Quadrat Sampling Laboratory – Biology 404

Before the lab:

(1) Read Krebs: Quadrat sampling, p105-114 Measures of spatial pattern, p114-115, p203-223.

(2) Generate 50 pairs of random numbers using the RAND function in Excel. The first number in the pair will be a real number (one decimal place) between and including 0 and 22. The second number in the pair will be between and including 0 and 16. (You should have already done this in the first lab!)

(3) You will need to know if there is a gradient in density (along either x or y axis) for any of the tree species. Think about how you could determine this, and whether you need to do some extra sampling to test for density gradients.

(4) There will be some extra time at the end of the lab. Is there any other information that you could gather in this extra time that would improve your analysis/interpretation? This is not a trick question; rather it is your opportunity for independent thought and creativity.

What the lab is about:

The world is too large for ecologists to study without sampling. One of the most convenient ways to measure ecological variables (like abundance, species diversity or biomass) is by sampling with quadrats. Quadrats are small, identically-sized plots which are placed randomly over a study site. Ecologists are faced with three questions when attempting to sample with quadrats: What size quadrat should I use? What shape quadrat should I use? How many quadrats should I use? The answer to these questions depends on the resources available for sampling (either time or money is always the limiting factor in fieldwork). It also depends on the underlying spatial pattern of the variable being measured (whether clumped, randomly or uniformly distributed, and whether common or rare). Usually none of the latter information is known in advance, so the optimal design for quadrat sampling can only be determined by doing some preliminary tests in the field, which this laboratory exercise will simulate.

Your study site is a tract of deciduous forest measuring 160 m x 220 m (the map is marked in dm: 1 dm = 10 m). Remarkably, this small area contains 10 tree species, all of which are common deciduous tree species native to B.C. The easiest way to identify deciduous trees, at least in summer, is by their leaves. You will be provided with guides to the leaves of all species, to identify trees on the map (each tree is represented by a single leaf).

Your research goal is to devise a quadrat sampling strategy for each of the ten tree species. Since different tree species have differing spatial patterns and densities, it is unlikely that the same sampling strategy will be best for all of them.

Specifically, in your report you should:

(1) Calculate the optimal size of quadrats for each tree species.

(2) Comment on whether square or rectangular quadrats should be used (give rationale).

(3) Discuss sources of error or bias in our quadrat sampling protocol.

(4) Calulate the mean density of each species.

(5) Is there a gradient in density for any tree species?  

(6) Determine the spatial pattern of Big Leaf Maple, Aspen and Cottonwood (using the Standardized Morista Index). Describe the spatial pattern revealed by the Standardized Morista Index. Discuss what differences amongst quadrat sizes in the Standardized Morista values tell us about the spatial pattern.

(7) Interpret your sampling strategies in terms of the spatial pattern (where known) and density of the different tree species.

What to do in the lab:

There is a trade-off in quadrat size. The larger the quadrats we use, the lower the variance will be between quadrats: this is good! However, the larger the quadrats we use, the more time and money we need to spend sampling: this is bad! Our mission is to find the happy medium, or “optimum”, between variance and sampling cost. In economics, this type of optimization procedure is known as a cost:benefit analysis.

Each student will use only one type of quadrat with which to sample the “forest”. There are four quadrat sizes, and two quadrat shapes (square and rectangle) for a total of 8 different quadrats. Obviously there are more than 8 students in the course, so there will be some repetition of quadrat types amongst students.

	Quadrat size
	Square shape
	Rectangle shape

	4
	2 x 2
	4 x 1

	9
	3 x 3
	6 x 1.5

	16
	4 x 4
	8 x 2

	25
	5 x 5 
	10 x 2.5


Training

1. All field research needs to begin with a period of training. We will spend 5 minutes identifying trees using the leaf guide. Simply throw down your quadrat and practice identifying all trees within it.

2. This exercise will quickly raise some questions about the sampling protocol, which we will discuss as a group. The most important thing is that everyone follows the same “rules” for sampling (otherwise there would be a systematic bias in the data between students).

Method for sampling quadrats:
1. Using a pair of random numbers of the form (0 to 22, 0 to 16), locate the first sampling point on the (x,y) coordinate system on the map. You will find it easiest to use two rulers to do this quickly. 

2. Place the upper left corner of your quadrat on the sampling point (rectangles are orientated with the long axis running left to right). What rule should we follow if the quadrat does not fit entirely on the map?

3. Record, on the prepared datasheets, the number of individuals of each species found in your quadrat. Often, only a portion of a leaf will be in the quadrat. To minimize edge:area effects, it is important that we have a standard rule for dealing with this (review p 107 in Krebs if this isn’t clear). Make sure you record these rules somewhere, so you can add them to your methods.

4. Continue repeating this method for the duration of the laboratory.

5. The other important data that needs to be collected is the time it takes to conduct an average sample. It is too onerous a task to time every single quadrat. We will therefore record the sampling time for a quadrat only every ten minutes (your TA will announce the time).

6. Every ten minutes, record the time it takes you to locate a new sampling point and place your quadrat on it (Co). This should start from the second you start to look up a pair of random numbers to the second you have finished positioning your quadrat. Also record the time it takes you to identify and record all the trees in your quadrat (Cx). This should start the second your quadrat is positioned to the second you have finished recording the last tree on your datasheet. There may be a lot of variation in these time values, in part because you will become more efficient at the task as time goes on. That is why we will measure time throughout the exercise.

7. Calculate the mean of your Co values and Cx values. Record these in the class spreadsheet (see next step). Also record the total number of quadrats sampled during the exercise (this gives a second estimate of sampling time per quadrat).

8. Enter your quadrat counts onto a class spreadsheet that your TA will set up.

Your TA will advise you whether this is to be done in the lab or via email.

9. In addition to the above, you will have some time to do extra sampling. To answer one of the questions, you will need to know if there is a gradient in density (along either x or y axis) for any of the tree species. Think about how you could determine this, and whether you need to do some extra sampling to test for density gradients. Is there any other data that you could gather in this extra time that would improve your analysis/interpretation? (This is not a trick question; rather it is your opportunity for independent thought and creativity. No problem with collaborations.)

Calculations (apart from spatial pattern, you will need to do these all in Excel, on your own time)

Calculating the optimal quadrat size.

To use either Weigert’s or Hendrick’s method for determining optimum quadrat size, it is necessary to have a measure of cost (C). In this exercise, we will assume that time is more limiting than money. The time it takes to sample a quadrat is composed of two things: 

Co = the time to locate a random point on the map, and 

Cx = the time to identify and record all trees in the quadrat. 

Note that Co is similar between quadrat types, whereas Cx will increase with quadrat size.

Calculating time:

For each quadrat type, calculate C = Co + Cx. Divide by the smallest value of C (presumably for the smallest quadrat size!) to obtain relative cost for Wiegert’s method. Note that in Hendricks’ method, “Cx” in Krebs (p112) means time per unit area...ie, your Cx values divided by the area of the quadrat. Think about the assumption Hendrick makes about these time per unit area values, and whether your data supports this assumption.

Calculating variances:

1. Calculate the mean and variance of the abundance measures for each species (10), and each quadrat type (2 shapes x 4 sizes). 

2. Convert the means to abundance per dm2. For example, if your quadrat is 4 dm2 in area, divide the abundances by 4.

3. To convert variances into values per dm2, you need to square the multiplication or division factor. For example, if your quadrat is 4 dm2 in area, divide the abundances by 42 = 16. If your quadrat is 0.5 dm2 in area, multiply the abundances by 22 = 4.

4. Finally, Wiegert’s method requires you to calculate relative variance. Do this by dividing all the variances that you wish to compare by the smallest value of variance.

Calculating indices for spatial pattern

1. Acquire a chi-squared table, from a statistics book or the Internet.

2. For the square quadrats only, calculate the Standardized Morista Index for dispersion (using the formula given in Krebs, section 6.4.4 and 6.4.5 and Box 6.6, p 216-218). Do these calculations only for Big Leaf Maple, Aspen and Black Cottonwood (these calculations are quite tedious, so it’d be too painful to do all the species!). You will have separate index values for each quadrat size and each of the three species of tree, that is, a total of 12 values (Figure 6.7 in Krebs will illustrate the value in using quadrats of several sizes). Understanding the spatial pattern will help you interpret the results of Wiegert’s and Hendrick’s methods.

