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INTRODUCTION

Tree inventories are essential to understanding how forests grow, recover, and are influenced by human activities. Foresters and forest ecologists are interested the size and number of trees in forests for a variety of reasons. Some ecologists are interested in growth and recovery rates after a disturbance such as disease infestation, fire, or flood. Forest managers use size and growth rate information to manage forests for various purposes including cultivation, recreation, and ecological value. These scientists are interested in how various treatments of the forest suppress or encourage growth of individual trees. By looking collectively at an entire forest, scientists are modeling potential impacts of climate change and how forests utilize carbon.
The Vernier Goniometer measures angles and can be used for many different applications. In this activity, the Goniometer will be used as a clinometer to determine the angle of elevation between the investigator and the top of the tree. The investigator must also know how far away from the tree they are to determine the height of the tree.
In this activity, students measure two variables to see if there is a correlation between them. This is a common practice in ecology, where doing a controlled experiment is often very difficult. Instead of trying to control variables, aspects of the environment are monitored and two things are compared. In this case, you will see if there is a correlation between tree diameter and tree height while keeping location, aspect, and tree species constant for all samples. The existence or absence of a correlation provides valuable information about the influence of limiting factors in the environment. 
OBJECTIVES

In this experiment, you will

· Determine the angle between you and the top of a tree using the Vernier Goniometer.
· Apply trigonometric ratios to calculate height given distance and angle.
· Measure the diameter at breast height of a tree using standard protocol.
· Determine whether or not there is a correlation between diameter at breast height and total tree height.
· Apply the concept of limiting factors to explain results.
MATERIALS
	LabQuest 
	100 ft (or longer) measuring tape

	Logger Pro 
	12-inch flexible joint arm

	Vernier Goniometer
	trees with good site lines

	two 14-inch Goniometer straps
	


Optional Items

	diameter tape
	Low-g Accelerometer (Original

	Hook-and-pile tape (Original LabQuest)
	   LabQuest) 

field guide for trees in your area

	
	


PROCEDURE
1.
Connect the Goniometer to the LabQuest.
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2.
Calibrate the Goniometer.
a. Choose Calibrate from the Sensors menu. Select the One point calibration check box. Tap the Calibrate Now button. 

b. Rotate the flexible arm of the Goniometer until it is positioned 180º from the stationary arm, as shown in Figure 1. 

c. Verify that the set screw on the side of the dial is aligned with the silver dot on the baseplate. Reposition the dial, if necessary.

d. Enter 180 for Value 1. Tap Keep. Select the Storage tab and tap Save Calibration to Sensor. Tap OK twice to return to the Meter screen.
3.
Set up LabQuest for data collection. If your teacher pre-loaded the file titled “Tree Height and DBH Template,” power down the LabQuest, and proceed directly to Step 4.
e. Set up additional sensors, ensuring that the Goniometer remains connected.

· LabQuest 2 users enable internal sensors. On the Meter screen, choose Sensor Setup from the Sensors menu. Enable the GPS and the Accelerometer (X). Tap OK. 
· Original LabQuest users connect the Low-g Accelerometer.
f. Tap Mode and change the data–collection mode to Events with Entry. Set the Number of Columns to 3.
g. Enter the Name (Tree) for the first column. Enter the Name (Distance) and Units (ft) for the second column. Enter the Name (DBH) and Units (in) for the third column. Tap OK.
h. On the Table screen, choose New Calculated Column from the Table menu. Enter the name (Tan Angle) and select Atan(X) as the equation type. Select Angle as the Column for X. Set A = 1. Tap OK.
i. Create another Calculated Column. Enter the name (Height) and select XY as the equation type. Select Distance as the Column for X and Tan Angle as the Column for Y. Tap OK.
j. Save this file and name it according to your teacher’s instructions.
k. Power down LabQuest.

4.
Working with a partner, choose three trees to measure. The base of each tree should be close to the same elevation as where you will stand to measure the tree. If possible, choose trees of the same species.
5.
Measure the diameter at breast height (DBH) of all three trees.

· Using a diameter tape measure, wrap the tape around the tree 4.5 ft from the ground. If the tree is on a slope, stand on the uphill side of the tree. Record the DBH for each tree in 
Table 1. You will enter these values into LabQuest later. It is important to note the tree number correctly.
· If no diameter tape measure is available, measure the circumference of each of the trees 
4.5 ft from the ground. If the tree is on a slope, stand on the uphill side of the tree. Divide by π to get the diameter. Record the DBH measurements for each tree in Table 1. You will enter these values into LabQuest later. It is important to note the tree number correctly.
6.
The accelerometer will be used to level the Goniometer. 

· LabQuest 2 users: Place the Goniometer joint near your eye so that the stationary arm is on the left and the flexible arm is on the right. Attach the Goniometer to the long edge of LabQuest 2 by threading the two 14-inch straps through the stationary arm and around the LabQuest 2. It is best to attach it to the bottom to avoid accidently pressing the power button. The flexible arm should move freely on the side away from LabQuest 2. Position the straps as far to the edge of the screen as possible so the screen is not blocked.
· Original LabQuest: Place the Goniometer joint near your eye so that the stationary arm is on the left and the flexible arm is on the right. Using a 1 inch square of hook-and-pile tape, attach the Low-g Accelerometer towards the far end of the stationary arm on the Goniometer. The arrow on the accelerometer should be parallel to the stationary arm of the. Connect the Low-g Accelerometer to the LabQuest. A bubble level or other leveling device attached in a similar manner can be used instead of the Low-g Accelerometer.
7.
One group member will stand 100 feet or more from the first tree, where both the top and the bottom of the tree are visible. If it is difficult to see the top and bottom without moving your head, move farther away.

l. Another group member will measure the exact distance to the tree.

m. Record the distance in Table 1. You will enter this value into LabQuest later. 

8.
Determine the angle of elevation to the top of the tree.
n. Turn on the LabQuest and open the file made or loaded in Step 3.
o. Check that the angle increases as you raise the flexible arm.
p. Start data collection.
q. Place the Goniometer joint near your eye. Have your partner verify that the accelerometer reading is very close to 0 m/s2. This ensures that the Goniometer is level. 
r. Rotate the flexible arm so the top edge lines up with the top of the tree. Tap Keep to save the angle measurement of Tree 1. 
s. Enter the tree number, distance, and DBH when prompted.
t. Record the height values in Table 1.
9.
Repeat Steps 7 and 8d–8g for the other two trees. Stop data collection.

10.
Save the data.

11.
Compile the class data into a Logger Pro file as directed by your instructor.
DATA
	Table 1–Tree Height

	Tree
(#)
	Distance
(ft) 
	Angle 
(°)
	Total height
(ft)

	
	
	
	

	
	
	
	

	
	
	
	


	Table 2–Tree Diameter

	Tree 
(#)
	Diameter at breast height
(in)

	
	

	
	

	
	


Processing the data
1.
Open the Logger Pro file containing the class data.

2.
Create a graph with Class DBH on the x-axis and Class Height on the y-axis. 

u. Choose Graph Options from the Options menu. Create an appropriate graph title.

v. Select the Axes Options tab. 
w. Expand the first group’s data. Select Class Height for the y-axis. 
x. Select Class DBH for the x-axis.
3.
Perform a linear regression to determine the relationship between Class DBH and Class Height.

y. Click the Linear Fit button, [image: image1.png]


, to perform a linear regression.
z. Record the Correlation in Table 3. 
4.
Choose Statistics from the Analyze menu. Record the mean height and standard deviation in Table 3.
	Table 3–Field Study Statistics

	Correlation
	

	Mean height
	

	Standard deviation
	


QUESTIONS

1.
What conditions are kept constant in this lab? Why is this important to your data analysis?

2.
What two variables are being compared?
3.
What information is used to determine if there is a correlation between the two variables?
4.
Is there a positive or negative correlation?
5.
Is the correlation strong or weak? Explain your answer using statistics and data.

6.
What three main factors influence the growth of the species of tree you studied? Which of these, if any, limits the growth of the trees in the study site?
ExtensionS
1.
Test abiotic limiting factors using other sensors such as soil pH, temperature, soil moisture, humidity, light, or others. Determine whether there is a correlation between these factors and height or DBH.
2.
If you used LabQuest 2, you can map the data using Google Maps or ArcGIS. Study the data for patterns associated with location. For detailed instructions on collecting GPS data using LabQuest 2 and exporting it to Google Maps or GIS software, go to www.vernier.com/til/2802. 
3.
Determine tree density for several different 10 × 10 meter plots to see if tree density is related to DBH or height.
4.
Research how climate change may impact tree growth and survival rates in your area. Apply this to the analysis of your data.
Figure 1
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