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2010
MEASURING ORGANISM ABUNDANCE & 

DESCRIBING BIOLOGICAL COMMUNITIES

Goals for Today 

1. To learn about selected approaches to assessing the abundance of organisms within a plant community

2. To contrast these different approaches to plant community description and explore their limitations

3. To practice these approaches in the lab
SCHEDULE for APRIL 6, 2010

	Time Period
	Activity

	11:00 – 11:35
	Lecture: Plant community organization & measurements of abundance

	11:35 – 11:45
	Sampling exercise introduction

	11:50 – 12:55
	Sampling exercise

	12:55 – 1:05
	Comparing sampling results to actual numbers



 Vegetation Analysis: An Introduction
The description of plant communities is a cornerstone of understanding the ecology of any landscape.  Before a detailed understanding of the ecology of a place can be formulated, it is necessary to have some understanding of spatial relationships, abundance, and diversity of plants in an area.  It is also necessary to consider the characteristics of the abiotic (physical and chemical) environment because the plant community and soils and local atmospheric environment develop together, each influencing the other.  Thus, an understanding of the ecology of place often begins with a study of plant communities and their associated environmental factors. 

Because it is impossible to quantify the number and distribution of all species and individuals within a plant community, ecologists have developed several ways to obtain representative samples.  Two major classes of techniques to quantitatively describe plant communities have evolved: plot and plotless approaches.  An accompanying handout (Barbour et al. 1987) gives a good introduction to these sampling methods and their implementation.  Plot techniques involve the establishment of a representative area within the plant community (the plot), followed by intensive sampling of plant species and associated environment within repeated areas of the plot called quadrats (yes, “quadrats” – not “quadrants”!).  The quadrats are either a rectangle, circle, or square within which individual plants are identified, counted and measured.  A less intensive approach to plot data collection is to estimate the proportion of area within the quadrats occupied by each species (% cover).  The effectiveness of different shapes and sizes of quadrats depends upon characteristics of the community being sampled, such as plant size, spacing, and dispersion pattern.  For many plant communities, rectangular quadrats have proven to be the best shape, particularly if the sides occur in a 1:2 ratio.  Quadrat size depends greatly upon community attributes but as a general approach, quadrats of 1 m2 are recommended for closely-spaced herbaceous vegetation; 10 m2 for shrubs and small saplings; and 100 to 400 m2 for trees.  If different strata in a forest community are being sampled, these different quadrat sizes can be nested within each other, using the appropriate size for each vegetation layer.  The location of sample quadrats is a critical aspect that will influence the validity of a study. Often quadrats are located randomly within the area of interest, though if clear environmental gradients exist, a stratified random approach is employed, placing quadrats randomly within strata that cut across the environmental gradient (such as elevation above mean tide in a salt marsh). The fine details of sampling are beyond the scope of this course but we will have time in the lab and field to discuss such matters for those interested.
Plotless methods were developed to reduce the time required by plot sampling and to facilitate sampling in certain vegetation types, particularly very dense stands.  Some plotless methods are better suited to forests and others are superior in herbaceous vegetation.  Some of the more common plotless methods include the line intercept (which we will use) and the point centered quarter approaches (Mueller-Dombois and Ellenberg 1974).  

The following terms are often utilized in vegetation descriptions and may prove useful in various exercises this quarter:

Plot ............... a large area selected as representative of the plant community

Quadrat ....... an area within a plot in which vegetation is sampled

Abundance .. the number of individuals of a species in a community or plot

Density  ........
the number of plants or stems per unit area

Richness  ......
the number of species in the plant community

Frequency  ...
the percentage of the total number of quadrats containing a certain species

Cover  ...........
the % of area occupied by a vertical projection of a plant canopy to the ground.

DBH  ............
Diameter at Breast Height, tree trunk diameter at 1.5 meters above the ground

Basal Area  ..
tree trunk cross-sectional area at 1.5 m above the ground, assuming a circle
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LABORATORY VEGETATION SAMPLING EXERCISE

To evaluate the relative importance of different species in a plant community, we will be measuring (estimating) their canopy cover (% of a certain ground area covered by the plant canopy).  In such a procedure in the field, you face an often difficult challenge of using a vertical projection of a plant canopy above (or below) you onto the ground surface.  This lab bench exercise simplifies that challenge because our artificial plants are already just two-dimensional. The “communities” you will sample have been created from poster board fashioned into 1 by 1 meter squares. On these boards, I have placed different “species”, each represented by different colors of paper (cut into different shapes and sizes of “individuals” and placed around the community in selected dispersion patterns).

We will use both (1) transect and (2) quadrat techniques to estimate the % cover of each species and the total community.  

OBJECTIVES

We will utilize a simple lab bench exercise to familiarize you with line transect and quadrat approaches to vegetation sampling.  This exercise will also allow you to practice estimating plant cover before going out into the field later this week. Each approach has its benefits and disadvantages in different logistical situations and vegetation types.  Often the dispersion pattern of plants will influence the appropriateness of the methodology.  

You are responsible for sampling one of the artificial communities set up on poster boards using both line transects and a quadrat approach.  Following the sampling, the actual values for the different communities will be revealed.  

LOGISTICS / PROCEDURES

You should work as a group of 2-3. Each group will select one artificial community to sample – with different dispersion patterns or plant cover attributes. The details for both quadrat and transect sampling are described in the following sections. You MUST read these carefully BEFORE coming to class so we can use our time efficiently!

LAB SAMPLING TIME GUIDELINES

Sampling

Use these approximate times to pace yourself to complete these tasks:


10 minutes / transect  x   3 transects =     30 minutes


10 minutes / quadrat  x  3 quadrats   =     30 minutes

    TOTAL sampling time for 1 community    =        60 minutes

In the artificial communities there are colored paper pieces that represent a vertical projection of a single plant’s canopy onto the ground. Each color represents a species:

Salix pacifica (Pacific willow): 
yellow

Spirea douglasii (hardhack):
purple

Gaultheria shallon (salal):
    bright green

Rubus spectabilis (salmonberry):
blue

Thuja plicata (western red cedar):
pale green

Carex obnupta (slough sedge):
pink
Transect Sampling 
Sample the plant community along three 1-meter long transects. The transects should be run perpendicular to the edge of the community and located randomly. The edges are 100 cm long. Randomly select an integer between 1 and 100 and place your meterstick at that cm distance from a corner of your choice. Random numbers can be generated on Excel (for Excel 2007 select the “Formulas” tab and go to the “RANDBETWEEN” function that is listed under the “Math & Trig” Function Library – to get a random number between 0 and 100) or on many personal calculators. The meterstick edge corresponding to your random number represents the transect. 


           Community Boundary


       Transect Line

Each of the transect lines will provide an independent estimate of the cover of individual species and all of the species together.    

For each transect line, record the distance each species’ canopy intersects the transect line (one selected side of the meterstick).  The % cover of any species along that transect line is simply the total distance intersected along that line divided by the distance of the transect line times 100.  For example, suppose the intersections of the following species on one transect line were recorded (in cm):






Distances intersected along meterstick

Rubus parviflorus

5-10; 22-43; 76-77; 94-98


Urtica diocea


12-16; 51-55


Gaultheria shallon

17-21; 45-53; 61-81

Linear Canopy Distance is calculated as:






Linear canopy distances

Rubus parviflorus

5 + 21 + 1 + 4  =  31 (cm of total canopy intersection)

Urtica diocea


4 + 4  =  8


Gaultheria shallon

4 + 8 + 20 = 32

Because the total transect length was 100 cm, % cover is calculated as:






% Cover




Rubus parviflorus

(31 / 100) * 100 = 31%


Urtica diocea


(  8 / 100) * 100 =   8%


Gaultheria shallon

(32 / 100) * 100 = 32%


Total Community Cover =                                   71%

Note that with overlapping canopies (as is common in real plant communities), total %cover for a community (or conceivably even a dense single species) could exceed 100%.

Pictoral Example of Lab Transect Data Collection

Below is a simplified example, using a hypothetical 100 cm transect. There are two species shown in the community: species 1 (white) and species 2 (grey). Transect 1 is shown as a line with double-headed arrows. No scale is shown but the distances intersected by the canopies are shown below. The transect crosses four individual canopies of species 1 and two canopies of species 2.







Distances intersected along meterstick

Species 1


10-22; 34-42; 46-51; 62-75


Species 2


26-29; 85-93

Total Linear Canopy Distance for each species is calculated as:






Linear canopy distances

Species 1


12 + 8 + 5 + 13  =  38


Species 2


3 + 8  =  11

Because the total transect length was 100 cm, % cover is calculated as:






% Cover




Species 1


(38 / 100) * 100 = 38%


Species 2


(11/ 100) * 100 =  11%


Total Community Cover =                                   49%

Transect Data Collection Forms

Note that these forms are for ONE community 

TRANSECT 1

     




COMMUNITY #: 
	Species
	Color
	List of Distance intersections (cm)
	
	Total Distance (cm)
	% Cover

	EXAMPLE
	
	2.5, 4, 6.5, 18, 10
	
	41.0
	41.0%

	Salix pacifica
	Yellow
	
	
	
	

	Spirea douglasii
	Purple
	
	
	
	

	Gaultheria shallon
	Bight green
	
	
	
	

	Rubus spectabilis
	Blue
	
	
	
	

	Thuja plicata
	Pale green
	
	
	
	

	Carex obnupta
	Pink
	
	
	
	


TRANSECT 2

     




COMMUNITY #:
	Species
	Color
	List of Distance intersections (cm)
	
	Total Distance (cm)
	% Cover

	Salix pacifica
	Yellow
	
	
	
	

	Spirea douglasii
	Purple
	
	
	
	

	Gaultheria shallon
	Bight green
	
	
	
	

	Rubus spectabilis
	Blue
	
	
	
	

	Thuja plicata
	Pale green
	
	
	
	

	Carex obnupta
	Pink
	
	
	
	


Transect Data Collection Forms

TRANSECT 3

     




COMMUNITY #:
	Species
	Color
	List of Distance intersections (cm)
	
	Total Distance (cm)
	% Cover

	Salix pacifica
	Yellow
	
	
	
	

	Spirea douglasii
	Purple
	
	
	
	

	Gaultheria shallon
	Bight green
	
	
	
	

	Rubus spectabilis
	Blue
	
	
	
	

	Thuja plicata
	Pale green
	
	
	
	

	Carex obnupta
	Pink
	
	
	
	


Quadrat Sampling 

You will be supplied a 1-meter by 1-meter sampling frame to sample your community. It should fit exactly over your community board. The frame is divided into 25 quadrats (each one is 20 cm by 20 cm). The division of this sampling frame into squares helps the user estimate % cover of a plant in the field – but we will be using that grid differently in this lab exercise. Here we will simply randomly select three of the grid squares as sample “quadrats” to sample the community.

	21
	22
	23
	24
	25

	20
	19
	18
	17
	16

	11
	12
	13
	14
	15

	10
	9
	8
	7
	6

	1
	2
	3
	4
	5


Selecting Your Sampling Quadrats

· Place your frame over the community board and designate one corner as quadrat number 1. 

· Randomly select 3 integers between 1 and 25. These will correspond to 3 randomly selected quadrats that you will sample (count quadrats in a predetermined direction of your choice from your designated starting corner).  For example, your three quadrats might be:

	21
	22
	23
	24
	25

	20
	19
	18
	17
	16

	11
	12
	13
	14
	15

	10
	9
	8
	7
	6

	1
	2
	3
	4
	5


Estimating % Cover of Species in each Quadrat

· Estimate %cover of one of the species that occurs in the first quadrat.

· You should be working in a pair.  Focus on one species at a time. 

· For the first species, each of you should estimate the same species independently (at the same time).  

· When you have each completed your estimate for the first species, compare them and discuss.  

· Come to a consensus on your final estimate for that species. 

· Using the data forms provided record your personal estimate and the consensus estimate.

· Repeat the procedure for all species that occur in the first quadrat.

· Repeat the above procedures for each of the remaining two quadrats in that community.  

Estimating Canopy Cover in the Field

This approach to estimating the actual cover of plant canopies can yield good, detailed data if it is done with care by individuals with experience, often working in pairs. Individuals must be trained to accurately estimate canopy cover and be able to project complex canopies onto the ground surface for estimation. Reference sheets, such as those below, with known cover values can help train individuals.

[image: image1.emf]
The use of a consensus approach (as we are doing in this lab) increases the accuracy greatly. However, in the field sometimes time constraints preclude such detailed estimates and in place of exact canopy cover estimates, each species / canopy is placed into cover classes. In many cases involving land management it is more important to gather data rapidly from more locations than to gather data more carefully at fewer locations. There are a number of different cover class scales, each with specific advantages in different circumstances. One often-used scale is the Daubenmire cover class scheme:
	Cover Class
	% Cover Range

	1
	0 – 5

	2
	5 – 25

	3
	25 – 50

	4
	50 – 75

	5
	75 – 95

	6
	95 – 100


It should be noted that there are a number of other approaches to estimating plant cover applicable to different circumstances, including the use of hemispherical ground photographs or aerial and satellite photographs. The latter categories are used more for estimates of ecosystem primary productivity than a detailed description of a vegetation community.

 Lab Quadrat Data Collection Forms

 




COMMUNITY # : 

YOUR INDEPENDENT ESTIMATES OF % COVER

	Species
	Color
	Quadrat 1
	Quadrat 2
	Quadrat 3

	Salix pacifica
	Yellow
	
	
	

	Spirea douglasii
	Purple
	
	
	

	Gaultheria shallon
	Bight green
	
	
	

	Rubus spectabilis
	Blue
	
	
	

	Thuja plicata
	Pale green
	
	
	

	Carex obnupta
	Pink
	
	
	


YOUR GROUP’S CONSENSUS ESTIMATES OF % COVER

	Species
	Color
	Quadrat 1
	Quadrat 2
	Quadrat 3

	Salix pacifica
	Yellow
	
	
	

	Spirea douglasii
	Purple
	
	
	

	Gaultheria shallon
	Bight green
	
	
	

	Rubus spectabilis
	Blue
	
	
	

	Thuja plicata
	Pale green
	
	
	

	Carex obnupta
	Pink
	
	
	


Summarizing Your Sampling

Transect Sampling Data: Complete the table below to summarize your group’s transect data.
PERCENT COVER

	Species
	Salix pacifica
	Spirea douglasii
	Gaultheria shallon
	Rubus spectabilis
	Thuja plicata
	Carex obnupta
	TOTAL COVER

	Color
	Yellow
	Purple
	Bright green
	Blue
	Pale green
	Pink
	

	Transect 1
	
	
	
	
	
	
	

	Transect 2
	
	
	
	
	
	
	

	Transect 3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	MEAN
	
	
	
	
	
	
	

	SD
	
	
	
	
	
	
	


Quadrat Sampling Data: Complete the table below to summarize the consensus group quadrat data.

PERCENT COVER

	Species
	Salix pacifica
	Spirea douglasii
	Gaultheria shallon
	Rubus spectabilis
	Thuja plicata
	Carex obnupta
	TOTAL COVER

	Color
	Yellow
	Purple
	Bright green
	Blue
	Pale green
	Pink
	

	Quadrat 1
	
	
	
	
	
	
	

	Quadrat 2
	
	
	
	
	
	
	

	Quadrat 3
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	MEAN
	
	
	
	
	
	
	

	SD
	
	
	
	
	
	
	


BRING A CALCULATOR TO CLASS TODAY!!!





Illustrations from the Green Seattle Partnership’s Forest Steward Field Guide
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