiments. Discuss the limitations of using mesocosms. Emphasize that the field data provided us with correlations and these mesocosms provide results about mechanisms and what is plausible, but results may not be extrapolated to large systems.

Assessment


12) 
Aquarium Design Assessment (20 minutes)

a. Distribute photocopies Handout 3.2 Aquarium Design Assessment that each student completed during Lesson 4

b. Tell the students they will now apply what they have learned from the pond data to draw a diagram showing their design for a healthy aquarium. Remind the students that they will be assessed based on the class model criteria and how well they incorporated the information from the pond data.

c. This design assessment should be completed silently and individually 

Assessment



The Aquarium Design Assessment can be assessed using Resource 3.1 Aquarium Design Rubric and a model criteria rubric, which will have to be created by the teacher based on the model criteria that the class has agreed on. Resource 3.2 shows a model criteria rubric that was created by a teacher working on another educational research project. This rubric can be modified to reflect the model criteria that the class has agreed on. In addition, Handout 3.4 can also be used to assess student ideas. 

Students should be assessed based on their participation during class discussion, as well as during group work.  In addition, Handout 5.3 can also be used to assess student ideas.
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