
SAMPLING PLANT COMMUNITIES

Ecologists often sample forest communities to determine basic characteristics of a site.  For example, a wildlife biologist might need to know the tree species that are community dominants, or the densities of small mammals that are present at a site.  In many cases, researchers combine the sampling of organisms with sampling of physical or chemical parameters such as temperature, humidity, or soil characteristics.  

Researchers have developed a variety of sampling techniques that can be used to quantify different aspects of a community.  Because biologists rarely can completely count all individuals in a community, they must estimate community characteristics based on samples from that community.  Keep in mind that sampling can only provide an estimate of the value of the parameter that is being measured.  Estimates may in turn differ in their reliability based on sample sizes or natural variation of the data.  

Background on plant sampling.  You will sample two forest enclosures and provide a quantitative description of the community members and certain soil characteristics.  Determining which species are the most important members of a community is a difficult task.  Tree species may differ in their age and size, their density (number per unit area), and their dispersion (clumped versus evenly spaced across the landscape).  Using a single measure such as density may be misleading since different species of trees may differ in size.  To alleviate this problem forest ecologists use a composite index known as an importance value to estimate the ecological importance of a species in a community.  For trees, the importance value is generated using at least two factors: the density of individuals (number of individuals per unit area) and the size of individuals (referred to as dominance).  These are typically expressed as relative values since ecologists want to know how these factors vary relative to the community as a whole.  Ecologists also characterize and compare communities with respect to their overall species diversity.  The simplest species diversity index is known as species richness, and is simply the total number of species present in the community.  

Forest communities can be sampled in a variety of ways, but one of the most common methods is the use of plot sampling (also referred to as quadrat sampling).  This involves setting out rectangular plots in the forest and taking data on all individuals within the plot.  The density of a species can be easily determined by counting the number of individuals within a plot and expressing this as the number of individuals per unit area (e.g., trees per 100m2).  

The relative size of a tree is best determined by measuring the diameter or cross-sectional area of the tree trunk since trunk size correlates positively with overall tree size.   Forest ecologists use basal area to indicate relative tree size.  Basal area is the cross sectional area of a tree trunk and reflects the overall size of the tree.   Basal area is usually calculated from measurements of trunk diameter at breast height (d.b.h. or diameter at breast height).  As you may have guessed, a species becomes more ecologically important in a community as its density and average size (as expressed in basal area) increases.  

Background on Soils.  Soil characteristics play an important role in determining the distribution and abundance of plants because they affect seed germination, competitive interactions, and overall plant survival.  Soil pH, soil moisture, and soil texture (the composition with respect to clay, silt, and sand) are frequently sampled by forest ecologists.  For this study we will quantify soil moisture and pH. With respect to pH, acids are compounds that release hydrogen ions (H+) when in solution, while bases are compounds that accept hydrogen ions when in solution.  Thus, acidic solutions characteristically have relatively high concentrations of H+, while basic (alkaline) solutions  do not.  Scientists indicate how acidic or basic a solution is by a value known as pH.  By definition,  pH is a measure of the negative logarithm of the hydrogen ion concentration (pH =  -log [H+]) and is measured on a scale of 0 - 14.   If a solution has a concentration of 10-8 moles of H+ per liter of water, its pH = -(log10-8) = - (-8) = 8.  Notice that the log of 10 raised to any exponent is the exponent itself.

Because pH is based on a logarithmic scale, a change from one unit to the next (for example,  pH 6.0 to pH 5.0) represents a tenfold change in the concentration of hydrogen ions. This is analogous to the Richter Scale used to measure earthquake magnitude where an increase in one unit reflects a tenfold increase in the energy released by the quake.   A compound with a pH of 7.0 is considered neutral.  Acids have pH values < 7, while bases have pH values >7.   The more acidic the solution, the lower its pH; the more basic a solution, the higher its pH.   

Plant ecologists often measure soil pH because the availability of many macronutrients and micronutrients is dependent on pH.  This reflects the fact that nutrients are only available to plants if they are in solution, and the tendency of nutrients to go into solution varies with pH.  In highly acidic soils, for example, compounds containing aluminum and manganese dissolve more readily.  These metals may even reach the point where they become toxic to plants.  In general, a soil pH of 6-7 provides relatively high levels of critical nutrients and is ideal for the growth of many plant species.  Extremely low or extremely high soil pH may often result in a marked reduction in available nutrients and a greater chance of toxicity to plants.   

Soil moisture is critical in sustaining plant growth, but too little or too much can result in the death of a plant.  Natural communities are characterized as being hydric (wet), mesic (intermediate), or xeric (dry) depending on the degree of soil saturation and soil moisture. Examples of hydric ecosystems are marshes, bogs, and swamps, while examples of xeric ecosystems are dry rock outcrops, grasslands, and deserts.  Because saturated soils have little oxygen for plant roots, plants that are specialized to live in hydric environments (hydrophytes) have special features that allow them to adapt.  Mesophytes and xerophytes are plants that live in mesic and xeric environments, respectively.  As with hydrophytes, species that live in these environments have adaptations that often preclude them from living in the other habitats.  

THE PROBLEM

The Lemur Conservation Foundation has two large enclosures where the lemurs are free-ranging, i.e. not in cages.  A casual stroll through the enclosures will show several different plant communities.  More detail is now needed on the particular species that comprise each community and the soil characteristics of each site.  This information could be used by future researchers to select study sites.  Your goal is to sample each community and provide a technical report that summarizes the plant and soil characteristics of each.  

Plot sampling.  We will sample each community by establishing a single 20 x 30 meter (600 m2)  plot at each site.  You will work in smaller groups that will be assigned responsibilities such as laying out plots, taking soil samples, sampling trees, and recording the data. 

Step 1.  Using a compass, two meter tapes, and four pvc pipes, haphazardly select a starting point and set up a 20 x 30 m plot.  Hammer a pvc pipe into each corner and outline the plot with the tapes.  

Step 2.  Begin systematically sampling the trees within the plot and filling out the data sheet.  For each tree, record the species name and measure each tree’s diameter at breast height using a d.b.h. tape.  When using the d.b.h. tape, be sure to read the correct side of the tape and record d.b.h. to the nearest centimeter.   If necessary, use your keys or illustrations to identify trees within plots.  Let’s consider any woody plant with a d.b.h. > 6 cm to be a tree.  

Soils.  We will sample each plot by taking 5 subsamples that are selected from throughout the plot (Fig. 1).  These subsamples will be bagged separately and returned to the lab for analysis.   At each sample point, clear away the leaf litter on top of the soil, then use the soil probe to obtain two soil cores that are approximately 15 cm deep.  Add both cores to a labeled plastic bag and mix these thoroughly.  Continue until you collect all 5 subsamples from the plot. 


Fig. 1.  Scheme for selecting soil sample sites within a plot.  Filled circles are soil sample sites.

Label each bag with the day of the week, the community type (either bottomland hardwoods, mixed forest, or pine forest), and the sample # (1-5).  The normal process would be to now determine soil moisture and soil pH.  To determine soil moisture, we need to weigh the wet mass of each sample.  The samples should be placed in an oven at 60o C for drying.   For wet mass determinations, place a soil can on the electronic balance and record the can’s weight.  Now hit ‘tare’ to set the balance to zero.  Add enough soil to fill the can about one-half full and record the wet mass of the soil.  Label each can with the day of the week, forest type (bottomland hardwoods,  mixed forest, or pine forest), and sample # (1-5).

Next we will measure soil characteristics and summarize the tree data using the methods described below. 
Soil moisture.  To determine soil moisture content, retrieve the soil samples that were weighed and dried.  Reweigh the dried soil in the can and subtract the can weight that was recorded to determine the dry weight of the soil.  The % moisture in the soil  = [(wet weight- dry weight)/ wet weight]*100.   Calculate this value for each soil sample.

Soil pH.  To measure soil pH weigh 30 grams of air-dried soil from each zip-lock bag.  Add 30 ml of distilled water, then stir the solution and let it equilibrate for a minimum of 20 minutes.  Check the pH meter using a buffered standard (pH = 7.0 buffer), then rinse the electrode and place it in the soil solution.  Allow a few minutes for the meter to equilibrate (achieve steady readings).  

Plant and Soil Data.  Calculate importance values for community members at each site.  You should also calculate means and SE for the soil moisture and pH), conduct an ANOVA to see whether soil pH and moisture differs among the forest community types, and prepare figures.  Relative density, relative dominance, and importance values are calculated using the following formulas:

 Relative density =  (total number of individuals of species A ÷ total number 


of all trees in plot) x 100

Relative dominance = (sum of the basal areas of species A ÷ sum of all basal areas of


     all  trees)  x 100  

Importance value =  (relative density + relative dominance) / 2   

Abstracted from Biology 115 laboratory exercise developed by Dr. Jim Petranka, UNCA, Asheville, NC
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