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Exploring the Salmon Otolith Data
Created by W. Jones
[bookmark: _GoBack]Introduction: In this worksheet, you will compare the size distribution of two groups of Chinook salmon caught using two different fishing methods; Lake Michigan salmon caught by recreational fisherman using pole and line and Alaskan salmon caught by commercial fisherman with nets.  The first step will be to plot the otolith vs. body length data for the Lake Michigan salmon and describe the relationship.  Next you will use this relationship to estimate the size of the Alaskan salmon based on the length of the otoliths you removed in the previous less.  Finally, you will make a histogram (also called a bar graph), which will allow you to compare the size distribution of the two groups of fish. 
1. Plot the Lake Michigan Chinook Salmon otolith length and body length data given below on the empty graph provided.
	Table 1. Lake Michigan Chinook Salmon

	Otolith Length (OL) - mm
	Body Length (BL) - cm

	8
	40.5

	5.1
	51

	5.8
	53.5

	9.2
	56

	7
	58.5

	8
	58.5

	7.1
	61

	8.1
	63.5

	10.3
	63.5

	10.9
	63.5

	5.6
	66

	6.8
	68.5

	11.3
	68.5

	12
	68.5

	12.5
	68.5

	10.3
	71

	11.9
	73.5

	12.3
	73.5

	12
	76

	10.9
	81.5

	12.5
	81.5

	13.6
	81.5

	12
	84

	13.4
	84

	11.2
	89

	13
	89

	13.1
	90



The graph should look like this:

2. A. Describe the relationship between otolith length and body length (as otolith length goes up, what does body length do?)  Is this relationship positive or negative? How strong does the relationship appear to be?  Draw a straight line on the graph that best describes the trend of the data. 

The relationship is a positive linear relationship. As the otolith length increases, the body length increases.  The relationship appears relatively strong. 








B. Why don’t all the data points lay on one straight line?  Start by think about what might cause one fish to grow faster or slower than another.
Each fish is an individual! Not all the students in the class are the same shape/size – even though most are similar ages.  Similarly, not all fish come in the same shape/size. Some may be shorter and fatter, while others long and lean.  Body length does not tell the entire story.  Similarly, different things can impact otolith growth including stresses such as disease or nutrition deficiency or natural variables like temperature.  These factors can result in individuals having a slightly different relationship between otolith growth and body growth. 





3. Fill in the table below by calculating the body length (BL) of the Alaskan Chinook salmon using the otolith length (OL).  These are the otoliths you from the fish removed last week.

The formula below is the linear equation that relates the otolith length to the body length.  This equation is calculated from the Lake Michigan salmon data in table 1.   As you can see from your first scatter plot, the relationship is not perfect. There is a considerable amount of ‘scatter’.  One way to quantify the strength of the relationship is by calculating the R2 value of the data in relation to the equation.  The R2 value indicates how well the data fit the equation.  If the data form a perfect straight line, the R2 value would be 1. If the data are scattered randomly with no clear relationship, the R2 would be 0.  If the R2 value is positive, the relationship is positive (and vice versa for negative). In our case, the R2 value for the otolith length vs. body length is 0.577.  This means that the relationship is moderately strong and positive. When you use the formula to calculate the body length of the Alaskan salmon we are making a rough estimation. In reality the actual fish body length may be slightly larger or smaller.  
Formula: BL = 3.66 * (OL) + 32.7
	Table 2. Alaskan Chinook Salmon
 

	Otolith Length (OL) - mm
	Body Length (BL) - cm

	5.3
	52.098

	5.4
	52.464

	5.6
	53.196

	5.6
	53.196

	5.7
	53.562

	5.9
	54.294

	6
	54.66

	6.2
	55.392

	6.5
	56.49

	6.6
	56.856

	6.8
	57.588

	7
	58.32



4. Fill in the following table using the Lake Michigan and Alaskan fish body length data in the two previous tables. This is the first step in comparing the size distribution.  Count the number of fish that fall within the body length range.  For example, there is one Lake Michigan salmon between 40.1 and 45cm in table 1 so put a 1 for in the second column, third row cell.  This is called ‘binning’ the data and is the first step in creating a bar graph / histogram.

	Table 3. Body Length Range (mm)
	Number of Fish (frequency)
 

	 
	Lake Michigan Salmon
	Alaska Salmon

	40.1-45
	1
	0

	45.1-50
	0
	0

	50.1-55
	2
	7

	55.1-60
	3
	5

	60.1-65
	4
	0

	65.1-70
	5
	0

	70.1-75
	3
	0

	75.1-80
	1
	0

	80.1-85
	5
	0

	85.1-90
	1
	0



5. Use the binned data above in table 3 to make a histogram or “bar” graph of the size distribution of the salmon on the empty plot provided.  Salmon size range is on the x-axis and the number of fish is on the y-axis.  Each bar along the x-axis will represent all the fish within a certain size range (e.g., the first bar you plot will before for the fish that are between 40.1 and 45cm long.  The number of fish in that range determines the height of the bar.  Use a different color for lake Michigan and Alaskan salmon – be sure to label which color is for which type of fish. 




6. What do you observe about the size distribution of the salmon based on the histogram? (Are all the salmon same size? Is the plot skewed left or right? Are the Lake Michigan and Alaskan salmon the same size and similarly distributed or does one group have a very broad size range while the other has a very narrow size range?)

The Alaskan salmon are all similar sizes while the Lake Michigan Salmon are roughly normally distributed with a wide range. 






7. Use what you learned in the introductory lecture about how Lake Michigan salmon (pole and line) and Alaskan salmon (nets) are caught to explain what you observe in the histogram.   

Fisherman using nets target large schools of salmon.  Since fish tend to school with other fish that are similar size, the fish being caught are generally the same size.  This is nicely reflected in the graph were all the Alaskan salmon are between 50 and 60cm. In Lake Michigan, fisherman use pole and line to pull out a couple of random individuals from the entire population. We would expect that the size of fish would very greatly because the fishing technique allows for a relatively equal chance of catching a large or small fish. Again, this is nicely reflected in the graph as the Lake Michigan salmon ranged in size from~40 to ~90 cm, a much larger range than the Alaskan caught salmon. 






Salmon Otolith Length vs. Body Length
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Chinook Salmon Size Distribution - Lake Michigan vs. Alaskan
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