LESSON 1: ECOSYSTEM MODELING
Goals:
The goal of this introductory project is to understand the value of using models and simulations to test hypotheses that may be difficult to test in real life. Students should learn to formulate hypotheses, perform methodical tests, and present data-driven results. In particular, students should realize the importance of sequentially isolating parameters to pinpoint the source of a phenomenon. In terms of understanding ecosystems, students should realize the importance of abiotic factors in ecosystem functioning and how these factors can limit possible growth.

Biology Concepts:
· Population modeling

· Abiotic elements

· Limiting factors

· Carrying capacity

· Exponential vs. logistic growth

· Density dependent regulation

· Density independent regulation

StarLogoTNG Programming Concepts:
· Spaceland exploration (camera views, model speed, terrain editing, agent windows, etc.)

· Setup/ Forever buttons

· Sliders

· Graphs

Materials:
· Starter code: 1-carrots.sltng
· Student worksheet and graph paper (in case students want to graph behaviors)

· Projector/ computer for demo

· Blackboard/whiteboard/large paper for brainstorming
About the Model:
The model deals with carrots whose growth rates are determined by five changeable (and one preset) parameters. These parameters can be categorized as either density dependent or density independent. Carrot energy production rate and carrot reproduction rate is determined by the density dependent factors, while carrot death rate is determined by the density independent factors.

SETUP:
The model begins with 50 “carrots,” which follow carrot procedures for survival. There is also one “environment” agent that does unseen work of updating nutrient nuggets (explained below) and performing some calculations. The “nutrient nuggets” created by the “environment” are symbolized by lime-colored patches and are only used to keep track of nutrients.

RESET DEFAULT VALUES:
While the model should begin with default slider values, should they be changed, it is simple to restore the default values with the “reset default values” button. Default values are: sunlight = 100, temperature = 65, soil water level = 50, soil nutrient level = 100, soil nutrient distribution = 25.

FOREVER:

Carrot procedures:

· Increase age +1

· Decrease energy (-0.5)

· Update visual height

· Produce energy +2 (or less depending on density-dependent factors)

· Reproduce (if energy > 10 and fewer than 10 carrots in radius 10)

· Die (if age > 20 or energy < 0, or more depending on density-independent factors)

SLIDERS:

Density dependent factors:

· Reproduction: If carrots have at least energy 10, they can reproduce if space allows.

· Space (preset value): Carrots are limited to 10 carrots within a radius of 10. Outside of this limit, carrots cannot reproduce.

· Energy production: Carrots can produce up to maximum energy per iteration of +2. However, low sunlight, soil water, and soil nutrients can limit the energy production to a fraction. Of those three parameters, whichever creates the lowest fraction is the limiting factor, and only that much energy is produced.

· (Ex. Sunlight is limited to fraction 0.3, soil water is limited at fraction 0.5, and soil nutrient not limited (fraction 1). Therefore sunlight is the limiting factor, and energy production is 0.3*2 = +0.6 instead of +2.)

· Sunlight (slider): Carrots are limited in growth when there is competition for sunlight within radius of 20.

· (Ex. If sunlight level is at 100 and there are 20 carrots within radius 20, then [sunlight/ #carrots] = 100/20 = 5. Since 5 > 1, it is not limiting. If sunlight level is at 10, then [sunlight/ #carrots] = 10/20 = 0.5. Since 0.5 < 1, it is limiting, and the sunlight fraction is 0.5.)

· Soil water level (slider): Carrots are limited in growth when there is competition for water within radius of 20 (same limiting behavior as sunlight).

· Soil nutrient level and distribution (sliders): Nutrients are distributed according to nutrient “nuggets.” The soil nutrient distribution determines how many of these nuggets there are, and the total soil nutrient level is distributed amongst the nuggets (so each nugget has [soil nutrient level/ soil nutrient distribution] amount of available nutrients). During each iteration each nearby carrot that uses that nugget decreases the available nutrients at that nugget by 1 (unless it is used up), and then the available nutrients are replenished.

· (Ex. If there is a soil nutrient level of 100 and a soil nutrient distribution of 25, then there are 25 nutrient nuggets, each with available nutrient level 4. During each iteration, 4 carrots can use each nugget before it is used up.) 

Density independent factors:

· Death: Carrots die if older than age 20 or have negative energy. They also die with some probability according to soil water level and temperature. To implement this probability, each carrot is assigned a “survival” value between 0 and 1 for each parameter. At each parameter value, threshold values are calculated according a function of desired behavior; carrots with survival values above the threshold die.

· Temperature (slider): Carrots grow best at 60-70 degrees. Thresholds are determined by a Gaussian distribution centered around 65 degrees, so all carrots survive at 65 degrees, and survival rates drop off as the temperature gets hotter or colder. The actual equation used: [ threshold = exp(-(temp-65)^2/1000) ].
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· Soil water levels (slider): Though soil water is necessary for growth, too much water in the soil deprives carrots of oxygen, effectively drowning them. Thresholds are determined by a distribution that drops off at high soil water levels. The actual equation used: [ threshold = 1-exp((water-102)/10) ].
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GRAPH:
The graph shows the current carrot population number (line 1), and the slider values: sunlight (line 2), temperature (line 3), soil water level (line 4), and soil nutrient level (line 5). Though the sliders values also appear on the sliders, having them on the graph makes changes and their correlations to population number easier to track.


Possible Modifications:
The intended purpose of the many parameters in this model is to allow students to have many possible hypotheses that they could choose from to test, giving them both a sense of individuality as well as an understanding of the scientific process. However, should you choose to use this model instead with the focus of teaching abiotic factors and population growth, it is possible to modify the project to focus on any particular parameter.

To remove a parameter:

1) Disconnect the slider in the “Everyone” page:
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2) Remove the setter block from “reset default values” in the “Setup” page and place it under “setup” instead:
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3) Remove the parameter from the graph in the “Runtime” page:
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Suggested Lesson Guide:
Part 1: Discussion

1 What makes up an ecosystem?

a) Brainstorm a list on the board.

· This list can help tie together concepts when we return to it in future lessons.

b) Highlight abiotic elements in the list.

2 Introduce the day’s activity.

a) Starting from basics (abiotic factors and producers), build up as we progress.

3 What kinds of abiotic factors affect carrot growth?

a) Brainstorm a second list on the board.

b) Introduce the idea of density dependence versus density independence. Which abiotic factors are density dependent? Which factors are density independent?

4 Explain the idea of using a model of carrot growth in a simulation to investigate the effects of these factors.

a) Why are modeling and simulation useful tools for scientific inquiry?

· Use this to gauge initial student understanding and get students thinking about why they are doing these activities.

b) Note that there are six factors in the model that we can investigate: physical crowding, sunlight, temperature, soil water level, soil nutrient level, soil nutrient distribution.

Part 2: Activity

1 Introduce driver/navigator roles (should you choose to use them).

a) Assign pairs.

b) Get the students on the computers and open the file. 

2 Demo the model first with the default conditions and observe the graph.

a) Discuss exponential versus logistic growth.

b) Note that under default condition the model runs with only physical crowding in play. Discuss the idea of limiting factors and carrying capacity.

3 Give time for students to play with the model, explore the user interface, change sliders, etc. Explain that they will be performing an experiment on the model and see if they can develop any hypotheses based on preliminary observations.

a) Hopefully students will get a sense that there are too many variables if they vary all of the sliders at once and understand that they should hone their investigation to just one or two variables.

b) If the students do not narrow their search to one or two variables, do not force them to do so; instead, keep closer track of them and challenge them to defend their observations.

4 Demo one of the factors (sunlight is the simplest).

a) Vary the sliders by typing in the values (this trick makes it easier to get accurate incremental values).

b) Observe the changes in the graph and draw conclusions.

c) Point out that you can save the graphs in the program.

5 Begin worksheet activity.

a) If students finish one factor easily, ask them to either investigate another or two in combination. Though the factors themselves are independent in the model, they may have different effects on carrot growth when combined (ex. There will only be one limiting factor, depending on which is the most limited.) They may also have additive or opposing effects.

Part 3: Debrief

1 Ask students to present which factor(s) they investigated, whether they thought it was density-dependent or density-independent, and if they were right or not.

a) Ask them to support their conclusions based on the data that they collected.

b) For factors like temperature and soil water level, which have interesting behaviors, see if students could predict what the actual model behavior was.

2 Discuss the model.

a) How can we tell if a model is accurate or inaccurate?

b) In what ways was it accurate to real life?

c) In what ways was it inaccurate? One inaccuracy is that the factors are all interrelated (sunlight affects temperature, etc.)

d) Is the model still valuable even with inaccuracies? 

