Fixed Plots 
Introduction to Plot Sampling 
Review and Introduction 
Lesson 1 focused on taking a “big picture” approach and dividing your forest into individual management units called stands. The next step is to inventory the trees in each stand. When conducting your forest inventory, we recommend working with each stand separately. To inventory your trees, it would be unrealistic to measure every tree—even in a small stand. Instead, we do plot sampling. By measuring trees in small areas of the forest, called sample plots, we can extrapolatethe sampled information and get information about the forest as a whole. 
Learning Objectives: 
By the end of this lesson, you will be able to: 
1.  Establish a plan to systematically sample the stands in your forest 
2.  Determine how many plots you want to establish in each stand 
3.  Determine how far apart the plots should be in each stand 
4.  Identify on your map where the plots should be located 
Materials Needed: 
1.  The map you created in Lesson 1 
2.  Pencils and/or pens (severaldifferent colors may help) 
3.  Ruler 
4.  Calculator (recommended) 
I. Systematic sampling 
Given that it is impractical to count every tree in a stand, you will be setting up sample plots and 
making determinations about the entire stand based on these small sample areas. When putting in 
sample plots, it is very important to be systematic. In other words, you should have a predefined set of rules that will determine where sample plots are located. The purpose of a systematic sampling procedure is to avoid sample bias, in which the samples do not accurately represent the stand. 
Biased Example 1: Suppose you are trying to determine where to locate sample plots in your stand. You do not want to go deep into the stand because the terrain is steep and difficult to walk on, so you locate all of your plots along a road or trail. This would be a biased sample, because it only includes areas near a road or trail and does not represent the interior of the stand or areas away from forest edges. 
Biased Example 2:Suppose you are trying to determine where to locate sample plots in your stand. You know of several key features that are important to you, such as a large, old oak tree or a special area along a stream that you like to visit. You decide to put your plots in these places, so that you can be sure that these special features are included in your inventory. As with the example above, this is not systematic and it will introduce bias into your inventory by over-representing things like large oak trees and under representing other features of the stand. 
Biased Example 3: Suppose you are trying to determine where to locate sample plots in your stand. Parts of the stand are more open than others, allowing for easy access. You decide to locate your plots in these open areas to make it easier to navigate and measure the trees. Again, this is not a systematic approach and would introduce bias by over representing the more open areas and under-representing the denser areas. An easy way to set up a systematic sampling procedure is to overlay a grid on your stand map. The intersection of lines on the grid become the locations of your plots. Plots are evenly distributed throughout the stand with this systematic approach. It avoids bias, as the plots fall based on the grid, not based on preferred or convenient locations.
II. How many plots per stand? 
The question of how many plots per stand is not as straightforward as it might seem. The more plots you put in, the more accurate your inventory will be, but the more time and effort it will take to make the inventory. There are rules of thumb that can guide you, but ultimately it becomes a question of balancing the labor required with the accuracy desired. In general, you should put in at least 3 total plots per stand. In smaller stands, this may mean that plots are close together (but they must never overlap). For best results, you should also strive to have, at a minimum, one plot for every 10 acres. For example, if you had a 50-acre stand, this would mean a minimum of 5 plots. You may find that the recommended number of plots for your stand is more than you are willing or able to establish. Just remember that with fewer plots, your inventory may have diminished accuracy. It is important to consider the uniformityof the stand when determining how many plots you want to establish. If your stand is a young plantation that is very uniform, you might only need to do a minimum number of plots. Conversely, if you have a very diverse stand with a diversity of species, densities, and terrain, you should put inmore plots to get a better representation. Again, there are some general guidelines as tothe minimum number of plots you should put in, but it will often be better to put in more than the minimum if you have a large and/or diverse stand. How many more you put in (and whether you even do the suggested minimum) ultimately depends on how much effort you are willing to invest. Just remember that with fewer plots your inventory will not be as accurate of a representation, so treat the inventory data accordingly. 
III. Determining how far apart plots should be when setting up your plot grid, you will need to determine how far apart your grid lines should be on the ground. This will depend on the shape, size, and configuration of your stand. When laying out your grid, it may be easiest to run the lines in the 4 cardinal directions (i.e. north south lines and east-west lines). This way, assuming that your aerial photo and map are oriented with north at the top, your lines will then be parallel to the edges of the map or photo (and in-the-woods navigation will be simplest). However, it may be desirable to orientate the grid lines differently to accommodate the unique shape and orientation of your stand. If there is significant slope in your stand, it may also be desirable to run your gridlines perpendicular to the slope to more fully sample the terrain. 
You will want to start your grid at an identifiable on-the-ground reference pointon the border of the stand. This could be a property corner, bend in a road, road intersection, stream, or other identifiable feature. To avoid having plots right on the edge, you will want your first plot to be a pre-determined distance in from the edge (usuallyhalf of the distance between plots) along a grid line and then at regular intervals. When establishing distances, a unit of measure that is often used in the forest is the chain, which is 66 feet. Both the distance from the edge to the first plot and the interval between plots will depend on the size of your stand. 
[image: C:\Users\Khurshid\Desktop\Capture 12.PNG]
[image: C:\Users\Khurshid\Desktop\Capture 13.PNG]
Table 2-1 suggests some distances. On your own: Look at the stand map you created in Lesson 1. Note the acreage you determined for each stand. Also, consider how uniform or diverse each stand is. Based on this information, determine how many plots you wish to establish in each stand. 
Chains: The chain is a somewhat archaic unit of measure that was used for surveying dating back to medieval times. It is still sometimes used today, though, in agriculture, forestry, and other applications. A chain is 66 feet long. There are 80 chains in a mile. An acreis 10 square chains, which corresponds to a rectangular area 1 chain by 10 chains (10 chains is also referred to as a furlong). If you have a 40 acre square property (i.e. a quarter-quarter section), your property would be 20 chains (or 2 furlongs) on each side.
Table 2-1: Suggested distances for establishing plots in different sized stands. 

Stand Size  Distance from edge  Interval Distance 2-5 acres  1 chain (66 feet)  2 chains (132 feet) 5-10 acres  1.5 chains (99 feet)  3 chains (198 feet) Over 10 acres  2.5 chains (165 feet)  5 chains (330 feet) Note that these distances are only suggestions. Depending on the shape and configuring of your stand and the location of your reference point, you may have to adjust these distances–but once your distances are determined, they should not be changed. 
III. Determining your plot locations 
In order to draw distances in chains on your map and/or aerial image, you will need to determine how long these distances are on your map given the scale. You can use the following equation to determine a desired distance on the map: [Map scale (inches) x desired distance (feet)] / map scale (feet) Map Scale Example:if your map scale was 1” = 1,000’ and you wanted to know how long on the map 5 chains (5 x 66 = 330’) was, you would compute the following: [1 x 330] / 1,000 = approx. 0.3 inches It is important to note the scale of your ruler. Most standard rulers are marked at 1/16th’s inches. If this is the case, you will need to know what a value such as 0.3 inches is in 16th’s of inches. 
Table 2-2gives approximate conversions from 10th’s ofinches to 16th’s of inches. In this case we see that our example of 0.3 (3/10th’s) inches = 5/16th’s. So you would mark on your map 5-chain intervals every 5/16th’s inches. This procedure can be done for any map scale or number of chains. 
Table 2-2: Approximate conversions from 10th’s of inches to 16th’s of inches. 
10th’s  1 2 3 4 5 6 7 8 9 10 
16th’s  2 3 5 6 8 10 11 13 14 16 
Note that for larger stands, laying out your grid may result in more plots than you want or need to put in. For instance, if you have a 60-acre stand, a 5-chain gridshould yield somewhere in the neighborhood of 24 plots. If it is a uniform stand, you may wish to do the recommended minimum of 6 plots (1 per 10 acres) or you may wish to do 10, 12, 15, or some other number of plots less than the 24 on your grid. The simplest way to reduce the number of plots is to widen your grid. For the 60-acre example, a 10-chain grid should yield somewhere in the neighborhood of 9 plots. 
Example Plot Grid: 
Here is an example of laying out a plot grid in a stand that isapproximately 23 acres. From the guidelines above, a minimum of 3 plots would bedesired for good results, and the recommended distance would be 2.5 chains in from the stand edgefor the first plot and 5 chains between plots (Table 2-1). The aerial photo scale states that1 inch = 100 yards, or 300 feet (Figure 2-1). Using the equation from above, the map distance for 5 chains can be calculated:  [1 x 330] / 300 = approx. 1.1 inches  The ruler used in this example is marked in 16th’s of inches. From Table 2-2, the closest approximation for 0.1 (1/10th) inch is 2/16th’s (1/8th). This means thatthe distance between plots on our map should be 1 1/8th inches. Half of this distance (2.5 chains) would be 9/16th’s inches. 
Figure 2-1: The scale of this map is 1 inch = 100 yards (300 feet). 
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Figure 2-2 shows one possible plot grid. The reference point (marked with an ‘X’) is approximately 2.5 chains from the eastern edge ofthe stand. It is located at the corner of a building, which will be easy to find on the ground. Moving south 2.5 chains, the first plot has been located. Subsequent plots (marked as black dots) are established on a 5-chain grid. In this example, 6 plot locations have been identified. Notice how they are systematically distributed through the stand. There are two additional potential plot locations where the grid lines intersect along the northern boundary of the stand. Since these are right on the stand edge, they may not be desirable plot locations. 
Figure 2-3shows another possible plot grid. 
[image: C:\Users\Khurshid\Desktop\Capture 15.PNG]In this case, the reference point starts at an identifiable corner of the stand. Going 2.5 chains west and then 2.5 chains south, the first plot is established away from both stand edges. Subsequent plots are located on a 5-chain grid. This grid has only 3 non-edge plots. The plots are not as well distributed as they are in Figure 2-2, but there are the recommended minimum of 3 plots and they are systematically distributed. This grid may be more desirable if you wanted to do fewer plots. 
Figure 2-2: A potential plot grid that establishes 6 plots in a 23-acre stand. The reference point (marked with 
an ‘X’) is located at the corner of a building. Moving south 2.5 chains locates a plot that is 2.5 chains in from the northern and eastern boundary of the stand. 
Figure 2-3: A potential plot grid that establishes 3 plots in a 23-acre stand. The reference point (marked with an ‘X’) is located at the northeast corner of the stand. Moving west 2.5 chains and south 2.5 chains locates a 
Review and Introduction 
In earlier lessons, you mapped out your stands, identified where sample plots will go, and  navigated in the woods to your first plot location. This lesson will teach you how to establish a fixed area plot. In Lesson 5, we will talk about a different kind of plot, which is a variable area plot. As a reminder, you are sampling your stand using plots, so that you can extrapolate the data collected to the full stand on an acre basis. 
Learning Objectives: 
By the end of this lesson, you will be able to: 
1.  Determine an appropriate plot size 
2.  Establish the boundary of a fixed plot 
3.  Identify and count “in” trees (sample trees) 
4.  Understand the relationship between the number of trees in the plot and the number of 
trees in the stand on a per acre basis 
Materials Needed: 
1.  Measuring tape or logger’s tape
2.  Colored survey ribbon 
3.  Orange timber marking crayon (optional) 
4.  Permanent Marker (optional) 
5.  Rope (optional) 
I. Plot size 
Just as it sounds, a fixed area plot is a plot with a known area. When you establish the first plot in any given stand, you will need to choose an appropriate plot size. This size should then be used throughout the rest of the stand. You will want to choose a plot size that will give you, on  average, 5 to10 trees per plot. Try a starting plot size, such as 1/20th of an acre, and see if you get in the neighborhood of 5 to 10 trees. If you find that the trees in your stand are widelyspaced such that you have very few trees in your plot (4 or fewer) and thiswide spacing looks to be consistent throughout the stand, you should consider increasing your plot size (e.g. 1/10 acre). Similarly, if your stand is dense such that you have numerous trees (12 or more), you might consider something smaller (e.g. 1/30 acre). 
II. Establish the boundary of your fixed plot 
Plots can be established in various shapes—square, rectangular, or circular. For ease of use, circular plots will be addressed. To establish your circular plot, you will need to know the plot radius, which is the distance from the plot center to the outer edge of the plot (Figure 4-1). [image: C:\Users\Khurshid\Desktop\Capture a.PNG] Figure 4-1: The plot radius is the distance between the plot center and outer boundary of the plot. Table 4-1 lists plot radii for different sized plots. To establish your plot boundary (i.e. perimeter), start at plot center and walk out the prescribed distance in various directions and hang a colored survey ribbon on a nearby branch or shrub to mark the plot boundary. You should go out at least six different directions to get a good sense of where the plot boundary is. Once you have six ormore flagged points marked around your plot boundary, you will need to visually “connect the dots” to estimate the complete boundary of your plot. 
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When measuring out the distance from your plot center to your plot boundary, you can use a 
cloth measuring tape or a logger’s tape. You can also use a rope that has been pre-cut to the length of your plot radius. This may save time and effort in marking your plot boundary. It is very helpful to have two people when establishing a fixed plot—one person to hold the rope or measuring tape at plot center while the other person carries the other end to mark the plot boundary. 
III. Determining “in” trees 
Now that you have marked the boundary of your plot, you will need to determine which trees are in the plot. A tree is considered“in” if the center of the tree falls within the plot boundary. Starting from a given direction (e.g. north, or the direction you traveled to get to the plot), systematically work your way around the plot ina clockwise direction and identify your “in” trees. It may be helpful to flag these trees with colored survey ribbon as you go. You can use a permanent marker to number the flags to help you keep track of each tree. You can also use an orange timber-marking crayon to mark/number your in trees.  When identifying trees in your plot, there should be a minimum size limit. For the purposes of this learning module, we will focus on over story trees, which we will define as live trees that are at least 1” diameter at breast height (DBH). Snags (dead trees), smaller trees, and other features of the stand may also be of interest to you, depending on your management objectives and the purposes of your inventory. There are techniques to inventory these features, but those are beyond the scope of this learning module. 
You may run into the issue of borderline trees, whose center falls directly on the plot boundary. A true borderline tree is rare—you should be able to make a reasonable estimate of whether the tree is in or out in most cases. If necessary, run the tape or rope from the plot center directly to the tree to determine whether the center of the tree falls inside or outside the plot boundary. Figure 4-2shows a schematic of a fixed plot with in trees identified in blue.Figure 4-2: A schematic of a fixed area plot. “In” (sample) trees are identified inblue, and “out” trees are shown in red. Trees that fall along the plot boundary are determined as in or out based on whether the center of the tree falls within the plot. IV. 
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How do plot trees relate to the larger stand? An advantage of fixed area plots is that the relationship between a plot tree and the larger stand is Straight forward. For example, a tree in a 1/20th acre plot would represent 20 trees per acre (TPA)in the larger stand. This is also referred to as the tree’s expansion factor. The expansion factor involves an additional step when you have multiple plots in a stand, as you must divide by the total number of plots. 
Example: 
Suppose you put in 10 1/20th acre plots in a stand. Each plot tree represents 1 x 20 / 10 = 2 trees per acre in the stand (i.e. an expansion factor of 2). Stated ina different way, since you sampled ten 1/20th acre plots, you sampled a half acre. Thus to determine acre values, multiply each sample tree by two. 
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Figure 4-2: A schematic of a fixed area plot. “In” (sample) trees are identified in blue, and “out” trees are

shown in red. Trees that fall along the plot boundary are determined as in or out based on whether the center
of the tree falls within the plot.
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Table 2-1: Suggested distances for establishing plots in different sized stands.

Stand Size Distance from edge Interval Distance
2-5 acres 1 chain (66 feet) 2 chains (132 feet)
5-10 acres 1.5 chains (99 feet) 3 chains (198 feet)
Over 10 acres 2.5 chains (165 feet) 5 chains (330 feet)

Note that these distances are only suggestions. Depending on the shape and configuring of your
stand and the location of your reference point, you may have to adjust these distances—but once
your distances are determined, they should not be changed.
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Table 2-2: Approximate conversions from 10th’s of inches to 16th’s of inches.
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Figure 2-2: A potential plot grid that establishes 6 plots in a 23-acre stand. The reference point (marked with
an *X’) is located at the corner of a building. Moving south 2.5 chains locates a plot that is 2.5 chains in from
the northern and eastern boundary of the stand.
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Figure 2-3: A potential plot grid that establishes 3 plots in a 23-acre stand. The reference point (marked with
an *X’) is located at the northeast corner of the stand. Moving west 2.5 chains and south 2.5 chains locates a
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Figure 4-1: The plot radius is the distance between the plot center and outer boundary of the plot. Table 4-1
lists plot radii for different sized plots.
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Table 4-1: Plot radius values for different sizes of fixed, circular plots.

Plot Size (acres) | Radius (feet)
1/5 52.7
1/10 372
120 26.3
1/30 21.5
1/40 18.6
1/50 16.7





