Unit Backbone


Understanding Aquatic  Ecosystems through 

the Study of Eutrophication

Overview


In this unit, students will be engaged with learning about PMC2E  modeling and aquatic ecosystems through a problem context centered on a eutrophic pond. 

In Lesson 1, the students will participate in a broad discussion about ecosystems. The students will be then introduced to the concept of scientific modeling as a tool scientists use to explain phenomena they observe in ecosystems, through a handout showing examples of models and asking student to compare models. The teacher will work with the class to characterize what makes a good scientific model.  Model criteria should be established—they should be clear, accurate, provide explanation. 


In Lesson 2, the teacher will lead a discussion about how scientists use aquaria to test ideas about ecosystems. The students will construct a classroom aquarium and begin monitoring the water quality. The students will be asked to draw preliminary models (on paper), explaining how many fish can survive in an aquarium and why. The students will apply the model criteria they established in Lesson 1 to their models. The students will be then introduced to the PMC2E terminology, hypermedia and the ECOMODELER software. The students will transfer their paper models into the ECOMODELER software. At this point, students will be invited to visit the hypermedia before finalizing their models in ECOMODELER. Next, the students will use a Fish Spawn NetLogo simulation to learn about carrying capacity in an aquarium. The driving question for this lesson will be “what determines how many fish can survive in an aquarium ecosystem?” The teacher will engage the students in a short discussion on carrying capacity. The students will refer to the Aquarium Hypermedia and revise their models based on the Fish Spawn NetLogo and the hypermedia. 


In Lesson 3, the students will watch a two minute film, which highlights the problem of eutrophication  (and resulting fish kills) without explaining the cause. The students will revisit the modeling criteria. The students will be asked to draw preliminary models in the ECOMODELER explaining what they think is causing the fish to die. The students will be given data from a representative pond to analyze to determine if it supports or contradicts their models. Students will then revise their ECOMODELER models. 
In Lesson 4, the students will manipulate two carbon/oxygen NetLogo simulations to try to determine what factors might be causing the decrease in dissolved oxygen observed in the pond data. The first simulation will show the phenomenon at the macroscopic level, the second simulation focuses on the functions and behaviors of the structures at the microscopic level.  Students will also be introduced to the Pond Hypermedia that provides information helpful in understanding what is happening in the simulations. Using this new information, students will revise their ECOMODELER models and construct a class consensus model.


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 animation (at: http://new.coolclassroom.org/adventures/explore/plume/39), followed by discussion of possible natural sources of nitrates.

Lesson 1- Intro to modeling  (3 periods)


The students will engage in a broad discussion about ecosystems. The teacher will scaffold the conversation around factors that afford life and those that constraint (limit) life within that system. The students will then engage in a content-light modeling activity to help build their understanding of the role of models in scientific reasoning. In the activity, Intro to Models, the students are presented with a set of representations and asked to discuss which representations are examples of scientific models. Next the students are presented with pairs of models and asked which model is better and why. This activity serves as scaffold toward forming a list of model criteria by which models can be evaluated.

Lesson 2 – Designing an Aquarium, Fish Spawn and Carrying Capacity  (5-6 periods)

In this lesson the students will design an aquarium that they will later be able to use as a tool to test hypotheses when they students a particular natural aquatic phenomenon (eutrophication). The teachers will begin this activity by discussing how scientists use aquaria to test ideas about ecosystems. The class will brainstorm what components should be included in the aquarium. 


The students will be asked to work in small groups and draw preliminary models (on paper), explaining how many fish can survive in an aquarium and why.  The teacher will give a benchmark lecture presenting the PMC2E modeling framework. Students will draw these preliminary models on large sheets of paper using colored markers. The students will then be introduced to the aquarium hypermedia and the ECOMODELER software. The students will then transfer their paper models into the ECOMODELER software by using PMC2E and the aquarium hypermedia. 


The teacher will bring up the issue of how many fish can an aquarium support. The class will investigate this issue using a Fish Spawn NetLogo simulation. From the simulation, the students will conclude that there is a limit (carrying capacity) to the population a tank can sustain. The teacher will lead a discussion on carrying capacity and explain to the students that the notion of stuffing as much as we can in a tank may not be the essence of building a healthy aquarium. The students will be given a chance to revise their models by using the hypermedia and the evidence from the Fish Spawn simulation.
Lesson 3  –  Introducing the Problem of the Eutrophic Pond (5-7 periods)


Students will be shown a brief 3-minute news clip, which highlights a problem facing many ponds nationwide. In the early spring/summer, the ponds become filled with an unidentified green muck. As the problem worsens, the pond water turns brown and dead fish are even found floating in many of the ponds. The students will be charged with the task of evaluating solution to this important problem. In order to do so they must understand what is causing the fish to die. The students will visit modeling criteria. The students will then create preliminary models in the ECOMODELER trying to explain why the fish died. 

The teacher will guide the students in a discussion of the differences between their models, both in terms of visual representation and underlying explanation. Students will discuss what characteristics constitute a good model. This discussion will lead to a revised list of model criteria, which will be posted on the classroom wall and revised throughout the unit. 

The teacher will look through the models and group them into categories of similar explanations. Three general categories of explanations should emerge:

1. Heat/Temperature is the culprit: the increased sunlight allows the green muck to grow and the increased temperature kills the fish. In this explanation, the green muck and dead fish have a common cause but are not related to each other.

2. Pollution/toxins: the green muck may be poisonous or be a sign of pollution and it is the poison/pollution that kills the fish. In this explanation, the green muck may be considered non-living.

3. Lack of essential life elements (oxygen/food): In this explanation, the students hypothesize that the fish are missing something needed for survival, which could be oxygen or food.

If needed a 4th category can be added. The teacher should post an example of each category of model for reference in the future lessons. The students will discuss what predictions come out of each model and what data needs to be collected to test those predictions. 


Now that 3 categories of explanations for the fish deaths have emerged, students will analyze additional data from the pond to determine if any of the models are supported or refuted. Students will be given a packet that includes 7 pieces of data with question prompts to help scaffold their understanding of the data. The 7 pieces of data will include:

· Temperature range of tolerance graph for a species of fish in the pond

· Graph of pond water temperature over the course of the year

· Graph showing the concentration of chlorophyll-a in the pond water over the course of the year (this is a method of measuring the amount of algae in the water)

· Necropsy data table showing fish died due to suffocation, no toxins, normal weight

· Dissolved oxygen range of tolerance table for fish 

· Graph showing the level of dissolved oxygen in the pond over the course of the year

· Water quality graph showing the concentrations of ammonia and nitrates 


Students will use that data to make revised ECOMODELER models that explain the cause of the fish deaths. The students should record, in notes section of the ECOMODELER software, what changes they made to their models and what evidence caused them to make those changes. In the same notes section, students should also write a list of questions that they still need answered to complete their models. At this point there will still be some variation among student models; however, all models could include the idea that the green muck increases with increasing temperatures in the spring and summer, the fish die when the dissolved oxygen in the pond water gets to low, and the fish deaths are preceded by a rise nitrates in the water. In this way, elements of all 3 categories of preliminary models appear to be correct. The students will be given a copy of each group’s model and asked to sort those models into categories based on their explanations. The class will discuss how the groups sorted the models and why. At the end of this lesson, students will be left with the open questions of (1) what causes the decrease in dissolved oxygen? and (2) what are these nitrates and why are they important?

Lesson 4 - Simulating the Role of Carbon and Oxygen in NetLogo (5-6 periods)


In this lesson, students will manipulate two carbon/oxygen NetLogo simulations to try to determine what factors might be causing the decrease in dissolved oxygen. Two questions were left at the end of lesson three, and this lesson addresses the first question, because we thought the students would find that question more pressing. The first simulation will show the phenomenon at the macroscopic level. The simulation will include the following visible components, inputs, outputs, and behaviors:

· Visible components: Fish, fish food, algae (amorphous green blobs), nutrients

· Note: Fish/algae disappear when they die

· Inputs: add fish, add fish food, add algae, add plant nutrients

· Outputs: graph showing concentrations of O2 and CO2, graph showing the mass of living fish, dead fish, living algae, dead algae

· Note: to simplify the second graph, maybe we can try having the dead fish can be a lighter shade of the color of the living fish and the dead algae can be a lighter shade of the color of the living algae

· Behaviors:

· If the algae population is balanced with the fish population, the system will be in a state of equilibrium with stable amounts of fish and algae and dissolved gases.

· If the fish population is too high in comparison to the algae population, the amount of dissolved oxygen will rapidly decrease, killing the fish, but the algae will survive.

· If excess nutrients are added to the system, the algae population will exceed carrying capacity and crash. As the dead algae are decomposed (by bacteria, which are not visible at the macroscopic level), the amount of dissolved oxygen will decrease rapidly causing the fish to die.

This simulation will allow students to conclude that as the algae die in large numbers, the dissolved oxygen decreases, killing the fish. The teacher should give students 10 minutes or so to manipulate the simulation and jot down observations, without worrying about precise data collection. The class should then discuss what they noticed and what testable hypotheses they would want to investigate more systematically. The students will then return to the simulation and collect data more systematically filling out a data worksheet. There may be several alternations between observational runs of the simulation and more systematic experimental runs. When the students have finished with the simulation, the class should discuss their conclusions and what they think might be causing the oxygen levels to decrease when all the algae die.


Next, the students will look at a NetLogo simulation that allows them to peak into the microscopic processes that underlie what they observed in the macroscopic level simulation. The simulation will include the following visible components, inputs, outputs, and behaviors:

· Visible components: Living algal cells (green circle in the same shade as the algae from the previous simulation), dead algal cells (appear brown), decomposing bacteria, O2  and CO2
· Inputs: add algae, add plant nutrients, add bacteria

· Outputs: graph showing concentrations of O2  and CO2, graph showing the mass of bacteria, living algae, dead algae

· Behaviors:

· Adding plant nutrients will increase the growth of the algal cells. However, if excess amounts of nutrients are added, the algae population will decrease rapidly, causing a rapid increase in the decomposing bacteria, causing a rapid decrease in dissolved oxygen.

· At non-excessive nutrient levels, the bacteria and algae population will fluctuate in a predator-prey relationship. 

After the students have manipulated the microscopic level NetLogo, the teacher should stop the class to discuss what they learned from the macroscopic NetLogo model and what they see in the microscopic NetLogo that was not visible in the first simulation. The teacher should make sure the students understand that the algal cells in the second NetLogo are what ones sees when they zoom in on the green muck visible in the macroscopic level simulation. Looking at wet mounts of algal cells under the microscope can facilitate this understanding. Algal samples can be collected from a local pond or ordered from a lab supply company. At this point (if they have not done so already), the class should agree that the green muck is made of living cells. 


With this knowledge, the students should be given additional time to manipulate the microscopic NetLogo simulation. They may then also consult any sections of the hypermedia they consider relevant. The class should discuss their observations and reach a consensus on what conclusions they can draw from the data. Students will use that data to make revised ECOMODELER models that explain the cause of the fish deaths. The students should record in Notes section of the ECOMODELER software what changes they made to their models and what evidence caused them to make those changes. In the same notes section, students will also write a list of questions that they still need answered to complete their models. At this point there will still be some variation among student models; however, all models could include the idea that if there is too much nutrient input, the algal population rises rapidly and crashes, when the algae population crashes, the bacteria population increases rapidly, and the dissolved oxygen decreases rapidly, causing the fish to die. 


In groups the students will revisit the model criteria and discuss any changes they think should be made. As a class, the students will reach a consensus on a revised set of model criteria. Next, the class will construct a consensus model using all their information to date and making sure the class model fits all the model criteria. Students will be left with the open questions of (1) What are these plant nutrients and where do they come from? and (2) do these plant nutrients have anything to do with the nitrates that were in the pond data in Lesson 2?

Lesson 5 – Replicating Eutrophication in an Aquarium Posing Environmental Solutions (3 periods)

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 animation (at: http://new.coolclassroom.org/adventures/explore/plume/39), followed by discussion of possible natural sources of nitrates. Next students will investigate possible solutions for a eutrophic pond. 

Possible solutions:

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

2. Copper algaecide- can be harmful for other organisms

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

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

5. Wait for seasons to change
Students will model each of these solutions in the small containers and predict what effects they would expect each solution to have.  They will then create a final class consensus model and discuss the implications of their mitigation solutions on their own future actions as citizens.



Unit Backbone








Page 1 of 6
Page 6 of 6

