
Virtual Lab: Applying the Scientific Method


OBJECTIVES:
· Apply the scientific method to develop and test a hypothesis.
· Microscopically observe a Daphnia, and locate major internal organs (particularly the heart).
· Collect heart rate data.
· Represent collected data in a graph to reflect observed trends.

INTRODUCTION
Revisiting the Scientific Method 
In this experiment, we will also be revisiting some terminology regarding scientific method. Recall that a hypothesis is the best explanation a scientist (such as yourself!) can propose to explain the observations that he or she has made. Besides being the best explanation for a natural phenomenon, a good hypothesis must be falsifiable and must be able to predict future occurrences (such as those in a given experimental set up).
Hypotheses can be tested by running experiments. Often, experiments done in labs involve comparing measurements of an experimental treatment group against those of a control treatment group. The control group is utilized to give a baseline measurement, as these samples/individuals do not receive any experimental treatment. The experimental treatment group consists of samples/individuals that do receive the treatment(s) under investigation. In the case of this experiment, the treatments are exposure to ethanol or a temperature change.
Finally, let’s talk about the data that can be generated via controlled experiments. The independent variable is what the experimenter intentionally changes/manipulates during the experiment. The dependent variable is what the experimenter expects to change as a result of the independent variable, or what is being measured.

Test subject: Daphnia, the Water Flea
Daphnia is the genus name of a group of tiny aquatic crustaceans, which are perhaps more fondly known as “water fleas.” These animals are from 1-5mm in length, so although we may be able to detect them with our naked eye, we need to utilize a microscope to see them in fine detail. And they are a sight to behold! While all arthropods have an exoskeleton, Daphnia’s is especially useful to us in lab because its exoskeleton is transparent. Because of this, we can see into the body of Daphnia, allowing us to observe its internal organs. As you will see, its heart is on its back.
In this lab, we will study the effects of a chemical factor (ethanol) on the heart rate of Daphnia. Some chemicals may affect the heart rate of an animal by interfering with neurotransmitters that normally help regulate the heart rate. Chemicals that speed up heart rate are known as stimulants, and those that decrease the heart rate are called depressants. In humans, ethanol (also called ethyl alcohol) is a depressant.
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PROCEDURES

 Part A: Initial Observations of Daphnia

1. Use the link below to access a video of a cute Daphnia. Watch the video, and as you do so, draw a sketch of the entire Daphnia organism in your lab assignment. Label its heart, antennae, eyespot, and intestinal tract. Indicate the total magnification at which this is viewed at (you will need to look at the description just below the video in YouTube).
 https://www.youtube.com/watch?v=2g-04Uk0ut0


 Part B: Measuring the Effect of Ethanol on Daphnia Heart Rate

Now, let’s track the heart rate of a real Daphnia, and see how ethanol affects it.

2. Form a hypothesis about the effect of ethanol on the heart rate of Daphnia. Use your hypothesis to complete the prediction statement in your lab worksheet.
3. Next, you will need to count the heart rate in an untreated (control) Daphnia, in order to get a baseline (control) heart rate count. To do this, go to the address below. This video consists of four clips of Daphnia. The first is an untreated Daphnia, and the second, third and fourth clips are different Daphnia that have been exposed to 10% ethanol (three trials of the ethanol exposure).
 https://www.youtube.com/watch?v=I_XxPiSNyAQ
4. First, collect data on the untreated Daphnia. Count the heart beats for 10 seconds. Note that the clip is not timed for you—the clip lasts longer than 10 seconds. This heart beats fast! It will help to have a timer or another person who can time your 10 seconds. Record the number of beats that you count in 10 seconds in Table 1 (“Untreated – first count”) of your lab worksheet.
5. It’s difficult to get an accurate count when the heart is beating so quickly! So let’s count it one more time. Rewind the clip of the untreated Daphnia and count it again, for another 10 seconds. Enter this in Table 1 (“Untreated – second count”).
6. Calculate the beats per minute for each count, and add these to your Table 1. Then, determine the
 average of those two beat-per-minute values that you calculated, and add it to your Table 1.
7. Next, you will see how ethanol affects the heart rate. Proceed in the video to the first Daphnia that has had 10% ethanol added to its surroundings. Count the number of beats in 10 seconds, and record that in Table 1 (“10% ethanol – trial 1”). Repeat this for the other two Daphnia in the video, which will be trials 2 and 3 in your data table.
8. Calculate the beats per minute for each of these three Daphnia.
9. Next, calculate the average beats per minute with 10% ethanol, and enter this in your Table 1. Table 1 should now be completed (all of the boxes should be filled in).
10. Construct a bar graph to represent your data. There should be two bars, one representing your average beats per minute count of the untreated Daphnia, and one representing the average beats per minute of Daphnia exposed to 10% ethanol. (See the section on Graph Styles on the next page for a refresher on what this graph should look like.) Note that there are additional instructions in your lab worksheet that you should follow in order to construct a clear graph. In order to make this graph, you will need to identify the independent variable and the dependent variable in this experiment.
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Notes on Data Analysis
Because there is variation among individual Daphnia with respect to their response to drugs, it is good scientific practice to report the average response of many individuals. If you were doing this study in a research lab, you would need to count the heart rates of many, many Daphnia to feel confident that trends you observed were truly representative of an effect of ethanol, rather than just a coincidental finding in a few individuals.
Graph Styles
For your part B graph, you will be plotting your data in a bar graph style. Below is a generic example of this type of graph, to give you an idea about the style I am looking for in your lab assignment. Note that the graph has labels for each axis. (However, they are missing units—in the bar graph, does “200” represent centimeters? inches? Be sure to include units on your axis labels!)
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Lab Worksheet:
Daphnia Heart Rate Lab
INSTRUCTIONS: Option 1: Print this lab and complete it as you proceed. When finished, take a photo and upload it to the lab assignment page in Canvas. Option 2: if you don’t have a printer, you may type your responses and submit the typed document in the lab assignment page in Canvas. Draw your sketch and graphs on your own paper and take photos of those to submit in the lab assignment page also.




Part A: Initial Observations of Daphnia
1. Sketch a Daphnia in the circle on the right. Be sure to
label the heart, antennae, eye spot, and intestinal tract




eye spot



antennae



intestinal tract
.




Total magnification: 4_ X

Heart





Part B: Measuring the Effect of Ethanol on Daphnia Heart Rate
2. Summarize your hypothesis about the relationship between ethanol and Daphnia heart rate by completing this sentence:
“I predict that after exposure to ethanol, the heart rate of Daphnia will  	
(increase or decrease) because …
I predict that after exposure to ethanol, the heart rate of Daphnia will decrease because ethanol is a depressant hence slows the heartbeat.






3. Results: Record your measurements in Table 1 below.
Table 1. Daphnia heart rate data collected from ethanol trials.


	
	Beats in 10 seconds
(your counts)
	Beats per minute
(calculated)
	Average beats per minute
(calculated)

	Untreated – first count
	32
	192
	
191`

	Untreated – second count
	31
	186
	

	10% ethanol – trial 1
	27
	162
	

120

	10% ethanol – trial 2
	20
	120
	

	10% ethanol – trial 3
	13
	78
	




4. Plot your averages data from the last column in the Part B graph below. Be sure to do the following:
· Title your graph with a title that describes the purpose of the data.
· Label each axis of your graph. Remember that the independent variable goes on the x-axis, and the dependent variable on the y-axis.
· Use the entire graph: Tailor your y-axis scale to your data. (Your y-axis values should range from 0 to a number that is slightly above your higher data point.)
· Label each bar on the x-axis of your graph. Remember, since you are only plotting averages data, you should only have two bars in this graph.
· Fill in/shade the bars.

5. Data analysis: Was your original hypothesis regarding the effect of ethanol on the heart rate of
Daphnia supported or contradicted by your results? Explain your answer in 2-3 sentences.
The experiment proved the hypothesis right since the average heat beats per minute were reduced after treating the organism with alcohol compared to before ethanol treatment. Ethanol is a depressant chemical hence slows down the heart rate of the organism
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