APES

Lab 4

Barnacles and Tides

In this simulation, you will complete all the activities for parts 1-6, record all your results, answer all the questions, and provide a final summary of your findings. You will not need to write a formal report. 
Background
Different species live in different places, but why a particular species lives one place and not another is often hard to figure out. One explanation is that the species is adapted to a particular environment. It might not be able to live outside a certain range of temperatures, rainfall levels, or other "abiotic" factors. A second explanation is that interactions with other species, called "biotic" factors, limit where the species can live.

One of the most influential experiments of modern ecology was an attempt to tease apart what set the boundaries for each species in one community. In the 1950s, an ecologist named Joseph Connell decided to study two common barnacle species along the coast of Scotland. Barnacles are small animals who, as adults, live in hard shells cemented to a rock. Unlike the adults, larval barnacles can swim around looking for a nice rock to settle on. When you walk along a Scottish beach, you can see that above a certain line, the rocks are covered by a barnacle called Chthamalus, but have very few of another barnacle called Balanus. However, below this line you find mostly Balanus and hardly any Chthamalus. Connell conducted a series of experiments to determine why each barnacle species is found only high up or low down on the rocks. Your goal in this lab is to come up with your own hypotheses for why this might be, and then test them with some experiments.

In the model for this lab, you are looking at the side of a rock that is completely underwater at high tide. New individuals of both barnacle species are continually trying to settle on the rock. None of the barnacles in the model die of old age, but they can die of several other causes. The tide comes in and goes out every day, and at low tide, the barnacles in the upper part of the rock are exposed to air. This exposure may be able to kill barnacles. It's also possible that barnacles could die from being submerged under water for too long, and never getting exposed to air. In addition, barnacles may die from competition with other barnacles, as larvae may be able to settle next to or on top of an adult barnacle that's already there, and then grow over the top of it. Some combination of these effects is responsible for the distribution of the two species of barnacles on the rock.

Part 1: Starting Up
1. Shrink the instruction panel by clicking on the size control in the upper right of the panel (don't use the control in the window title bar, use the control in this panel).

Several other panels were hidden behind the instruction panel. On the left is a panel called The Rock, giving a view of the rock face where you'll do experiments. This slab of rock is perfectly vertical in the water, and its top is just at the level of the high tide, so at high tide the rock is completely covered by water. At the start, this rock will be empty of species. You can see that right now it's at high tide and the water goes up to the top of the rock. Next to The Rock is a list of the species in the model and their colors. At the bottom of the screen is the Control Panel with the buttons you'll use to control the model.

Part 2: Distribution of Species
1. Run the simulation by clicking on the Go button  in the Control Panel (the green arrow button).

You will see orange Chthamalus barnacles and black Balanus barnacles start settling on the side of the rock. Each orange or black ring that appears is one barnacle that has settled and is growing in that location. Every day, the tide goes out and comes in, and this is represented by air coming down from the top of the rock (low tide) and then going back up (high tide). The height of the tide has a 14-day cycle, so that for each of 7 days the low tide will get successively lower and lower (the air will come farther down the screen before receding), and for the next 7 days the tide will go back up. This tidal cycle comes about because tides are caused by the moon - as the moon waxes and wanes, the tides get larger and smaller.

2. Watch the simulation until you see a very clear distribution of the two barnacle species. Write down a short description of this distribution, and how it relates to the tide.

3. Now write down at least three hypotheses about why you see the two species of barnacles distribute themselves as they do. You may want to re-read the introduction to remind yourself of possible causes for barnacles to live one place instead of another.

Part 3: Watching, Transplanting, and Removing Barnacles
You now need to do experiments to distinguish between your hypotheses. Among the experiments you might try are to look for barnacles dying, to look for whether individual barnacles ever were overgrown by other barnacles, to move barnacles from one place to another ("transplanting" barnacles), and to remove barnacles from different areas of rocks to see who colonizes the newly opened up space. You can do each of those experiments within this program, and the next two exercises tell you how.

1. To see whether a barnacle dies or is overgrown, simply pick a square with a barnacle in it and watch for the square to change. If it changes back to rock and water, that means the barnacle died for some reason. If it changes to the icon of the other species of barnacle that means that the original barnacle was overgrown by an individual from the second species of barnacle.

2. After observing several barnacles, what did you find out? Did the individuals you chose stay the same, become overgrown by the other species, or die?

3. Can you find at least one pattern from the observations above?

You can't quite transplant barnacles within this simulation, but you can place new barnacles in any position you want.

4. To place new barnacles on the rock, first stop the model by clicking on the Stop button  in the Control Panel (the red stop sign button). Next click on the Paint button  in the Control Panel (the paintbrush button). This puts the mouse into Painting Mode.

5. Now pick the barnacle species that you want to transplant by clicking once on its name in the Species window. That barnacle's name should be highlighted in the Species window.

6. Finally, move the mouse so it points at the square on the rock where you want to add this species, and click once. That square will change to the species you added. When you are done adding barnacles, you can run the model again using the Go and Stop buttons.

7. After transplanting barnacles from both species to different areas, did you detect any patterns to where each species could survive?

8. To remove barnacles from a certain area, you use the same procedure as for adding barnacles, except now select Rock as the species that you want to paint on. Then click on the barnacle you want to remove, and that square will change to rock, with no barnacle there. You can hold down the mouse button and drag the mouse to remove barnacles from a whole area of the rock. To keep a species removed for a period of time, you may need to repeat this process every so often.

9. After removing several different barnacles of each species, could you tell if one barnacle species was better at colonizing bare rock than the other?

Part 4: Sampling and Slowing the Model
Here are two more tools that you may find convenient, one that counts barnacles for you and another that lets you run the model slowly.

1. If you want to know the number of barnacles of each species in a certain area without counting by hand, click on the Sample button  on the Control Panel (the butterfly net button). A rectangle will be drawn underneath your mouse as you move it around on The Rock. When you click the mouse button, the program will count the number of each species under that rectangle and report it to you. You might use this as a way of measuring species abundance at different heights.

2. If you need to run the model slowly to see the results of an experiment, you can step the model forward a day at a time rather than running it. To step forward one day, click on the Step  button in the Control Panel (the red / green arrow button).

3. Collect samples to estimate the average abundance of each barnacle species at three different heights. Use your data to explain why taking several samples at each height was necessary. Can you think of other ways to figure out abundances? Why take samples?

Part 5: On Your Own
1. Using the tools described above, design a series of at least three experiments to test your hypotheses from Part 2, and then carry out these experiments. Be sure you repeat each experiment two or three times to make sure that you didn't get some result by chance. Write out the procedure before you begin each experiment, and also write down how each experiment will help distinguish between your hypotheses. Here are some suggestions for experiments:


• 
Try putting a clump of one species of barnacle either high up or low down on the rock and see if they survive, die, or get replaced by the other species.


• 
Try removing all the barnacles from an area high up or low down on the rock and see which barnacle species settle back in.


• 
Try watching particular barnacles and see what happens to them.

2. Were any of your hypotheses correct? Was some combination of them correct? Are you not yet sure? Write down your explanation for what is determining the distribution of barnacles in this system. If you're not yet sure, write down as much as you know, then suggest further experiments that you could use to discover the rest of the story.

Part 6: Other Influences on Distribution of Barnacles

You may have noticed that there is a third species in the model called Nucella, which we haven't looked at yet. Nucella is a species of snail that crawls around below the level of the tide, eating barnacles. It does not exist in all locations along the Scottish coast, but where it does exist it can have a large effect on the distribution of barnacles. To see this, try adding in the snails.

1. Add in snails just as you added in barnacles in Part 3, by selecting Nucella from the list of species and then "painting" in a snail or two.

2. Watch what happens for a little while. Based on your observations, do you think the snail Nucella will have an influence on the barnacles? If so, do you think Nucella will influence each barnacle in the same way?

3. As you did in Part 5, design an experiment to determine if your prediction about Nucella is correct. Use one or more of the procedures you learned how to do above to conduct your experiment. For a further exploration of the type of effect that the snail has here, see the Keystone Predator lab.

Part 7: Report Your Results
What you have just done is a scientific study. In fact, it's similar to some very famous scientific studies that have had a big effect on the field of ecology. No study is complete, though, until its results are reported to the rest of the scientific community, and to anyone else who is interested. You need to report the results from your study on the distribution of barnacles on rocks in the intertidal, using a typical format:

Introduction

Methods

Results

Conclusions

Wrap-up
The intertidal area of the ocean has been a really useful place to find out how species interact with each other and with their physical environment. The intertidal is an interesting place in and of itself and can also be important economically. For instance, that's where you find a lot of seafood. However, the intertidal is only a very small strip next to the world's coasts, so perhaps the general concepts that emerge from intertidal studies are more important than the specific results. Connell's work with barnacles provided some of the first really good evidence that competition between species can be important in a natural situation. It also showed very clearly that there are trade-offs in the way species are constructed. One barnacle may be able to out compete another, but can't survive in as many environments. This type of trade-off is quite common. You never find a single species that is good at everything.

Another thing we learn from this lab is that looking is not enough. You must also do experiments. Without the experiments that we did here, we couldn't know whether the two species of barnacles lived where they did simply because one liked air and the other liked water, or whether they actually competed with each other. Only through the experiments were we able to figure out which hypothesis is right. This is true in general - it's very hard to do ecology without experiments, and if you don't experiment, then many times you get the wrong answer.

 
