Original lesson plan (Yellowstone version):

   1. Prepare small plastic bags (one for every two students) filled with a variety of M&Ms, Cheerios, noodles, and beans. There should be at least 30 pieces in each bag. All but one of the bags should be composed of each of the four groups, though care should be taken to insure that the bags do not contain a majority of beans or noodles. One bag, however, should contain very few M&Ms, few Cheerios, and be composed of a majority of noodles and beans.

   2. Tell students that the health of a stream is often measured using macroinvertebrates as bio-indicators and give an explanation of the Hilsenhoff Biotic Index as provided in the Background section.

   3. Tell students that pollution has been detected in a small stream near their home and samples have been taken from a number of different sites. Their job is to locate the most polluted site based upon the “macroinvertebrates” collected from the different sample sites.

   4. Divide the students into groups of two and distribute a copy of Attachment A and one bag to every group. Tell students that each bag represents a different sample site and the M&Ms, Cheerios, noodles, and beans represent different macroinvertebrates found in the sites.

   5. Write on a blackboard that for the purposes of this exercise, the M&Ms represent species that are very sensitive to pollution and have a tolerance value of 1. Cheerios represent species semi-sensitive to pollution and have a tolerance value of 4. Macaroni noodles represent species semi-tolerant of pollution and have a tolerance value of 6. Beans represent species that are tolerant of pollution and have a tolerance value of 9.

   6. Direct the students to empty their bags and divide their contents into four different groups: Group 1: Sensitive to pollution, Group 2: Semi-sensitive to pollution, Group 3: Semi-tolerant of pollution, Group 4: Tolerant of pollution. Write the numbers in each group on Attachment A.

   7. Direct the students to multiply the number of items in each group by their respective tolerance values, then add the four products together. Students should record this information on Attachment A.

   8. Instruct students to calculate the biotic index of their sample by dividing the sum of the products in Step 6 by the total number of “macroinvertebrates” in their sample. This number should be recorded on Attachment A.

   9. Ask students to compare the biotic index of their sample with the chart on Attachment A and identify the water quality of their sample site.

  10. Direct each group to share the biotic index and water quality of their sample site with the rest of the class.

  11. Ask students to record on their worksheets which group has the sample from the most polluted site based on information provided from all the groups.

*Modified Lab with transparency macroinvertebrates
(mayfly, stonefly, caddisfly, midges, beetles, snipefly, leeches, waterpenny, clams, snails, dragonflies, and crayfish):

   1. Prepare small plastic bags (one for every three students) filled with a variety of mayfly, stonefly, caddisfly, midges, beetles, snipefly, leeches, waterpenny, clams, snails, dragonflies, and crayfish (photocopied on transparencies and cutout). There should be at least 30 pieces in each bag. All but one of the bags should be composed of each of the four groups, though care should be taken to insure that the bags do not contain a majority of crayfish, leeches, or snails.. One bag, however, should contain very few caddisflies, stoneflies, mayflies, snipeflies, and be composed of a majority of crayfish, leeches, or snails.

   2. Tell students that the health of a stream is often measured using macroinvertebrates as bio-indicators and give an explanation of the Hilsenhoff Biotic Index as provided in the Background section.

   3. Tell students that pollution has been detected in a small stream near their home and samples have been taken from a number of different sites. Their job is to locate the most polluted site based upon the “macroinvertebrates” collected from the different sample sites.

   4. Divide the students into groups of three and distribute a copy of Attachment A and one bag to every group. Tell students that each bag represents a different sample site and the transparency cutouts represent different macroinvertebrates found in the sites.

   5. Write on a blackboard that for the purposes of this exercise: the stoneflies represent species that are very sensitive to pollution and have a tolerance value of 1 (mayfly = 2, caddisfly (case) = 3, snipefly = 2). Beetles, waterpennies, and free caddisflies represent species semi-sensitive to pollution and have a tolerance value of 4 (dragonflies = 5). Midges and crayfish noodles represent species semi-tolerant of pollution and have a tolerance value of 6 (clams and snails = 7). Leeches represent species that are tolerant of pollution and have a tolerance value of 10.

   6. Direct the students to empty their bags and divide their contents into four different groups: Group 1: Sensitive to pollution, Group 2: Semi-sensitive to pollution, Group 3: Semi-tolerant of pollution, Group 4: Tolerant of pollution. Write the numbers in each group on Attachment A.

   7. Direct the students to multiply the number of items in each group by their respective tolerance values, then add the four products together. Students should record this information on Attachment A.

   8. Instruct students to calculate the biotic index of their sample by dividing the sum of the products in Step 6 by the total number of “macroinvertebrates” in their sample. This number should be recorded on Attachment A.

   9. Ask students to compare the biotic index of their sample with the chart on Attachment A and identify the water quality of their sample site.

  10. Direct each group to share the biotic index and water quality of their sample site with the rest of the class.

  11. Ask students to record on their worksheets which group has the sample from the most polluted site based on information provided from all the groups.
