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Abstract


A comparison of the Point to Plant and Quadrat Techniques was conducted through study of the distribution patterns of Taraxacum officinale, otherwise known as the common dandelion.  Our study was located in front of the Administration building on the campus of Eastern New Mexico University.  The study area composed of an area 50m x 30m which was divided into five strata, each with an area of 10m x 30m.  Using the Quadrat Technique 15 20cm2 quadrats were randomly chosen in each of the strata and a total count of common dandelions present in the quadrats was performed.  Using a random point within each quadrat, the Point to Plant technique was performed.  The distances from the random point to the first and second closest common dandelions were measured.  The data collected using the Quadrat technique showed no significant difference between the observed and expected frequencies in any of the five strata or the overall study area.  This indicates that the common dandelion’s distribution pattern within our study area is not significantly different from a random distribution pattern.  The Point to Plant technique provided data showing no significant difference from a random distribution in the 5 individual strata.  However, we found that the overall study area did show a significant difference in the distribution of common dandelions when compared to a random distribution.  This study can be examined further by taking into account abiotic factors and human disturbances.  In addition to examining the factors influencing the distribution patterns of common dandelions, the study could be preformed on a larger scale, possibly allowing for results that are more accurate.  

Introduction


There are a variety of different techniques biologists can utilize to determine floral distribution patterns in nature.  The most easily recognizable floral species is Taraxacum officinale (Oxlade, 1999 and DeSimone, 1997) otherwise known as the common dandelion.  The common dandelion lends itself to research because it is readily available in the environment and an easy species to study.  However, researchers interested in studying the common dandelion are presented with the problem of deciding with study technique is best suited for their needs.   Different techniques provide different degrees of accuracy and efficiency for a study.  Therefore, the researchers must choose the technique that will provide their study with the most accurate results possible.  The objective of this study is to compare the Point to Plant and Quadrat sampling techniques.  The comparison allows for the cost and benefits of each technique to be weighed against the other technique.  While the cost and benefits of each technique will be different for particular studies, there are generalizations that can be made between the two.

The Point to Plant technique has no boundaries applied to the study area.  This is a benefit as well as a cost depending on the scale the researcher is looking at.  On a small scale, the technique is beneficial because no arbitrary boundaries are applied.  However, as the scale increases in size the benefit becomes a cost due to the increasing distance between the measured points.  On the other hand, the Quadrat sampling technique does have boundaries, which again has both costs and benefits associated with it.  The benefit of the application of boundaries in the Quadrat sampling technique is that it allows for a more efficient determination of the distribution of common dandelions within the study area. 

The data collected using the Quadrat sampling technique is then used to calculate a Poisson distribution.  The Poisson distribution is a table of the expected frequencies of quadrats containing a specific number of common dandelions.  The benefit of the Poisson distribution is that accurate determination of plant distributions with modest sample sizes of n 30 (Jolliffe, 1995) can be obtained.  Another benefit of the Poisson distribution is its ability to account for time within its expected frequency calculations (Barr et. al., 1998). 

 However, the application of artificial boundaries also has cost associated with it.  The Quadrat sampling technique may not accurately reflect the actual distribution of plants in the environment outside the study area due to the artificial boundaries.  The technique also may not achieve a representative sample from the study area even though the samples are randomly chosen.  A stratified sampling technique must be applied to the quadrat sampling technique in order to compensate for the discrepancy (Ding et. al., 1998).  The purpose of this study, then, is to use these two techniques in determining the spatial distribution of common dandelions within our study area.  The results of the study will then be analyzed to determine if one of the two techniques is better suited for this type of study.

Methods and Materials


This study was conducted during the afternoon hours of 16 November 2000 using a stratified study area.  The study was conducted in the area of land in front of the Administration Building on the campus of Eastern New Mexico University.  The study area was composed of five strata, which measured ten meters by thirty meters, creating an overall study area of fifty meters by thirty meters (Appendix A, Fig. 1).  The study focused on two different sampling techniques to achieve the goal of determining the distribution pattern of the common dandelion population within the study area.  The first sampling technique used was a quadrat-sampling model.  The study design team determined that a twenty-centimeter quadrat would best suit our study and built two quadrats of that size.  Few studies have focused on a quadrat size this large due to the larger scale involved with such a study. (Watkins and Wilson, 1992) Next, the study design team decided that fifteen samples would be needed in each stratum and a random list of points was generated using the random number generator on a Texas Instruments TI-83 calculator.  The data collection team decided to use a Cartesian coordinate system, thinking it would be the most efficient means of locating the random quadrats.  The X line would be our 10m side and the Y line would be our 30m side (Fig 2).  The Y line being 30m in length contained 150 sample intervals, while the X line being 10m in length contained only 50 sample intervals.  The random number generator provided a random numbers between 1 and 150 for the Y line and random numbers between 1 and 50 for our X line.  Once the coordinators were determined, members of the research team, using 30-meter rulers, found the coordinates for each sample and determined the number of common dandelions within the quadrat.  The data collection team used one standard for determining whether or not the common dandelion was actually in the quadrat.  The standard held, if the base of the common dandelion was within the quadrat it was counted as being within the quadrat.  This methodology was used in each of the five different strata.  The second sampling technique used is referred to as a point-to-plant technique.  Once a quadrat’s location was determined using the Cartesian coordinate system and the number of dandelions was determined, the quadrat was used for the Point to plant technique.  Each quadrat would have a random point within it chosen.  The Cartesian coordinate system was again employed as well as the use of the random number generator on the Texas Instrument’s TI-83 calculator.  The random number generator produced another list of coordinates along the same X-Y lines except the scale of the system was now decreased to 20 cm2.  Once the point was found it was marked with a flag.  Next, data collection team began to measure the distance from the flag to the closest and second closest common dandelion.  The distance was from the flag to the center of the common dandelion.  This methodology was used for every sample quadrat in each of the five strata.  The data collected was stored and organized into a chart of the information collected in each stratum (Appendix A, Table 1).  Once the data was organized into a table, the process of analyzing the data could begin.


The frequencies of dandelions found using the Quadrat technique were compared to a Poisson distribution of expected frequencies.  A  test for goodness of fit (Zar, 1996) was used to determine if the observed frequencies were significantly different from the expected frequencies.  The distances found using the Point to Plant technique were used to calculate a coefficient of aggregation for each stratum and the overall area.  The calculated coefficients of aggregation were ten compared to a standard using a t-test for comparison of a mean to a standard (Zar, 1996).  The standard was the expected coefficient of aggregation for a totally random distribution.  The t-test calculated a t-value, which was used to determine whether the strata and study area were significantly different from a random distribution of common dandelions.

Results


The purpose of the study was to compare the accuracy of two different sampling techniques.  The first sampling technique used looked at the observed frequencies of common dandelions compared to the expected frequencies from a Poisson distribution or random distribution (Appendix A, Fig. 2).  There was no significant difference between the observed and expected frequencies of common dandelions in Stratum I (test for goodness of fit, df=1, =0.1743, P > 0.5).  There was no significant difference between the observed and expected frequencies of common dandelions in Stratum II (test for goodness of fit, df=1, =9.812x10-5, P > 0.975).  Stratum III common dandelion frequencies had no significant difference from the expected frequencies (test for goodness of fit, df=1, =1.613, P > 0.1).  Stratum IV (test for goodness of fit, df=1, =0.7171, P > 0.25) and Stratum V’s (test for goodness of fit, df=1, =0.0233, P > 0.75) observed common dandelion frequencies did not have any significant differences from the expected frequencies.  The observed common dandelion frequencies throughout the entire study area displayed no significant difference from the expected values (test for goodness of fit, df=2, =3.4939, P > 0.1).  

The second sampling technique used the closest and second closest distance to a common dandelion from a randomly selected point to determine the distribution pattern of the common dandelions in the study area (Appendix A, Fig. 3).  Stratum I showed no significant difference from a random distribution (t-test for comparison of a mean with a standard, df=14, t=-1.7212, P>.1).  Stratum II, also, showed no significant difference from a random distribution of common dandelions (t-test for comparison of a mean with a standard, df=14, t=-1.0598, P>.2). Stratum III (t-test for comparison of a mean with a standard, df=14, t=-0.8158, P>.5) and Stratum IV (t-test for comparison of a mean with a standard, df=14, t=-0.9665, P>.2) did not show any significant difference from a random distribution of common dandelions. Stratum V, as well showed no significant difference (t-test for comparison of a mean with a standard, df=14, t=-1.8195, P>.05) in the distribution of common dandelions when compared to a random distribution.  However, the overall study area did show a significant difference (t-test for comparison of a mean with a standard, df=74, t=-2.8598, P<. 01) in the distribution of common dandelions when compared to a random distribution.

Discussion


The quadrat technique’s results produced no significant difference in the distribution of common dandelions within any of the five strata when compared to a Poisson distribution.  When the overall study area was examined for a significant level of difference from a random distribution, there was no significance found.  A problem that was seen in this study was the number of samples taken in each stratum.  The study collected 15 samples from each of the five strata, which gave 75 samples for the overall study area.  These numbers are small compared to the total number of quadrats in either the individual strata or overall study area that could have been sampled.  This means only a small percentage of the total area within each of the five strata or overall study area was actually measured and therefore provides results that are not as accurate as they could be.  To increase the accuracy of this study the number of samples should be increased to greater than 30 per stratum and a total sample size greater than 150 (Jolliffe, 1995).  The Point to Plant technique produced no significant differences in any of the five strata’s common dandelion distributions from a random distribution.  However, the distribution of the common dandelion that was calculated for the overall study area did show a significant difference from a random distribution. The differences that are seen between the individual strata and the overall study area can be contributed to several reasons.  One of the reasons is, again, the number of samples taken within each of the stratum.  The larger the sample size is the greater the accuracy of the study will be.  

Another reason that could have contributed to the overall distribution of dandelions being found significantly different from while the individual strata’s distributions were not could deal with the scale of the study area.  The individual strata dealt with only a 300-m2 area while the overall area looked at an area of 1500 m2.  The distribution of dandelions may exist in nature as a pattern of high (H) and low (L) areas such as H H L L L L H H H H L L (Dale and MacIsaac, 1989).  If the study deals with an area containing only low densities, the study will produce a result that does not fit within the larger picture.  As the study increases in size, however, a better picture of the overall pattern will develop and the study will be more accurate.  

One of the costs of conducting a quadrat study is the fact that artificial boundaries are placed on the land in order to produce a study area.  These boundaries lessen the value of the results produced within the study area because they cannot readily be applied to the surrounding areas.  The results produced can only readily be applied to the area included in the study area.  On the other hand, the Point to Plant technique’s results can be applied to the surrounding area more readily than the quadrat technique’s results.  These results can be applied because the Point to Plant technique has not artificial boundaries associated with it.  The lack of boundaries provides that the closest and second closest common dandelions are found even if they would be outside the quadrat technique’s defined study area.  This means the results found using the Plant to Point technique represent not only the area that would be found in the quadrat technique’s study plan, but the surrounding area as well.  


The ultimate goal of science is not only to look at the patterns seen in the environment, but is to examine the reasons behind those patterns.  The data collection in this study did not directly focus on the reasons behind the distribution patterns of the common dandelion.  However, generalizations can be made as to what influences the distribution of the common dandelion.  The density of plants as well as the types of plants in the study area will influence the distribution of dandelions (Solbrig, 1971).  The distribution of dandelions depends of the dandelion’s ability to out compete other species of plants for potassium (Moffat, 1999).  On lawn communities where potassium in the form of fertilizer is added, the common dandelion does not have to compete as much for the potassium and therefore will have greater abundance (Tilman et.al., 1987).  If the plants that exist within the community do not compete with the common dandelions for the potassium, the density of the common dandelion will be greater (Welham and Setter, 1998).  Along with the plants that live in the same areas as the common dandelion, the environmental conditions and disturbance patterns will also have a great influence on the distribution patterns of them (Bever, 1994).  The abundance of light and water resources will also have a great impact on the distribution pattern of the common dandelion in the environment (Solbrig, 1971).  The common dandelion grows best in disturbed sites and over time will maintain a greater density with continual level of moderate disturbance. (Collins et. al., 1995).  Changes in the season will also influence the distribution patterns of dandelions (Little and Dale, 1999 and Vavrek et. al., 1997).  The influences that affect the distribution pattern of the common dandelion could also be studied as a whole.  Questions concerning the influences of both nutrient competition and seasonal change should be investigated to determine whether the influences are independent of each other or not.  
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Figure 1: A map of the relative position of the study area to the building surrounding it.
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Figure 2: A comparison of the observed common dandelion frequencies and the expected common dandelion frequencies (n=15).  
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Figure 3: A comparison of the standard value to the calculated value for each data collection area.  Stratum I through Stratum V’s calculated values showed no significant difference from the standard value (n=15).  The overall area’s calculated value did show a significant difference from the standard value (n=75).
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Table 1: A table of the coordinates for both sample quadrats and random points within them.  The number of common dandelions and distances to the two closest plants are also listed.
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