Clark Fork Watershed Education Program

Teacher Lesson Plan:  Plants and Pollinators Module
(Riparian) Vegetation Assessments
Teacher Lesson Plan:  Plants and Pollinators Module

Riparian Vegetation Assessments (cont’d)

	Prep Time:  1 hour
Class Time:  1 -2 class periods, can be extended to several hours in the field
Grade Level:  5-8, adaptable to all grade levels

Teacher Lesson Plan Outline:

Page 2:   Key Vocabulary

Page 5:   Lesson Procedure

Page 10:  Standards Alignment


	Objective:  Students will be able to:

· Use measurement tools to assess % cover of vegetation in a 1 meter square
· Define transects and describe how scientists use a transect to assess vegetation cover

· Identify ground cover, understory and overstory and discuss why structural diversity is important in an ecosystem

· Identify specific riparian vegetation, i.e. sedges and rushes

· Make inferences of overall site health based on data collected on vegetation diversity 



	Materials:  

· 50m tape measures
· Plant Guide for Students

· Wooden frames

· Laser pointers

· Helige-Troug kits OR pH strips & cups for slurries 

· Clip boards

· Pencils

· Datasheets:  1) Riparian Vegetation Assessment, 2) Meter Frame Counts, 3) General Observations

	Correlations to Montana Curriculum  Standards ( Benchmarks noted are for 8th grade

Science Standards:  1:2, 3:4



Vocabulary
Acidic:  An acid is traditionally considered any chemical compound that, when dissolved in water, gives a solution with a hydrogen ion activity greater than in pure water, i.e.  a pH less than 7.0.  Put another way, an acid is a compound which donates a hydrogen ion (H+) to another compound (called a base).  Common examples include acetic acid (in vinegar) and sulfuric acid (used in car batteries).

Aquatic:  Meaning “of the water”, but not the water itself.   For example, plants that live and grow within a stream are aquatic plants.

Basic:  In chemistry, a base is commonly thought of as any chemical compound that, when dissolved in water, gives a solution with a pH higher than 7.0.  Examples of simple bases are sodium hydroxide (baking soda) and ammonia.  Bases can be thought of as the chemical opposite of acids.  A reaction between an acid and base is called neutralization.  Bases and acids are seen as opposites because the effect of an acid is to increase the hydronium ion (H3O+) concentration in water, whereas bases reduce this concentration.  Bases react with acids to produce water and salts (or their solutions).

Biodiversity:  The variety of living things, such as plants, animals, and other organisms, present in a particular area, whether that area is as small as one individual valley or an entire planet.  Bio meaning ‘life’ and diversity meaning ‘variety.’  
Biological indicators:  An indicator species is an individual or group of individuals whose presence or absence in a given environment or ecosystem may indicate certain conditions present in that environment or ecosystem.  Indicator species are typically sensitive to, or tolerant of, pollutants or other environmental impacts.  Bio meaning ‘life’ and indicators meaning ‘attracts attention.’  
For a great website that delves deeper into types of indicator species and differing environmental conditions visit:

http://science.jrank.org/pages/3553/Indicator-Species.html
Coniferous plants:  Trees and shrubs that produce seeds in cones (gymnosperms) and have needle or scale-like leaves.  Most coniferous plants are evergreen, meaning they have green leaves on the tree all year.  The leaves are shed, but not all at once.   One common exception found in Montana are the larch trees (Western and Alpine larch), which shed their leaves in fall. 
Deciduous plants:  Trees, shrubs and non-woody (herbaceous) plants that produce seeds through flowers rather than cones.   Deciduous trees and shrubs shed their leaves seasonally, typically in fall.  Deciduous non-woody plants die back in fall.
Ecosystem:  A natural unit consisting of all plants, animals and micro-organisms (biotic) in an area functioning together with all of the non-living, physical (abiotic) elements of the environment.  Also, a community of plants and animals and the environment in which they live.
Forbs:  Herbaceous (non-woody stems) flowering plants that are not graminoids (grasses, sedges and rushes).  The leaves of forbs are broader than those of grasses.  Most wildflowers, herbs, succulents and ferns are considered forbs.

Graminoids:  Herbaceous grasses (family Gramineae or Poaceae), and grass-like plants such as sedges (family Cyperaceae) and rushes (family Juncaceae).
Grasses:  Plants having narrow leaves, hollow stems, and clusters of very small, usually wind-pollinated flowers.  Grasses (family Gramineae or Poaceae) include many varieties of plants grown for food and ground cover.  Wheat, maize, sugar cane, etc., are all grasses.

Greenline:  The first strip of vegetation along the stream.  Also, the first perennial vegetation that forms a lineal grouping of community types on or near the water’s edge.  Most often it occurs at or slightly below the bankfull stage – the water level of steams or rivers when they are at their fullest.

Ground cover:  As used by CFWEP, the layer of vegetation (plants) that extends from the ground to 0.5 meters high.  Typically, ground cover consists of grasses and forbs, but can also include very small shrubs and tree seedlings.  The plant community of the ground cover layer that is of interest to us includes sedges, rushes, grasses, forbs, pollution tolerant species (tufted hairgrass and saltgrass), bare/disturbed ground, and rocks.  
Herbaceous plants:  Also known as non-woody plants.  The stems of herbaceous plants remain green throughout the growing season, never getting woody.  These plants are typically found in the ground cover layer, but tall grasses can extend into the understory layer.
Layers of the plant community: As defined by CFWEP and some others, the layers include:   ground cover layer (0-0.5 m), understory layer (0.5-3.0 m), and the overstory layer (over 3.0 m).  

Neutral:  In pure water at 25 °C, the concentration of H+ equals the concentration of hydroxide ions (OH-).  This is defined as "neutral" and corresponds to a pH level of 7.0.
pH:  The measure of the acidity or alkalinity of a solution.  It is formally a measure of the activity of dissolved hydrogen ions (H+).  In solution, hydrogen ions occur as a number of cations including hydronium ions (H3O+).  In pure water at 25 °C, the concentration of H+ equals the concentration of hydroxide ions (OH-).  This is defined as "neutral" and corresponds to a pH level of 7.0.  Solutions in which the concentration of H+ exceeds that of OH- have a pH value lower than 7.0 and are known as acids.  Solutions in which OH- exceeds H+ have a pH value greater than 7.0 and are known as bases (or alkaline solutions).  pH is used as a water quality indicator.  The typical pH of Montana streams and rivers is about 7-9.

Overstory:  As used by CFWEP, vegetation (plant) layer that extends over 3 meters high.  Overstory is typically made up of mature trees, however, some shrubs could grow tall enough to fit into the overstory.
Pollution tolerance:  The ability of a plant or animal to survive under adverse conditions which is directly related to how tolerant or resistant the organism is to pollution and/or other environmental impacts.  Examples of pollution tolerant grasses include tufted hairgrass and saltgrass.   
Riparian:  A riparian zone or riparian area is the interface between land and a stream, river, lake or other body of water.  Riparian zones are significant in ecology, environmental management, and civil engineering because of their role in soil conservation and biodiversity, and the influence they have on aquatic ecosystems.  
Rush:  Grass-like or sedge-like plant growing in very moist soils.  Rush stems are solid and round-shaped.  The stem is the primary way to distinguish rushes from sedges and grasses.  Flowers of the rush are typically located along the top part of the stem.
Tree:  A woody plant with an erect, perennial trunk and a fully-formed crown of foliage.  At maturity, diameter of the trunk should be at least three inches at breast height and achieve a total height of at least 12 feet.  
Saltgrass (Distichlis spicata):  A specific type of pollution tolerant grass that is able to tolerate soils that are heavy in salts, such as copper salts.  

Sedge:  Grass-like or rush-like plant growing in very moist soils.  It has  narrow grass-like leaves and spikelets of inconspicuous flowers.  Features distinguishing members of the sedge family from grasses or rushes is that members of the sedge family have triangular stems (with occasional exceptions), and their leaves are spirally arranged in three ranks (grasses have alternate leaves forming two ranks).

Shrub:  A woody plant, relatively low (smaller than a tree), with several stems arising from a single base; a bush.  
Structural diversity:  When referring to vegetation, structural diversity implies that there are several different types of plants of varying heights and shapes.  Structural diversity lends to better wildlife habitat surrounding streams and rivers.
Tufted hairgrass (Deschampsia cespitosa):  A specific type of pollution-tolerant grass that is able to tolerate low pH soils.  It grows in bunches with “tufts” of seed heads.

Understory:  As used by CFWEP, the layer of vegetation (plants) that extends from 0.5 m to 3 m high.  Typically this layers consists of shrubs and shorter trees, but may include some high-growing, deciduous, herbaceous plants, such as grasses.
Vegetation:  Plant life or total plant cover in an area.
Objective

Assess riparian vegetation growing along and near a stream/river bank using transects and meter plots.  The assessment will include both the structural diversity and biodiversity of the ground cover, understory and overstory layers within the assessment site.  The steps to performing riparian vegetation assessment are described below.

Materials
For All Activities:

· Clip boards

· Pencils

Activity 1:  Riparian Vegetation Assessment:

· 50m tape measures

· Plant Guide for Students
· Datasheet:  Riparian Vegetation Assessment

Activity 2:  Ground Cover Biodiversity Assessment (Meter Plots):
· Wooden frames

· Laser pointers

· Helige-Troug kits OR pH strips & cups for slurries 
· Datasheets:  Ground Cover Biodiversity - Meter Plots
Activity 3;  General Observations:
· Datasheets:  General Observations
Procedure for Activity 1 – Riparian Vegetation Assessment:
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Set out a tape measure 30 m in length along the greenline (see vocabulary) of the stream/river.  I recommend about 0.5 meters from edge of water for safety concerns.  

The meter tape should follow the curves of the stream/river – this is considered “Line 1” (Figure 1).  Additional lines can be set back-to-back; i.e., another 30 m line following the first along the greenline.  This would still be Line 1, but sample 2.  Alternatively, you can set another line 5 meters from Line 1 going away from water.  This is “Line 2.”  
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Starting at the 3 m point of the tape and for every 3 meters after that (i.e., 6 m point, 9 m point, etc.) have students determine the vegetation type in the ground cover layer (0.0 to 0.5 m tall), the understory layer (0.5 to 3 m tall) and the overstory layer (over 3 m tall) (Figure 2).  Only one category of plant type can be scored for each layer.  All data should be recorded on the datasheet.
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Figure 2. Layers of riparian vegetation. These are the categories used to conduct
structural diversity assessments. Modified from the following source:
http://www.cowsandfish.org/pdfs/biodiversity.pdf.




The plant types and codes for each type are as follows:

3. When assessing understory and overstory vegetation along the greenline, instruct students to envision an imaginary vertical line extending up from the meter point.  If this vertical “line” intersects the canopy of a shrub or tree, then the data should be recorded as being on the sample point.  

4. If no shrub or tree is encountered, a dash (―) should be placed in the in the column on the data form.

5. I instruct students to leave the tape measures where they are and I then check their work, especially the points where they indicated bare soil or tailings.  I instruct students to test the pH of the soil to verify which category is best.  If the pH indicates acidic soils, the category should be marked as “tailings” and not bare soil.  If the pH is near neutral, “bare” is fine.  
6. Following the completion of greenline measurements, instruct students to complete the calculations at the bottom of the datasheet.  (This can also be done later in class).
7. First, for just for the ground cover layer, sum the number of times each different type of category was observed.  

· For example, if sedges/rushes (SR) was observed 2 times under ground cover, put a 2 next to SR for the appropriate line.  (Note: This means 20% of ground cover is sedges/ rushes since there are 10 stations.)

· Each site column should equal 10.  

8. Second, calculate percent of stations (meter points) that had any type of vegetation at each layer.

· For example, if 7 meter positions had understory, then Understory = 70%  (7/10=0.7).

· For ground cover, do not include B's (bare ground), T's (tailings) or R's (rocks) in this tally.  We are only interested in percent of live plants within each layer.
NOTE:  Since many students may not have yet learned about deciduous or coniferous plants, nor about pollution tolerant plants, I train them on plant types and recording data on datasheets the day before a field trip.  Please see the Practice Vegetation Station documents for information regarding the in-class practice and materials used.

Procedure for Activity 2 – Ground Cover Biodiversity Assessment (Meter Plots):
1. Meter frames can either be set out at points along or near the tapes laid out for Activity 1 (see Figure 1 for example), or along a transect line running diagonally from the stream, or just about anywhere.  Of special concern is that there is randomness to the sites chosen for meter frames since students, as well as other folks, tend to place frames in areas of high vegetation or based on some other bias. 

2. The number of frames does not matter; 5 or more are preferable.  This activity is set up for 10 frames.  Using the wooden stick and laser pointer, scan the frame all the while indicating whether live vegetation was struck with the laser.

3. The categories to indicate are as follows:

· For vegetative layers:  live ground cover, live understory and/or live overstory

· Others to indicate:  Live pollution tolerant, litter, rock or bare ground.

4. Within each frame, a tick mark should be placed under each category that indicate the number of times a sample point hit that particular category.
5. All data should be recorded on the datasheet.

6. In addition, anytime a new type of live plant that has not been seen before is encountered, a tick mark should be placed in the “Biodiversity” box at the bottom of the datasheet.

7. After 10 frames (or whatever number of frames) are completed, the calculations should be done as instructed on the datasheet.  In brief, each column should be added.  Then that number divided by:  number of frames x 10.  These totals should then be filled into the boxes at the bottom of the datasheet.
Procedure for Activity 3 – General Observations:

1. This is a pretty basic activity to get students to observe the area around them and understand where they are in space (geographical reference).   Information should be recorded on the datasheet as indicated.  
2. Be sure to ask students to indicate what type of evidence they found to indicate “evidence of wildlife use.”  For example, if they indicated birds using the area, did they see or hear the bird; did they base it on the presence of a nest or feathers, etc.

BACKGROUND INFORMATION

The Overstory Layer

The overstory (also called the canopy) is the highest vegetative layer.  In CFWEP’s study, the overstory is defined as any vegetation over 30 meters tall.  The primary vegetation found in the overstory is mature trees and the overstory is typically filled by leaves of these trees.  During the growing season, overstory leaves intercept much of the sunlight available to the lower layers.  Typically less than 50% of the total amount of sunlight can pass through the overstory to plants in the lower layers.

In a deciduous forest, the overstory is typically the last layer to show green in the spring. Since the overstory trees receive sunlight throughout the growing season, they can wait longer to deploy their leaves. This reduces the risk of the young tender leaves being destroyed by a late freeze.  This also allows the layers under the overstory to receive sufficient sunlight.

The Understory Layer1 

Just beneath the overstory is the understory.  In CFWEP’s study, the understory is defined as any vegetation between 0.5 and 30 meters tall.  It is common to find other studies that split the understory layer, sometimes into 2 to 3 additional categories.  The primary vegetation found in the understory includes tree saplings, small shade-tolerant trees, shrubs/bushes, and tall herbaceous plants.  The understory can be thought of as a tree sapling staging ground.  In a mature forest, many saplings can claim enough nutrients and sunlight to reach the understory.  However, further growth is typically impractical as the saplings cannot obtain enough additional nutrients from established overstory trees to grow any higher.  Therefore, many saplings slow their growth and wait in the understory until a mature overstory tree dies.  How well a sapling can grow in full shade and how long a sapling can survive in the understory are two principle measures of a tree's shade tolerance. 

When a mature tree dies and opens a gap in the overstory, all of the saplings waiting in the understory rush upward.  The saplings quick growth is fueled by the sudden increase in sunlight and nutrients no longer claimed by the deceased tree.  The race to reach the overstory is very much a race for survival.  There is typically only room for one new tree in the overstory. The tree that reaches the overstory continues to grow and expand, gradually reducing the flow of sunlight and nutrients to the trees below.  All saplings that committed to the growth race, but failed to reach the overstory, gradually weaken and eventually die.  

The understory typically provides an abundance of food for animals such as deer and bears.  In fact, many plants of the understory depend on wildlife to distribute their seeds.  The animals ingest the plants' fleshy fruits and distribute the seeds in their feces.

The Ground Cover Layer1
The ground cover layer is the layer closest to the ground.  In CFWEP’s study, ground cover is defined as any vegetation from the ground up to 0.5 meters tall.  In addition, for our studies, ground cover also includes bare ground (includes dead plant matter), rocks, and tailings.  The primary plants of the ground cover include tree seedlings, herbaceous plants, and grasses.  Plants of the ground cover are typically the first plants to turn green in the spring. These plants have to deploy their leaves early in the growing season to capture direct sunlight to kick-start their growth cycle.  Once the understory and overstory plants have deployed their leaves, very little sunlight remains for plants in the ground cover layer.  Many plants in the ground cover layer have short life cycles.

Since CFWEP’s curriculum is geared towards comparing unimpacted, less impacted or restored field sites to impacted field sites, we have also included the recording of other plants of the ground cover layer that reveal information regarding the health of the riparian vegetation.  Specifically, we ask students to identify pollution-tolerant plants (tufted hairgrass and saltgrass), moisture-loving plants (sedges and rushes) and bare ground with tailings.

Montana Content Standards Alignment

Science
Standard 1:  Students, through the inquiry process, demonstrate the ability to design, conduct, evaluate, and communicate the results and form reasonable conclusions of scientific data.

Benchmark:   2.  Select and use appropriate tools including technology to make measurements (in metric units), gather, process and analyze data from scientific investigations.

Standard 3:  Students, through the inquiry process, demonstrate knowledge of characteristics, structures and function of living things, the process and the diversity of life, and how living organisms interact with each other and their environment.

Benchmark:     4.  Investigate and explain the interdependent nature of populations and communities in the environment and describe how species in these populations adapt by evolving.

 










� Information on plant layers was modified from descriptions obtained from the following web page: http://www.mightytrees.com/science/foreststrat.html.
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