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I. Objectives

The student will gather and analyze data on community structure.  After completing the work associated with this exercise, the student will be able to:

1) Understand the ecological concept of community structure and the relevance of this concept to a sustainable environmental policy.

2) Use the quadrat method for studying communities.

3) Determine the density and relative density of species in the community.

4) Determine the frequency and relative frequency of each species in the community.

5) Recognize the importance of community structure in the function of an ecosystem.
II. Introduction

Organisms of the same species that live in the same habitat compose a population.  A community consists of an assemblage of populations existing in a common area, which interact with each other and share the same general resources.  Plants, animals, and microorganisms are all part of a community.  Abiotic components of the environment, such as precipitation, temperature, and soil help define that community.  Some communities, such as the arctic tundra, are relatively simple, with only a few hundred species interacting.  Others, like tropical rainforests, contain many thousands of species, which produce a complex web of interactions.

     Humans can learn a great deal by studying communities.  Because we are a part of nature, we must learn to live within the limits imposed upon us by our natural communities.  Many of our activities, such as urban development and modern farming practices, have had unforeseen effects on the structure and function of communities.  By studying both natural and disturbed communities, we can learn to minimize undesirable effects.

     Communities are incredibly diverse, both in structure and function.  It would be impossible to study every organism in a community, but we can study samples, and gain insight into the function of the entire community.  In a community, the data that researchers gather may not encompass every species and individual in that community, but researchers can use this data to approximate the entire community.
     To get a more complete picture of a community other procedures, such as aerial photography and analysis of important abiotic factors (i.e., erosion), are also included in ecologists’ studies.  Studying communities involves gathering a great deal of data; however, this exercise will cover only the first procedure usually performed by ecologists, which is surveying community structure.  This lab focuses on surveying a grassland-type community, but other communities are easily surveyed by slightly changing the way that species are counted.  The lab instructor will be able to help you determine which type of sampling method is most appropriate for your area.

III. Relevance: Keystone Species

As mentioned in the introduction, ecological communities are a complex web of interactions among species.  Not all interactions, however, are equal.  That is, some species have more of an influence on community structure than others.  If one species, say an ant, is removed from a community, the impact may be minimal because there are many other insect species that can fill the “role” of that species.  On the other hand, removal of another species may be felt throughout the entire community.  These species are referred to as keystone species because their presence can determine what species are present in a community and in what numbers.  We often think of top predators, such as tigers or sharks, as keystone species, but that need not be the case.  Consider krill, the small shrimplike crustaceans that are the primary food of many baleen whales, penguins, other seabirds, and many fish.  Without krill, these species might very well go extinct because they rely so heavily on it as a food source.  Elephants are another nonpredatory keystone species.  By pushing down trees to feed on the upper branches and bark, elephants keep the savannah from becoming a forest.  This one species is largely responsible for maintaining an entire ecosystem.  Without elephants, the savannahs would eventually become wooded, eliminating many of the herbivores, such as impala and wildebeests.  As these species disappear, lions, cheetahs, and hyenas would also disappear, and forest animals would increase.
IV. Activity

This activity quantifies the vegetation structure of a grassland community; therefore, the quadrat method is the most appropriate to use.  The quadrat method uses plots of fixed size (usually 1 square meter) and shape as sampling units.  Plots can be square, round, or rectangular.  In gathering data, many small samples are more informative than a few large ones.  The total sampling size should be at least 10% of the study area to accurately predict community structure.  For example, if you decide the study area will be 100 square meters, you need to sample at least ten 1-square-meter plots.
     The position of plots surveyed should be determined randomly to eliminate bias.  Several methods are used to randomly select plots, such as consulting random number tables, throwing a stick over one’s shoulder, or drawing numbered chips out of a bag.  Ecologists record field observations using various methods.  Some methods require removing the plants from the field, but we will record the plant species and location on a vegetation map of the community.
     A primary function of surveying community structure is determining the abundance of species in relation to habitat, time, each other, or different community types.  The measures of abundance are density, frequency, and dominance.  Density is defined as the number of individuals per area sampled.  Relative density is the density of a given species in relation to the total density of all species.  Frequency is the number of quadrats in which a species occurs divided by the number of quadrats examined.  Relative frequency is the frequency of a given species in relation to the total frequency of all species.  From relative density we can determine which species is most abundant.  Remember that density measures how many of a species are present, while frequency measures how often that species occurs.
     Determining the frequency can help researchers define the distribution of species in a community.  Relative frequency can tell us if a given species is distributed randomly, uniformly, or in clumps.  If the relative frequency of a species is between 0% - 30%, the species occurs in clumps.  If it is between 31% - 80%, the species is randomly distributed, and if it is between 81% - 100%, the species is uniformly distributed throughout the community.  It is just as important for managers to know how species are distributed throughout a community as how many individuals of each species are present.
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V. Procedure

Materials

     Hula-hoop (the hula Hoop is 1 square meter)
Method

1. The instructor will show the class five major plant species that are to be found in the community you will study (a-e).  
2. Place your hula hoop down and count all individual plants belonging to the five species listed at the top of Data Sheet 2.1.  Record species type, size, and location on your vegetational community map on Data Sheet 2.1.  Indicate a plant’s size by drawing a circle proportional to the size of the plant in the quadrat.  Record the species using the corresponding letter in the data sheet.  What you will end up with is a “map” of the quadrat, showing the relative size and numbers of the five species you are counting.  While counting, you must make several decisions.  To include a plant in the count, at least 50% of it must be inside the quadrat.  For bushes and grasses, you must make a decision as to what is an individual plant, since one plant may be bushy and may look like several plants, when in fact it is not (your instructor will help you on this).
3. Count the number of plants of each species in your quadrats.

4. Put your results on the chalkboard and then record the rest of the class results on Data Sheet 2.3, section E.  Complete the calculations on Data Sheets 2.4 and 2.5.  Answer questions in Section VI.
Data Sheet 2.1:  


A. List five species in your community:  ______________________________________________________________
Species a:  __________________________________________________
Species b:  __________________________________________________

Species c:  __________________________________________________

Species d:  __________________________________________________

Species e:  __________________________________________________

B. Vegetational community map:  

Data Sheet 2.3

C. Each group in the class will record the number of plants counted by species in each quadrat surveyed in the community.
	Quadrat #
	Species a
	Species b
	Species c
	Species d
	Species e
	Total

	1
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	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
	
	
	
	
	
	

	9
	
	
	
	
	
	

	10
	
	
	
	
	
	

	Total
	
	
	
	
	
	


D. Calculations:

1. To find the total density (remember the definition of density) for all plants in all quadrats:

a. Add up the total number of plants:  _______________ plants

b. Add up the total number of quadrats:  _____________ sq. meters

c. Divide a by b to find the total density = (a/b) = _________________ plants/m2 (put this number in all of the rows in column 4 in the table below)
2. To determine the relative density (remember the definition) of the 5 species (i.e., the density of a species relative to the other species):
a. Fill in column (1) for the five species according to Data Sheet 2.3.

b. Column (2) (total no. of quadrats) will be all the same number, which is 10.

c. For column (3), divide the total number of plants in column 1 by the total number of quadrats in column 2 for each species.

d. Put the answer from (1c) in column 4; again, each row in this column will have the same number.

e. For column (5), divide column (3) by the total density (column 4) to get a decimal density number.
f. Multiply each row by 100 (column 6) to convert the decimal density to a percent relative density (hint: the sums of the relative densities should be very close to 100%).
	Species
	(1)

Total no. of plants
	(2)

Total no. of quadrats (m2)
	(3)

Species Density/m2

(1) ÷ (2)
	(4)

Total Density (plants/m2)
	(5)

decimal density #

(3) ÷ (4)
	(6)

Relative Density (%)

	a
	
	
	
	
	
	

	b
	
	
	
	
	
	

	c
	
	
	
	
	
	

	d
	
	
	
	
	
	

	e
	
	
	
	
	
	


Data Sheet 2.5

3. To determine the total frequency for all the quadrats sampled:
a. How many quadrats had plants:  ________

b. How many quadrats were surveyed:  _______

c. Divide a by b to find the total frequency = (a/b) = _______ (put this number in all of the rows in column 4 of the table below)

4. To determine the relative frequency of each plant species:

a. In column (1), for each row, record the number of quadrats that had that particular species.

b. In column (2), record the total number of quadrats surveyed (again, all rows will probably be 10).
c. For column (3), divide column (1) by (2) to get a species frequency.

d. Column (4) will have the answer calculated in 3c.
e. For column (5) in each row, divide species frequency (column 3) by the total frequency (column 4).
f. For column (6), multiply each row by 100 to change the decimal frequency of each species to a relative frequency.
	Species
	(1)

Number of quadrats species occurs in
	(2)

Total no. of quadrats
	(3)

Frequency of species

(1) ÷ (2)
	(4)

Total Frequency
	(5)

(3) ÷ (4)
	(6)

Relative Frequency (%)
(5) x 100

	a
	
	
	
	
	
	

	b
	
	
	
	
	
	

	c
	
	
	
	
	
	

	d
	
	
	
	
	
	

	e
	
	
	
	
	
	


VI. Questions
1. According to the vegetational community map, which species appeared to be most dominant?  Did all quadrats contain at least one species of plant?  Were any quadrats devoid of plant life?
2. Based on the relative density of each species, which plant is the most dominant?  Does this correspond with your answer in question 1?

3. Based on the relative frequency of each species, which plant occurs most frequently?  Is this the same species that was most dominant?
4. According to the relative frequency of each species, are the plants in the community uniformly distributed, randomly distributed, or clumped in groups?  (Answer for each species and as a whole community.)

5. Are there any features or characteristics of the environment (e.g., slope, soil moisture, shade, etc.) that might lead to the distributions you observed?

6. What difficulties could you encounter in trying to run quadrat studies on animal populations?  In an aquatic environment?

7. What is the relation between density and frequency?  Can a species of plant have a high relative density, but have a lower relative frequency, or vice versa?

8. What significance does calculating density and frequency have in conserving and protecting ecosystems?

9. Have humans influenced the community you studied?  If so, how?

The chart below summarizes the formulas you will use in this lab:
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