GENERAL ECOLOGY

VEGETATION PATTERNS

BIO 340


CHAPTER 4:
Vegetation Patterns in a Mixed Upland Forest

Introduction

The first step in understanding any ecological community is to describe the patterns in the community.  What associations are there between abundance of each species and environmental conditions such as temperature or food availability?  What associations are there between species?  How do community level characteristics such as number of species or productivity vary with environmental conditions?  Once these patterns have been quantified, we can ask why these patterns exist and what mechanisms cause them.

Last week, we visited an ecosystem where you were able to observe small-scale (local) differences in vegetation type and abundance.  You then generated hypotheses relating the vegetation patterns to one or more habitat features (light, soil moisture, pH, etc.).  This week, you will learn how to quantify vegetation patterns and associated habitat features.  If one or more habitat feature is associated with a particular vegetation pattern, there may be a cause and effect relationship.

You will learn how to sample shrubs and ground cover vegetation with a quadrate plot or transect.  A quadrate plot is simply a rectangular area of known dimensions.  A transect is a metered line.  These techniques will allow you to accurately determine plant density (or relative density) at small spatial scales.  It is impractical (or impossible), however, to sample overstory trees with quadrate plots.  Consequently, plotless techniques have been developed that do not require sampling of a predetermined area.  You will learn how to estimate the frequency, density and species composition of overstory trees using the point-quarter method.  Finally, you will learn how to measure environmental factors, such as soil moisture and light, which may affect germination, survival and growth of forest vegetation.
Once you have quantified vegetation patterns and associated differences in environmental factors, you will be able to develop testable hypotheses about the environmental requirements of certain woody plant species.  For example, suppose you discover that Red Pine (Pinus rubrus) grows in soil with a low pH whereas White Oak (Quercus alba) grows in soil that is circumneutral.  Does this mean that Red Pine prefers low pH or that it simply tolerates low pH?  How would you test that Red Pine prefers low pH?

Objectives

This field exercise has several purposes.  You will learn

· how to quantify vegetation patterns using the quadrate plot and point-quarter sampling techniques.

· the advantages and disadvantages of the two sampling methods.

· how to compare habitats based on vegetation patterns and environmental factors.

· how to generate and test hypotheses about the natural world.
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FOREST STRUCTURE

A forested habitat such as Veit’s Woods can be divided into several vegetation layers.  The canopy (or overstory) includes the spreading branches of the largest trees.  The canopy provides shade and protection from the wind to all plant species below.  All organisms not in the overstory are part of the understory.  This layer may be further subdivided into the sub-canopy, shrub layer and ground cover.  The sub-canopy includes sapling trees, usually immature individuals of overstory species.  The shrub layer includes seedling trees and woody shrubs (ex. honeysuckle).  The ground cover includes low-lying herbaceous plants (ex. ferns, jewelweed).

In order to quantify vegetation patterns, it is necessary to use more than one sampling technique.  Proper sampling technique depends on the type of vegetation to be sampled.  Ground cover plants are easily sampled with a 1 m2 quadrate (a hoola hoop or rectangular frame placed on the ground).  It would not be possible, however, to sample overstory trees with a 1 m2 quadrate.  It is necessary, then, to divide the vegetation into sampling units that reflect the two dominant growth forms: overstory trees and understory vegetation.  We will use quadrate plots to sample the density and species composition of understory vegetation and the point-quarter technique to sample the density, frequency and dominance of overstory trees.

Density is simply the number of individuals of a species in a given area, expressed as number per unit area.  Relative density is the number of individuals of a given species from a location expressed as the proportion of the total number of individuals of that species for all locations sampled.  Frequency is the number of samples in which a species occurs.  Relative frequency is the frequency of a species divided by the sum of the relative frequencies of all species.  Dominance is the proportion of the ground covered by the aerial parts of the members of a plant species.  Relative dominance is the proportion of coverage compared to that of all species in the community.

Point-quarter TECHNIQUE

The point-quarter technique is a widely used method for sampling plant communities, particularly those in which the individual plants are widely spaced or where the dominant species are trees or large shrubs.  The point-quarter gets its name from the procedure.  A transect (or line) is established through the habitat to be surveyed.  Points are demarcated at regular intervals along the transect.  At each point, an imaginary line is drawn perpendicular to the transect, thereby creating 4 quadrants.  The individual nearest the point in each quadrant is located, identified, and measured for specific attributes (See Figure 2.1). This method is a plotless technique based on linear measurements rather than area measurements.

A limitation of the point-quarter technique is that it requires a random distribution of organisms in order to give an accurate estimation of the population.  If the population is too clumped, it will give an underestimate of the density.  If the population is very uniform or regular, it will give an overestimate of the density.  If clumping or uniformity are suspected for the community being studied then testing for distribution using a Poisson method might be necessary (see Exercise 6).




Figure 2.1

Data collection 

In today's lab, you will quantify the density of overstory trees and understory plants in the upland, riverbank, and flood plain regions of Veit's Woods.  Your first objective is to look for differences in the abundance of tree species and understory plants between the three habitats.  Your second objective is to look for differences in abiotic factors between the three habitats.  If you see a difference in plant abundance and at least one abiotic factor between the three habitats, you should be able to construct a testable hypothesis that might explain the observed vegetation pattern.

You will be assigned to one of the forest regions and will work in a group of six to eight students.  Each group will sample the abiotic environment and measure plant density using quadrate plots and the point-quarter method.  At the end of this field exercise, you will be able to compare your vegetation data to measurements of the physical and chemical environment.

Overstory trees:  Sample using the point-quarter method.  

1. Using the tape measure establish a 60 m (200') transect across the region of the wood lot that your group has been assigned.  Locate sample points at 10 m (33') intervals.  You should be able to complete six points.  

2. At each point bisect the transect line with an imaginary perpendicular line.  There are now four quarters, or quadrants, surrounding the point.  Do not confuse the quadrant used here with the quadrate discussed previously.  Remember that a quadrate is another term for a fixed-area sampling unit.

3. Begin with the quadrant at the upper left-hand corner and designate it “A”.  Label the remaining quadrants (B, C, D) in clockwise order (fig. 2.1).  Label the quadrants at all other points similarly.

4. Find the nearest tree that is at least 10 cm (4”) diameter at breast height (dbh). Using the diameter tape or the calipers, record the diameter on the data sheet.

5. Measure the distance from the point to the tree.  Record the distance on the data sheet in centimeters.

6. Identify the species of the tree as best as you can.  Your lab instructor can help you identify problem species.  Record the species on the data sheet.

7. Follow this procedure for the remaining three quadrants at the first point.  Then repeat at the next point.  Never use, count, or measure the same tree twice!
8. Once you have completed all quadrants at each point, you will finish the rest of the calculations for relative density, frequency and dominance in the computer lab.

sub-canopy layer:  Sample using the quadrate plot method.

1. At each sample point along the transect, mark off a 2x2 m (6x6') quadrate.

2. Count the number of woody stems less than 10 cm dbh inside the quadrate and record on the data sheet.

3. Measure the height of 5 randomly chosen saplings.  Calculate a mean and record it on the data sheet.

4. If possible, identify the dominant woody plant in the shrub layer.

environmental measurements:  At each point along the transect, you will measure the following factors:  temperature (air, soil), light, humidity, soil moisture, and soil pH.  See your teaching assistant for instructions on how to use the equipment.  Record all measurements on the data sheets provided.

Soil texture:  The relative amount of sand, silt and clay in the soil.  This is a useful overall index of soil quality.  Water drains faster from coarse-grained soil (sand) than from fine-grained (clay) or loamy soil.  As water drains through sandy soil, it may remove nutrients that are important to plants.  To assess soil texture, remove the top 7 cm of soil using a soil corer; then use the following key:

soil texture key:

1.
Soil fall apart when wet
SAND

1.
Soil stays together in a “cast” when wet
2

2.
Soil feels gritty, cast falls apart easily
SANDY LOAM

2.
Soil feels floury or sticky, cast is relatively stable
3

3.
Readily broken clods when dry, no ribbon formed when wet
SILTY LOAM

3.
Hard clods when dry, ribbon formed when wet
4

4.
Mildly sticky when wet, ribbon easily broken
CLAY LOAM

4.
Very sticky when wet, ribbon stable
CLAY

Soil moisture:  Percent water in the soil.  To measure soil moisture, you will need to weigh a sample of fresh soil then dry it in an oven and reweigh it.  Soil moisture is the percent difference between wet weight and dry weight calculated using the following formula:
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DATA ANALYSIS: Refer to “Exercises” in Chapter 2 (Statistics).

1. Go to the computer lab and enter the data you collected last week into columns in an Excel spreadsheet.  Label each column with the name of the variable you measured.  Your instructor will direct you on how to use Excel.  If possible, work with a partner who already knows how to use Excel.

2. Calculate the mean, variance, median, and standard deviation for each variable.

3. Perform three two-sample t-tests for each variable using “Data Analysis Tools” in the "tools" menu.  Assume that your variable have unequal variance.  Compare upland to escarpment, flood plain to escarpment, and upland to flood plain. 

4. Determine whether the means are similar (null hypothesis) or different (alternate hypothesis) by looking at the p-value [ P(T<=t)2-tailed ].  If p<0.05, reject the null hypothesis – your means are different!

5. After performing the statistical analyses, answer the questions below.  You should include all statistical results in the homework assignment.

Discussion Questions
1. Which of your variables are discrete and which continuous?  Why?

2. Which of the continuous variables are normally distributed?  Hint: Compare the mean and median.

3. How similar were the sample means from the three sites? If not similar, is it likely they represent two different populations or are they measurements from the same population?

4. Did you accept or reject your null hypothesis?  How confident are you that the two means are not from the same population?

5. Several of the variables you measured (tree density, sapling density) are indicative of overall quality of a site to plant growth.  According to these criteria, which communities are the most favorable?

6. Compare the density, relative dominance and importance value for each overstory tree species.  What factors could be responsible for the patterns you see?

7. Compare the species composition of each habitat.  Do you notice a difference?

8. Can you use statistics to compare the dominance or importance values for species A in the upland and flood plain sites?  Why?  Why not?

9. How do light level and soil characteristics (moisture, organic content, pH) differ between the habitats?  How might these factors influence vegetation characteristics (height, density)?

10. Think of a hypothesis to explain one of the associations you observed between a vegetation characteristic and an environmental factor.  How might you test this hypothesis?

Point-Quarter Calculation Sheet

1.
Add all point-to-tree distances and multiply by the total number of point-to-tree distances to discover the mean distance to a tree.



________________  ÷  ________________  =  ________________



Total point-to-tree
       Total # of distances
   Mean distance (m)



     distance (m)

2. Calculate the mean area (m2) covered per tree by squaring the mean distance. 

Mean area per tree = ________________ m2
3.
Calculate the density of all tree species by dividing 10,000 m2 (1 hectare) by the mean area per tree.  We will express tree density as number per hectare.



10,000 m2  ÷  __________________  =  ____________________



Unit Area
    Mean area per tree         Total tree density (#/ha)

4.
For each tree species, calculate relative density, density, relative dominance, frequency and relative frequency.

a.  ( _________________ ÷ ________________ ) * 100  =  _________________

         # Ind. of Sp. A             Total # Ind. of all spp.

     Relative density

b.  ( ________________ ÷ 100 ) * _________________  =  _________________

       Rel. dens. of Sp. A

     Total dens. of all spp.
   
 Density

c.  ( _________________ ÷ _________________) * 100  =  ________________

      Total basal area of Sp. A      Total basal area of all spp.

       Rel. dominance

d.  ( _________________ ÷ _________________) * 100  =  ________________

       # of Pts. with Sp. A             Total # of Pts. 

          Frequency

e.  ( _________________ ÷ _________________ ) * 100  =  ________________

Frequency of Sp. A      Sum of freq. for all spp.
   
Rel. frequency

6. Calculate Importance Value for each species.

Importance Value (Sp. A ) = Rel. Density + Rel. Dominance + Rel. Frequency


TABLE 4.1  RAW DATA TABLE FOR POINT-QUARTER METHOD

Habitat Description:_______________________________

	Point #
	Quadrant
	Species
	Point-to-ind. Distance
	Diameter (dbh)
	Basal Area

 ((r2 )

	1
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	
	
	
	

	
	D
	
	
	
	

	2
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	
	
	
	

	
	D
	
	
	
	

	3
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	
	
	
	

	
	D
	
	
	
	

	4
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	
	
	
	

	
	D
	
	
	
	

	5
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	
	
	
	

	
	D
	
	
	
	

	6
	A
	
	
	
	

	
	B
	
	
	
	

	
	C
	
	
	
	

	
	D
	
	
	
	


TABLE 4.2  IMPORTANCE VALUE CALCULATIONS 

	Species
	Rel. Density
	Density
	Rel. Dom.
	Frequency
	Rel. Freq.
	Imp. Value

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


TABLE 4.3  RAW DATA TABLE FOR understory plants

Habitat Description:_______________________________

	Sample Point
	Light
	Soil Temp. ((C)
	Air Temp (°C)
	Humidity
	Soil texture
	Soil pH
	Wet Soil weight (g)
	Dry Soil weight (g)
	stem number
	stem height (m)
	dominant species

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	



Page 34

_932887974.unknown

_1010164765.unknown

