
Creek Connections Riparian Buffers Module – Eco-Tones 

Eco-Tones 

 

Grade Level:  
Part A:  Basic to Advanced 

Part B:  Intermediate to Advanced 
 

Duration:  
Part A:  30 - 40 minutes 

Part B:  45 minutes – 1 hour 

 

Setting:  
Part A:  Classroom 

Part B:  Riparian Ecotone/Upland  

               Forest  

 

Summary:    
In Part A, students observe a 

demonstration of what ecotones are and 

their implications for biodiversity. 

 

In Part B, students investigate differences 

in tree diversity between a riparian 

ecotone and an upland forest. 

 

Objectives:  Students will understand 

the concept of an ecotone and be able to 

describe why biodiversity is generally 

higher in ecotone habitats than in 

adjacent habitats. In Part B, students will 

be able to use the Shannon-Wiener 

Diversity Index to quantify habitat 

differences in species diversity. 

 

Vocabulary:  riparian area, buffer, 

ecotone, flora, fauna, biodiversity, 

microhabitats, corridors, distinct and 

gradual ecotones, edge effects, Shannon-

Weiner Diversity Index, transects 
 

Related Module Resources: 

 “Riparian Buffer Basics” Fact 

Sheet 
 

Materials (Included in Module):  
 File to Project of Figures 1, 2, 3, and 

4. 

 Yellow and blue translucent discs, 

with and without shapes 

 12 50-ft. (15.2 m) pieces of string 

 50 flags 

 

Additional Materials (NOT 

Included in Module):  
 scotch tape, newsprint or white 

poster board for background, 

scientific calculators with natural log 

function keys, clipboards, overhead 

projector 

ACADEMIC STANDARDS:  
(ECOLOGY & ENVIRONMENT) 
7th Grade 

4.7.7.A. Describe diversity of plants and animals in ecosystems. 

-        Select an ecosystem and describe different plants and animals that live there. 
 

10th Grade 

4.1.10.C. Describe the physical characteristics of a stream and determine the types 
of organisms found in aquatic environments. 

-        Describe and explain the physical factors that affect a stream and the 

         organisms living there. 
 

12th Grade 

4.1.12.B. Explain the relationships that exist within watersheds in the United 

States. 

- Understand that various ecosystems may be contained in a watershed.  

- Examine and describe the ecosystems contained within a specific watershed. 
4.1.12.D. Analyze the complex and diverse ecosystems of wetlands. 

- Explain the dynamics of a wetland ecosystem. 
*NOTE:  Riparian areas frequently contain wetlands or are considered to be wetlands. 

 

(SCIENCE & TECHNOLOGY) 
7th Grade 
3.2.7.C Identify and use the elements of scientific inquiry to solve problems. 

-        Design an investigation with limited variables to investigate a question. 

- Judge the significance of experimental information in answering the 
         question. 

- Communicate appropriate conclusions from the experiment. 

 
10th Grade 

3.2.10.C Apply the elements of scientific inquiry to solve problems. 

- Design an investigation with adequate control and limited variables to 
         investigate a question. 

-       Conduct a multiple step experiment. 

-       Organize experimental information using a variety of analytic methods. 
-       Judge the significance of experimental information in answering the question. 

-       Suggest additional steps that might be done experimentally. 

 
12th Grade 

3.2.12.C Apply the elements of scientific inquiry to solve multi-step problems. 

- Design an investigation with adequate control and limited variables to  
         investigate a question. 

- Organize experimental information using analytic and descriptive techniques. 

- Evaluate the significance of experimental information in answering the  
         question. 

-        Project additional questions from a research study that could be studied. 

BACKGROUND: 

Riparian areas are the areas adjacent to waterways.  

Regardless of their composition, be it meadow, forest, 

shrubs, or a combination thereof, riparian zones are 

transition areas between aquatic and terrestrial habitats.  

Such transition areas are referred to as ecotones by 

ecologists.  Ecologist Robert E. Ricklef’s definition of 

an ecotone is “a habitat created by the juxtaposition 

[overlap] of distinctly different habitats; a zone of 

transition between habitat types.” In other words, 

Riparian areas are ecotones  

Adapted from: “The Edge of Home” in Project WILD Aquatic Council for Environmental Education, 1992 AND “Field 

Lab: Measuring Species Diversity” by Jim Palmer, Ph.D., Creek Connections, Allegheny College 
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ecotones are transitional habitats between two distinct habitats. Examples of ecotones 

include forest-meadow, marine-coastal, and lake-forest transition zones (Figures 1 and 2).   

 
FIGURE 1.  Marshland forms the transition zone or “ecotone” between lake and forest habitats.   
Source: “The Edge of Home.” Project WILD Aquatic. Gaithersburg, MD: Council for Environmental Education, 1992.   

 

 

  
FIGURE 2.  Ecosystems are not isolated from one another.  One ecosystem blends into the next 

through a transitional region, an ecotone, that contains many species common to the two adjacent 

systems. 
Source:  Nebel, Bernard J. and Richard T. Wright. Environmental Science: 

The Way the World Works.  Upper Saddle River, NJ: Prentice Hall, 1996. 
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Although ecotones share some characteristics and species with the habitats on either side 

of them, ecotones also have their own distinct characteristics and species.  Indeed, 

conditions in ecotones are unique and can be much different from the adjacent habitats.  

As a result, we often find unique flora (plant life) and fauna (animal life) in ecotones.  In 

general, ecotones have higher biodiversity (different forms of life) and abundance of 

living things than adjacent habitats.  According to ecologist J.E. Cox, “As ecotones 

between streams and upland areas, riparian forests tend to have representative species 

typical both of swamp forest and upland forest, with the overall result that they contain 

more species than either the isolated forest wetland or upland forest.”   

 

Riparian ecotones typically contain numerous microhabitats.  Microhabitats are smaller 

habitats within larger habitats, e.g., under a fallen log in a forest habitat.  The richness of 

microhabitats is a major factor related to the high biodiversity in riparian ecotones.  

Riparian ecotones that are not biologically diverse often indicate poor stream or upland 

conditions. For example, a riparian area that has been disrupted by agriculture has less 

biodiversity than an intact riparian area.  The soil in the fields and the water quality of the 

stream are probably poorer next to the disrupted riparian area than they would be if the 

riparian buffer were intact.  Healthy riparian ecotones also provide extremely important 

habitat and corridors for wildlife and migratory birds.  Corridors connect fragmented 

habitats and facilitate the movement of wildlife between those fragments. 

 

The differences in biological diversity among habitats can be observed informally and 

qualitatively by looking around different habitats, for example, riparian ecotones and 

upland forests. Diversity can also be examined quantitatively.  One tool for quantitatively 

evaluating species diversity is the Shannon-Wiener Diversity Index. This index can be 

used to evaluate the diversity of any community—plants, animals, rocks, etc.  The 

Shannon-Wiener Diversity Index takes into account both the number of different species 

and the number of individuals of each type of species in a given area.  That is, it looks at 

both species richness and evenness.  The formula used to calculate the Shannon-Wiener 

index is: 

 

 
     where pi = the proportion of the total number of 

individuals belonging to species i.  That is,  

 

number of individuals of species i 

 pi =        
___________________________________________________ 

         the total number of individuals recorded 
      

ln = natural log 

 

The greater the value of H′ , the greater the species diversity. 

 

In addition to the biological differences between ecotones and adjacent habitats, the 

physical characteristics of ecotones, such as soil moisture and shade, are also distinct 

from those of the adjacent habitats.  For example, riparian soils are typically moister and 

more porous (sponge-like) than upland soils.  Stream edges in riparian ecotones are also 

more shaded than the non-transitional, central areas of the stream.   

H′ (pi)(ln pi) 
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As transition areas between habitats, ecotones can be gradual or distinct.  Distinct 

ecotones occur when the physical characteristics of the habitat change abruptly. Riparian 

zones are an example of a distinct ecotone.  Abrupt changes in the physical environment 

are most striking at the waterway-riparian zone edge.  The running water of the stream 

gives way to emergent vegetation and the shore.  The riparian zone-upland edge of a 

riparian ecotone may or may not be as distinct as the waterway-riparian zone edge.  The 

distinctness depends on the land use adjacent to the riparian zone (undisturbed, 

agriculture, industry, housing development, etc.) and the species composition of the 

riparian zone itself (forest buffer, meadow, shrubs, mowed lawn, etc.) (Figure 3). 
 

 FIGURE 3.    The gradual and distinct ecotone edges of a riparian transition zone between a stream  

       and a deciduous-coniferous forest.   
Adapted from Godwin, Derek.  Life on the Edge: Improving Riparian Function. Oregon State University, Corvallis, 

OR: 1999 and Nebel, Bernard J. and Richard T. Wright. Environmental Science: The Way the World Works.  Upper 

Saddle River, NJ: Prentice Hall, 1996. 
 

Edges between habitats often exhibit edge effects such as changes in species or physical 

conditions.  While certain flora and/or fauna thrive in these edge areas, others are not as 

successful.  For example, many species of salamander are better adapted to a stream-

riparian zone edge habitat or ecotone, than to a purely stream or purely terrestrial habitat. 

On the contrary, fish are better adapted to stream conditions and would suffer or perish in 

the stream-riparian zone ecotone habitat.   
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Ecotone habitat is an extremely important consideration when planning riparian buffer 

restoration efforts.  The Three-Zone Model (Figure 4) of riparian buffers developed by 

restoration ecologists reflects this important function of riparian zones.  According to this 

model, the streamside and middle zones provide habitat.  And depending on land use, the 

outer zone can also provide wildlife habitat.   

 

 

 
FIGURE 4.  The Three-Zone Buffer System 
Source: Connecticut River Joint Commissions Website.  http://crjc.org/riparianbuffers.htm 
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OVERVIEW:  
Students observe a demonstration of how ecotones are transition areas of high 

biodiversity between habitats.  They then visit a riparian zone and investigate species 

abundance and diversity in the ecotone area as compared to the interior of the upland 

habitat.   

PROCEDURE:  

Note:  Although Part A and Part B are related, these can be done independently.    

Part B is considerably more involved and is best done with more advanced students. 

 

Teacher Preparation: 

Part A. Illustrating the Concept of Ecotones 

Tape a large white piece of newsprint or poster board on the chalkboard and tape the 

translucent yellow and blue discs far apart on the white background paper.   

 

Part B. Comparing Ecotone and Upland Tree Diversity 

1. Identify a field site with a forest riparian buffer and upland forest or other ecotone area 

to use for the experiment. 

 

2.  Make copies of the Eco-Tones Data Sheet for your students. 

 

3.  Collect tape measures, plastic bags, and clipboards for the field trip. 

  

Student Experiment or Activity: 

Part A. Illustrating the Concept of Ecotones 
1. Explain to the students that the activity they are about to do explores the effects of 

overlap in the natural world.  Explain or review ‘overlap’ and its causes. 

 

2. Point out the plain yellow and blue translucent plastic discs and ask the students to 

predict what will happen at the edge if the yellow and blue discs are moved closer 

together and actually touch. 

 

3. Move the discs together and tape them down so that they touch without overlapping.  

There will be a slightly visible green color at the edge. 

 
 

4. Now ask students what will happen if the discs don’t just touch but actually overlap. 

 

5. Overlap the discs and tape them in the overlapped position.  The overlapped section 

will be a pronounced green color. 
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6. Explain to the students that each of the colored discs represents a different type of 

habitat and have them assign a habitat type to each disc, e.g., the yellow disc 

represents a forest habitat and the blue disc represents a stream habitat.   

 

7. Ask the students what they think the green overlapping area represents if the yellow 

and blue discs represent the two different habitats they have just assigned to the discs.  

It represents a transition area, or ecotone, between the two distinct habitats!  

 
 

8. Generate a discussion about the characteristics of ecotones such as those presented in 

the Background section. 

 

9. If the students have selected habitats other than forest and stream for the yellow and 

blue discs, have them imagine that the discs now represent a forest and stream.  Ask 

the students what the special name is for an ecotone between a forest and stream.  A 

riparian zone!  Ask students to brainstorm several of the beneficial functions of 

riparian buffers.  Refer to “Riparian Buffer Basics” Fact Sheet for additional 

information. 

 

10. Now do a similar demonstration with the blue and yellow discs that have shapes on 

them.  Start by taping these discs apart on the white background. 

 

11. Explain that the different shapes represent different species of flora and fauna. 

 

12. Have students predict what will happen if the two discs overlap to form an ecotone.  

There will be more species of flora and fauna in the green ecotone region  than in the 

yellow or blue habitats.  That is, we expect higher biodiversity in the ecotone than in 

the non-transitional areas.   

 

13. Have students brainstorm the types of flora and fauna they might find in an ecotone 

between the two habitats they have selected for the blue and yellow discs.  Would 

they expect to find these species in the yellow and/or blue habitats?  If the discs 

represent a forest and stream, what types of flora and fauna might they find in the 

riparian ecotone?  For example, willow trees, dogwoods, amphibians, sycamores, etc. 
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Part B. Comparing Ecotone and Upland Tree Diversity 

1. Generate a discussion about the characteristics of ecotones such as those presented in 

the Background section.  Focus on the concept that ecotones generally have higher 

biodiversity than adjacent habitats.  
  

2. Explain that species diversity is something we can observe informally and 

qualitatively and quantitatively.   

3. Introduce students to the Shannon-Wiener Diversity Index and explain that this index 

takes into account both the number of different species and the number of individuals 

of each type of species in a given area.  That is, it looks at both species richness and 

evenness.  Introduce students to the formula used to calculate the Shannon-Wiener 

index: 

 

 
     where pi = the proportion of the total number of 

individuals belonging to species i.  That is,  

 

number of individuals of species i 

 pi =        
___________________________________________________ 

         the total number of individuals recorded 
      

ln = natural log 

 

           Explain that the greater the value of H′, the greater the species diversity. 

 

4.  Have students practice using the Shannon-Weiner Diversity Index using the example  

below.   

 

A community contains two species (a and b), and there are 9  

individuals of species a and 1 individual of species b.  What is the Shannon-

Weiner Diversity Index for this community?  

pa = 9/10 = 0.9 ln pa = ln 0.9 =  -0.1054 pa (ln pa) = 0.9 (-0.1054) = -0.948 

pb = 1/10 = 0.1 ln pb = ln 0.1 = -2.3026 pb (ln pb) = 0.1 (-2.3026) = -0.2303 

 (pi)(ln pi) = -1.1783 

 (pi)(ln pi) = 1.1783 
 

5.   Go to a riparian ecotone between a waterway and an upland forest.  If there is no such 

riparian ecotone available, select another ecotone habitat for this activity. 

 

6.   Divide students into groups of four.  Give one Eco-Tones Data Sheet, one clipboard, 

four large plastic bags, 2 plastic flags, and one 51-foot (15.5 meter) roll of string to 

each group.   

 

7.   Explain that each group will be assigned to evaluate the tree diversity of the riparian 

ecotone or the upland forest.  They will evaluate the diversity of these areas using 

transects.  Briefly explain the concept of transects.   

 

H′ (pi)(ln pi) 
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8.   Based on what the students have learned about the relative biodiversity in ecotones 

versus adjacent habitats, have students formulate a hypothesis and fill in the 

hypothesis section on their Eco-Tones Data Sheet.  Hypothesis:  There is greater 

species diversity in the Riparian Ecotone transects because biodiversity is generally 

higher in ecotones than in adjacent habitats. 

 

9.   Assign each group to either the riparian ecotone or the upland forest.  Have them 

circle the corresponding “Transect Location” on their Data Sheets. 

 

10. Have the groups go to their assigned transect location and stick one of the flags in the 

ground.  Then, have them tie one end of their string to the flag.  Have them unroll the 

string until it is completely extended and somewhat taut.  Have them insert the other 

flag into the ground near the other end of the string and tie the string to it.  This will 

give them approximately 50 foot (15.2 meter) transects.  As pictured below, there 

should be a flag at each end of the transect and a string tied between the two flags to 

delineate the transect. 

 

11. Instruct the groups to position one group member (W, X, Y, and Z in the figure 

below) on either side of both ends of the string transect.  The group members on the 

same side of the string should walk toward each other, collecting one leaf (a whole 

leaf, not just a leaflet from compound leaves—teachers may need to explain this 

concept) from every tree or shrub (i.e. vegetation taller than waist high) whose trunk 

is within one arm’s length or less of the string.  For leaves that are too high to reach, 

students should locate a tree of the same species elsewhere near their transect and 

collect a leaf from it to replace the one they couldn’t reach.    

 

 
 

9. Once students have collected sample leaves from all trees and shrubs within one 

arm’s length or less of both sides of their 50 foot (15.2 meter) transect, have them 

combine and sort their leaves into piles of the same type of leaf.  It is not necessary 

for them to identify the tree species, they simply need to be able to distinguish one 

leaf type from the next.  Have them assign a number to each leaf type. 

 

10. After all the groups’ leaves have been sorted, have them sketch a mini drawing of 

each leaf type on their Eco-Tones Data Sheets in the “mini leaf drawing” column.   

 



Creek Connections Riparian Buffers Module – Eco-Tones 

11. Then have them count the number of leaves of each type and enter these data on their 

Eco-Tones Data Sheets in the “# of leaves of each type” column.   

 

12. Next, have each group add up the numbers in the “# of leaves of each type” column 

to calculate the “grand total number of leaves collected.”  Have them enter this 

number at the bottom of their data sheets on the designated line. 

13. The next step in calculating species diversity is to determine pi, the proportion of the 

grand total number of leaves collected represented by each leaf type.  This is done by 

dividing the number of leaves of a particular type collected by the grand total number 

of leaves collected.  Enter these data in the “proportion of grand total (pi)” column. 

 

 

  

 

 

14. After calculating pi for each leaf type, determine the natural log (ln) of pi using a 

scientific calculator.  Enter these numbers in the “ln (pi)” column. 

 

15. At this point, the species diversity calculation is almost complete.  The next step is to 

multiply (pi) times (ln pi) and record these numbers in the “pi(ln pi)” column.   

 

16. Finally, have students add all the numbers in the “pi(ln pi)” column together and take 

the negative value of this number to determine H′, the Shannon-Wiener Diversity 

Index.    Have each group record H′ for their transect on the “Diversity Index A” line 

in the “Comparing Diversity Indices” section of their data sheets.  Have them circle 

“Riparian Ecotone,” “Upland Forest,” or “Other: __________________,” depending 

on where their transect was located.  If they select “Other,” have them specify the 

exact location of their transect on the line.   

 

17. Once all groups have calculated their H′ values, have all the “Riparian Ecotone” 

transect groups share their H′ values with the rest of the class, followed by all 

“Upland Forest” transect groups, followed by all “Other” groups.  Members of all 

groups, regardless of their transect location, should listen to these H′ values and 

record them beneath their H′ value in the “Comparing Diversity Indices” section of 

their Data Sheets.  They should also circle the corresponding transect location.   

 

18. As a class, calculate the average H′ value for Riparian Ecotone transects, the average 

H′ value for Upland Forest transects, and the average H′ values for similar “Other” 

transects.  Record the values on the “Average Riparian Ecotone H′ value,” “Average 

Upland Forest H′ value,” and “Average Other ____________________ H′ value” 

lines on the Data Sheets, respectively. 

 

DISCUSSION:  

Part A.  Discussion questions are included as part of the Student Activity Procedure. 

 

 Number of leaves of each type 

     pi = 
_______________________________________________

  

 Grand total number of leaves collected 
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Part B.  Answers to all of the questions below will be based on the data collected by your 

students.   
 

What were your general observations of the tree diversity in your transects? 

 

Do the Riparian Ecotone and Upland Forest (and/or “Other,” if applicable) habitats have 

different tree species diversities?   If so, which habitat has higher tree diversity? 

 

Was your hypothesis supported or rejected?  If the hypothesis was rejected, propose 

another hypothesis and an experimental design to test that hypothesis. 

 

How might you change the experimental design used in this experiment to better evaluate 

the original hypothesis? 

 

EVALUATION: 

 Define “ecotone.” 

 Illustrate the concept of an ecotone using the overlapping circles model. 

 List three examples of ecotones. 

 Compare the biodiversity of ecotones to the biodiversity of the habitats it joins. 

 What is the name of the specific ecotone between waterways and the uplands? 

 What major factors make ecotones distinct versus gradual? 

 List three organisms that are common in stream habitats, forest habitats, and the 

riparian ecotone between them.   

 Discussion questions above. 

 

 

EXTENSIONS AND MODIFICATIONS: 

 Conduct one or more of the experiments to test the additional hypotheses in Part B. 

 Conduct an experiment similar to Part B but investigate the diversity of another 

organism (e.g., all organisms, plants, macroinvertebrates, evidence of wildlife, etc.). 

 Investigate species diversity in other ecotones (e.g., forest-meadow, marine-coastal, 

etc.) and compare the diversity indexes to each other and those determined in Part B.   

 Investigate edge effects on school grounds by comparing insect diversity at grass-

paved surface edges or other edges to the diversity of interior grass habitat.    

 

 

NOTES (PLEASE WRITE ANY SUGGESTIONS YOU HAVE FOR TEACHERS USING 

THIS ACTIVITY IN THE FUTURE):
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Names____________________________________________________ Date__________ 

 

Hypothesis:  There will be greater tree species diversity in the _____________________  
             riparian ecotone/upland forest/other 

because ________________________________________________________________ 

 

 

Transect Location:  Riparian Ecotone      Upland Forest       Other: _______________ 
  (circle one)         (specify) 

 

 

Leaf  

Type 

ID # 

Mini Leaf Drawing                              # of leaves  

of each type 

        Number of leaves of each type 

pi =  ___________________________________________________  

         Grand total number of leaves collected 

ln pi  pi (ln pi) 

 

1 

 

 

     

 

 

 

2 

 

 

     

 

3 

 

 

     

 

4 

 

 

     

 

5 

 

 

     

 

6 

 

 

     

 

7 

 

 

     

 

8 

 

 

     

 

9 

 

 

     

 

10 

 

 

     

 

11 

 

 

     

DATA SHEET: ECO-TONES 
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Leaf  

Type 

ID # 

Mini Leaf Drawing                              # of leaves  

of each type 

        Number of leaves of each type 

pi =  ___________________________________________________  

         Grand total number of leaves collected 

ln pi  pi (ln pi) 

 

12 

 

 

     

 

13 

 

 

     

 

14 

 

 

     

 

15 

 

 

     

 

16 

 

 

     

 

17 

 

 

     

 

18 

 

 

     

 

19 

 

 

     

 

20 

 

 

     

 

21 

 

 

     

 

22 

 

 

     

 

23 

 

 

     

 

24 

 

 

     

 

GRAND TOTAL NUMBER OF  

ALL LEAVES COLLECTED 

 

 SUM OF ALL  pi (ln pi) VALUES 

= - H′ 
 

NEGATIVE SUM OF ALL pi (ln pi) VALUES 

= H′ 
 

 



Creek Connections Riparian Buffers Module – Eco-Tones 

COMPARING DIVERSITY INDICES 

 
Shannon-Wiener Diversity Index (H′) Transect Location (circle one) 

 

Diversity Index A= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index B= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index C= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index D= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index E= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index F= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index G= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index H= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index  I= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index J = _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index K= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

Diversity Index  L= _________  Riparian Ecotone      Upland Forest       Other: ____________ 

 

 

Average Riparian Ecotone H′ value = ____________ 

 

Average Upland Forest H′ value = ____________ 

 

Average Other ____________________ H′ value = _____________ 

 

 Average Other ____________________ H′ value = _____________ 

 

Average Other ____________________ H′ value = _____________ 

 

 

Remember, the greater the Shannon Wiener Diversity Index H′ value, the greater the 

diversity of the habitat.   
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