Handout 2 - Running the Model

The following is a step-by-step set of instructions for running the CoralReef model in the NetLogo environment. A set of questions follow that should be completed once you are comfortable working with the model. To complete this exercise, you will need to do two things:

1) Download the NetLogo program and install it on your computer. Make sure you download the version for your operating system (OSX vs Windows). The program can be downloaded for FREE from:
http://ccl.northwestern.edu/netlogo/download.shtml

2) Download the CoralReef model from the site where your instructor has saved it.

Both must be present on your computer. The specific model is NOT actually in the NetLogo program. That is simply a platform within which you create and run models.
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Figure 1. CoralReefs start-up screen. The tabs at the top (red rectangle) allow you to view background information and actual model code. The "Tuning Tools" (red box to the right) allow you to fine tune the input conditions if you don't want to use the actual program code (we won't touch these). At start-up, you can click on the "3D" button (red circle) to create a separate viewing window before running the model. 

Launching the Model: Double-click on the file CoralReefs-V5.1,nlogo. You should see something that looks like the window shown in Figure 1. The tabs at the top allow you to see the actual model interface, some background information on the model and the actual code for the model. You will run the model in the Interface mode. At the right are five sliders labeled "Tuning Tools". These allow for the modeler to change factors related to reproductive strategies, metabolic costs and food value for grazers. You should not change these or your model may run very differently than everyone else's and not be comparable. 
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Figure 2. Simulated view of the reef surface looking down from the surface. The orange semi-circles are coral, and the green tufts are algae. Fish and urchins move through the system looking for algae to eat.  The slider labeled “normal speed” in this view is used to speed up or slow down the model. This can be turned into a 3D View by clicking-and-holding on a corner of the window and moving the mouse until you get something that simulates a swimmer looking obliquely at the bottom.

Setting Up the Model: Just in case they got changed, make sure the Tuning Tools are set as follows: 

Algal Reprodu...	25
Urchin Repro....	420
Fish Reprodu...	422
AlgaeE4Urchi..	3.1
AlgaeE4Fish.....	1.7
FishSwimCost.	3.5

Resize the Interface window to hide the "Tuning Tools" sliders and show only the left half of the window.

At this point you have two options for running the model. Try each and see which you like best for your purposes.
1. You can simply run the model as it now appears and get a series of graphic outputs. These will show you the relationships between fish and algae on one graph and corals vs algae on the other.
2. You can click on the small 3D button in the top-right corner of the black window in the background. This will open a second window that is a view looking down on the reef (Fig. 2). 

If you choose the 3D option, you can change from a top-down view to a true 3D view by clicking and holding on the lower left corner of the tan surface and moving the mouse until you get the perspective you want; an oblique view (ca. 45°) works well for starters.

In the 3D window, the orange semicircles are corals. The green tufts are algae. Fish and urchins can be seen moving through the reef looking for algae to eat. Each time a fish or urchin encounters an alga, they eat it. Fish and algae have pre-determined lifetimes, and will die when they either reach this age or starve due to not finding algae for an extended period of time. Algae do not die in this model unless they are eaten. The corals appear to jump around. This reflects corals being overshaded by algae - or dieing after a pre-determined interval (in this model, every 125 years). During a recruitment event; larvae succeed if they are not eaten and they settle on a patch that is not occupied by either algae or another coral.  More algae make coral recruitment more difficult and will outcompete corals next to them.

Controls:

	Buttons - On the left, two lavender buttons are used to configure (Setup) the model with the starting conditions you have set (more on this under "sliders") and set the model in motion (Start). You can also click on the Start button to interrupt the model and continue from where you left off. To rerun the model from scratch, you need to 1) stop the model (click the Start button), 2) reset the model to some initial set of conditions (click Setup) and 3) rerun the model from the beginning (click Start again). To continue an interrupted model, do not click on Reset; just press Start again.

	Sliders - Below the control buttons, you will find two sets of green “sliders”. The upper 4 "Setup Parameters" establish the conditions at the start of each model run.  Numfish, Numcorals and Numalgae define how many grazers, corals and algae will exist when the model starts. Once you set these, they should remain untouched. The fourth slider, RecruitProb, can be used to adjust the likelihood that coral larvae will settle successfully during a mass-spawning event - once a month or once a year. The higher this number, the more likely a coral larva will settle and make a new coral. We will hold this constant in this exercise. 

Below those, the two sliders labeled Human Pressure control factors related to human interference with the natural system. NutrientLoad increases nutrient input to simulate the results of increased land clearing, agricultural runoff and sewage related to coastal development, boating, etc. FishingPressure mimics the impacts of greater fishery depletion (i.e., you are progressively overfishing as you move the slider to the right). These are relative values and do not represent any specific nutrient level (mg/l) or catch rate (tons/day) for reef fish. Higher numbers simply indicate an arithmetic increase in pressure and will tend to produce deleterious effects.

	Speed - If you choose to run the model with the 3D window hidden behind the graphs, you can control the speed at which the model proceeds using the blue ball near the top of the window. If you selected the 3D option, this slider will appear at the top of the 3D Window but operates identically.

Output Windows:

The tan area of the Interface Window labeled "Controls of Reef-Community Structure" contains two graphs that summarize the changes in coral cover, urchins, grazing fish and algae. For now, the urchins have been "turned off" to make things simpler. The upper graph provides important information about the interactions among the main players, but you will be most interested in the relationship between fish (pink) and algae (green) for this set of runs. The three white boxes to the right display the actual numbers shown by the graphs at any point in time. The lower graph keeps track of the relative abundance or coral, algae and “others” (primarily open hard substrate and sand - also turned off for now). This graph is similar to the way that we report the results of monitoring surveys (e.g., percent cover from quadrats, transects, etc.). 

MODEL SCENARIOS

Note to the Instructor: This is actually a KEY with the answers to the questions in red boldface. These will obviously need to be removed before you hand them out to students. Also, remember that the variability that is designed into the model will usually result in one student having slightly different numbers than all the others - and occasionally VERY different results. This is by design and comes into play in the DISCUSSION (Step 4).

Simulation  Set 1 (pre-Homo stupidus reefs): 
· Double check the "tuning Tools" settings (p. 2)
· Using the sliders for Setup Parameters to set the number of fish, coral and algae to be:
· Numfish = 4
· Numcoral = 4
· Numalgae = 10
· RecruitProb = 11.0
· Set NutrientLevel at 30. This simulates “normal” nutrient inputs
· Set FishingPressure at 2 to simulate limited artisanal fishing practiced by small numbers of humans living near the reefs
· Set model speed to ca. 30% (i.e., to the left of center using the blue dot)
· For a first run, choose 3D and adjust the perspective to more of an oblique view
· Click on Setup to initialize the model with these settings
· Click on Start to begin the model

Spend a little time just watching the model and just get a sense of what all the fish swimming through and all the corals and algae shifting around reflect. Remember that the corals and algae are not "moving"; they are dieing and recruiting in different places. 

Once the model runs past 5000 timesteps, click on Start to interrupt the model. Look at the graphs to see what the "video" on the right has been showing you. Corals, algae and fish have been gaining and losing in what look like pretty random patterns. Actually, they aren't random at all, and if you run the model long enough, a sort of "dynamic equilibrium" will occur where there are fluctuations but things vary around some "normal" values.... almost all the time anyway. Click on Start again to resume. At this point, all you want to do is get comfortable with the interface and understand what the graphs are telling you. 

As the model is running, remember that the primary controls on algal abundance are nutrient levels (make it easier to reproduce and grow) and the number of fish (more fish will eat the available algae faster). Typically, the number of grazers (primarily fish) will initially rise dramatically (rampant reproduction) at the start of the model and then subside as they run out of available food. After this initial burst, the model should settle into some routine that will either persist over time or go permanently to some extreme. Slow the model down by dragging the blue ball in the Speed Slider to the left (remember that it can be in two places depending on whether you enable the 3D option or not). 

If the model has gone too far already and the graphs are so compressed that you can't see anything, simply stop the model (click on the Start button), reset the model (click on the Setup button) and restart the model (click on the Start button again) with the same conditions and a slower speed. It will take a little time to figure out what works best for you (how quickly are you catching on?) and your computer (how fast is the processor), so just try it until you get something you like. 

After you have watched the model running at a slower speed where you can see the algae and fish rising and falling in abundance in the upper output window, think about what you are seeing. We will discuss this in class, but for now, think about what is controlling this pattern. What happens when the algae get really high or really low? How do extreme values get brought back into line? This is the crux of the relationship between coral, algae and grazers discussed in class.

Instructors' Note: I have placed the expected answers (simplified) in red so you can use this as a key. The answers will need to be removed, keeping the size of the answer box about the same to signal the detail you are looking for in their answer.

QUESTIONS: What causes the “boom and bust” pattern of grazers? When do they do better? What causes them to decline in numbers?

There is a lot of low-level “noise, but, at some point after the algae increase, fish also increase as more “food” is available. When algae get sparse (over-grazed by too many fish), fish decline due to lack of food. The cycle repeats in a pattern of "dynamic equilibrium" that reflects the balance between too much and too little algae.


How about algae? 

Pretty much the same. Algae are low when there are a lot of fish. But, when fish decline from starvation, this allows algae to increase after grazing pressure is reduced. Again, this demonstrates "dynamic equilibrium". This is a classic biological "predator-prey model". Note: this will hold until you start increasing nutrients.


Once you’ve figured out the relationship between the fish and algae at slow speed, turn your attention to the lower graph. To get a longer-term view of the community structure, slide the speed slider (blue dot in the 3D View Window) to the middle. This will make it harder to view the relationship between fish, algae and corals in the top graph, but will give you a better sense of the “dynamic equilibrium” that develops over the longer term between coral and algae on the reef. At this point, the 3D window is not particularly useful. If you see a sudden change in the relative abundance of corals versus algae, slow the model down and look at the top graph to see what is happening with the grazers. Remember, that you can stop the model to look at something surprising or slow the model down to look at the scenario more carefully. This does not change anything except plotting speed - unless you hit Setup.

The X-Axis Changes - At the beginning of the model run, the time line extends from 0 to 500 time steps (ca. "days"). This allows you to get a more expanded view off the early progression. You should probably watch most runs at slower speed until the graphic space is filled. This will allow you to look at the nature of the interactions (what goes up or down first; what changes in response; what is affecting what?).

Once the run time exceeds 500 “days”, the maximum-time value increases and the graph becomes increasingly compressed. The short-term variability that was apparent early in the run will get progressively harder to discern as time goes on. As a result, the patterns may appear to be getting less variable. However, remember that the variability you saw in the early experiment is still occurring - it is just “hidden” in the increasingly compressed record. Paleontologists talk about “time averaging”– as you shift from the short-term, biological scale to the mid-term historical scale and eventually into the log-term geological scale. Shorter-term patterns get either compressed, removed by things like diagenesis or averaged out.

For this exercise, we are going to re-run the model 6 times (click Start-Setup-Start) until the maximum value on the Time-axis reaches about 30,000 each time. Unless the model does something very different, you can speed the run up to get to 30,000 faster - we are more interested in the larger pattern than the details at this point. Each time you rerun the model, try to remember what it did the previous times and note if there is anything really different in a particular run. This will get increasingly important as we start to ads stresses.

Summary: Stop the run at ca. 30,000. Look at your graphs for corals and algae.  For each of the 10 runs, write down what seems like a reasonable “average” value for the coral and algae abundance once things "settled down". Also note the general range over which coral abundance varied throughout the latter half of the run.







Run	Coral Average	Coral Range	      Algae Average
Instructor: In the discussion, ask for "overall averages based on all six runs. Then, ask for any outcomes that are significantly different from what is already up there. Ask the class to come up with a consensus for "typical" values and how often the odd outcomes occurred. At this point, "normal" runs should account for >90% of the student data, but thee may be a few really odd outcome - talk about these too.
1.
2.
3.
4.
5.
6.

Based on your data, are the patterns pretty much similar or do they vary significantly from run to run? There are occasional outliers and algae might spike for short bursts, but the 6 runs were usually pretty much the same. Note: Some small number of students may report a total collapse of the reef in 1-3 runs. This is part of the randomness that is built into the model to reflect that bad things can happen even in "ideal" situation. That's nature!!!!




Describe the temporal patterns in coral abundance. What is a "typical" coral value for these "healthy" reefs?  There are generally small variations (and an occasional drop), but coral remains mostly high (>30%).






What do you think this is this telling you about the response of the reef to the conditions represented by the model at this time?  There is some instability, but in general, the corals appear to be doing fine. If algae spike, they generally go back down as fish increase and bring them back in line (here, there is low fishing pressure so the system can respond quickly). However, in rare occurrences, algae took over for good.





Simulation Set 2 (Higher Nutrients):

Reset and Start the model at a speed (blue dot) that allows you to see the short-term changes, especially in the top graph, early on. Start with the same initial conditions from Simulation 1. Once the model reaches a run time of 3,000, move the NutrientLoad slider over to 40. 

QUESTION: Describe how the behavior of the model changes. In general, coral might drop and algae might increase but whatever happens, is a lot more variability both within runds and between the outcomes of runs. In a couple, the algae just take over. Grazers probably rise slightly, but the big thing is that variability starts to increase.



Explain what is going on and how the variables are interacting differently than before. Algae have gained in importance overall. Increased nutrients are allowing algae to take up more space. As this inhibits recruitment, coral numbers go down. While corals are still “in charge”, their dominance is being threatened and algae periodically take over – in a couple of instances perhaps, for good.



Now, rerun the model 3 times (total will be 4). You can start the model with nutrients set at 40 (i.e., don’t worry about initial runs with lower nutrients for the first 3,000 “days”) and you can keep the speed up around 50–70% (but interrupt and restart the model to look at anything interesting).

QUESTIONS: What are “typical” values for coral and algae in this new scenario. 

Run	Coral					Algae		
1.
2.
3.
4.

How has this changed from Simulation Set 1? Corals have generally gotten less abundant as algae have risen. Also, thee is more variability; things come and go more).

What factors are responsible for these patterns? Higher algae are a response to nutrients. This, in turn, limits space for corals. 

Is there more variability within and between runs than at lower nutrient levels? If so, explain. Yes. The variability reflects the increasing competition brought on by nutrient-enhanced algal growth.

Now, rerun the model, increasing NutrientLoad by 5 each time in the Setup – stop each run at T=30,000 unless something unusual appears to be starting to happen. You can keep the speed a bit higher to speed up the process, but be careful to not set it so high that you don’t see what’s leading up to possible dramatic changes. 

Once you have found a critical value, you may want to try a couple of additional runs at that level (above and below the "crutical" value) to make sure the threshold value you found for NutrientLoad is reliable.

At what level of Nutrient Loading did you see coral consistently drop below 5%: 	70-80	

Let’s try one last run with nutrients elevated into a range where most of the runs already showed dramatic coral decline and algal proliferation.. 
· Set NutrientLoad at 80
· Start the model
· After T = 3000, reduce NutrientLoad to 30.

QUESTIONS:

What happened initially? Algae increased dramatically and coral cover remained low. In some cases, fish rose and fell while algae stayed high (note: this is a function of life cycles built into the model).

What happened when you lowered NutrientLoad to 30? Why?  The reef recovers rather quickly, i.e., algae come down and coral rises back up. We have reset the Human Pressure to the pre-Homo stupidus levels of SImulation Set 1 and the reef has responded accordingly.

What does this tell you at this point in our experiment? If you return stresses to low initial levels, the reef can come back (note: in this model, other potential stressors are kept constant. A good discussion pint is to ask what might happen if increased temperature, disease or some other factor had come into play a before nutrients were abated.)
Have we been modeling a top-down or a bottom-up scenario? Explain This is a bottom-up scenario inasmuch as we are affecting something in the physical environment or habitat.










Simulation Set 3 (Elevated Fishing Pressure):

At this point, stop the model and reset the initial conditions as follows:

· Set the number of fish, coral and algae. For our first run:
· Numfish = 4
· Numcoral = 4
· Numalgae = 10
· RecruitProb = 11.0
· Set the NutrientLevel at 30. This simulates “normal”, pre Homo stupidus nutrient inputs
· Set FishingPressure at 2 to simulate artisanal fishing needed to support only small numbers of humans living near the reefs
· Click on Setup to initialize the model with these settings
· Click on Start to begin the model
· After the model reaches T = 5000, increase FishingPressure to 15. You can do this on the fly or stop the model temporarily and restart it after making the change (if you do the latter, remember to NOT reset the model; just click on Start again.
· Do this three times; if you run it at ca. 50% speed, it should go quickly; depending on your computer, this may vary and you will need to experiment to find a good speed where you can see patterns develop but not have to watch little squiggles on the graphs all day. 


QUESTIONS: What happens to the pattern in the lower graph? Consider both algae and coral.  Short-term spikes in algal cover start to appear with increasing frequency. However, coral cover does not seem to decrease appreciably.



Reset the model (Setup), keeping FishingPressure at 15. Start it and let it run until dynamic equilibrium is reached, i.e., things go up and down bit seem to stay is some sort of predictable pattern. Then, slide FishingPressure up to 20 and let the model run for 10,000 steps.  Then, increase FishingPressure in increments of 10 until coral cover permanently drops. If you find a threshold where coral cover stays significantly lower than normal or crashes, reset the model with FishingPressure at 20 units below that threshold and repeat the run three times to verify your initial outcome.

QUESTIONS: Describe what is happening each time you increase fishing pressure. Be as specific as possible, paying attention to both graph windows. What is responsible for the patterns that you see? As FishingPressure is increased (i.e., fewer fish are left), the relationship between algae and coral gets less and less stable. By 80 or 90, coral is spending quite a bit of time down near 5, but it still recovers. Maxing this stress out at 100 has mixed results (sometimes corals crash; sometimes they don't) but the corals are clearly getting displaced by algae with more frequency.
At what point did FishingPressure seem to make a real difference? 	80-100	


Simulation 4 - Homo-stupidus gone mad:

Copy your critical NutrientLoad from Simulation Set 2: 		70-80	
Copy your critical FishingPressure value from the box above: 	80-100	

Stop and reset the model as follows:
· NutrientLoad = 50
· FishingPressure = 60
· Click on Setup
· Set the speed slider to the maximum and run the model a few times through 10,000 time steps.
· Click on Start
· Watch coral cover (remember that you can get actual numbers in the white boxes to the right of the top graph.


What has happened? How do the Human Pressure settings relate to the thresholds you listed above?  Coral cover is almost always low and algal cover is high. The threshold values are lower than the critical values recorded above for each individual stress.

What is going on? In combination, the two stresses are causing the system to decline at levels lower than what either stress would create individually.

Now, reset the model as follows:
· NutrientLoad = 50
· FishingPressure = 80
· Click on Setup
· Set the speed slider to ca. 75% 
· Click on Start
· Every 10,000 time steps, reduce NutrientLoad by 5 (it may be easiest to stop the model while you change the settings)

What happened?  Coral cover probably stayed low until NutrientLoad reached the vicinity of 30 (i.e., "natural" levels in Simulation Set 1).

Now, reset the model as follows:
· NutrientLoad = 50
· FishingPressure = 80
· Click on Setup
· Set the speed slider to ca. 75% 
· Click on Start and run the model for 10,000 steps

Alternating between the two, reduce NutrientLoad by 5 and FishingPressure by 10. Let the model run for 5,000 - 10,000 time steps for each reduction. Continue this until coral cover returns to the condition you saw in Simulation Set 1. Once you have found what looks like a threshold for returning to "normal", increase both Human Pressures by 10 or 20 and repeat the run three times to see how reliable your initial predictor was.

At what levels did the reef return to pre-Homo stupidus levels?

· NutrientLoad = 		
· FishingPressure = 			

This will vary quite widely, but generally the stresses will have to be dropped to < 10 for both NutrientLoad and FIshingPressure. The salient point is that you can let pressures creep up to pretty high values with disproportionately low responses. However, once you exceed that "tipping point" you need to go back to nearly "pristine" to bring the reef back to normal in any reasonable timeframe.

How do the values for FishingPressure and NutrientLoad compare to the critical values where you saw the reef really decline in the earlier simulations?  Regardless of the specific values involved, students should report that they had to return stress levels to points well below where the reef "crashed" on the way up.

What does this tell you about what has to be done to return the reef to its natural state once we exceed acceptable stress levels? Environmntal conditions must be returned to levels far more "pristine" than where coral cover was reduced.  Hopefully, they will make the connection that the environmental (and economic) costs of recovery once the system crashes are far more draconian than not allowing it to do so in the first place. This reinforces the idea that natural systems may have "tipping points"

Writing Assignment: You have been asked to make a BRIEF press statement on behalf of the Union of Concerned Coral-Huggers in U.S. News & World Report. Take some time to reflect on the lessons you have learned from this exercise. Jot them down on a sheet of scrap paper. Then, write a short and coherent statement about the controls of “coral-reef health. Take some time on this and write a statement that is to the point (<400 words; even better <250 words) and addresses both environmental and economic perspectives. Remember that your audience will b thinking more about economic growth and costs than nature here, so you need to make an argument that will convince more than environmentally concerned students and citizens. Edit and re-edit it several times so it really highlights what needs to be done to protect reefs and why it makes sense. Print this out and hand it in separately.








[bookmark: _GoBack]Reflection: Summarize below 1) what you have learned about the controls of nutrient and fishing on “reef health” in general, and 2) what the model helped you understand better than the lecture. Try to outline what different things you learned in the different parts of this modile. This will help me fine tune for the nest class. Thanks!
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