
Creek Connections Aquatic Macroinvertebrates Module – Macroinvertebrate Mayhem 

Macroinvertebrate Mayhem 

 
 

Grade Level:  basic 

 

Duration: 50 minutes 

 

Setting: Large open area 

 

Summary: Students participate in 

an active game illustrating the effects 

that environmental stresses have on 

aquatic organisms. 

 

Objectives: Students will recognize 

that not all organisms are equally 

tolerant to environmental stressors.  

Additionally, they will identify 

biodiversity as one indicator of 

stream health. 
 

Related Module Resources: 

 Pollution Tolerance Index 

(folder) 

 Macroinvertebrate Fact Sheets 

(folder) 

 Books/Field Sheets: about 

Macroinvertebrates   

 Reference Collection: bugs   

 

 

Vocabulary: macroinvertebrate, 

biodiversity, sensitive, facultative, 

tolerant 

 

Materials (Included in Module):  

ALL IN ONE SWEATER BOX: 

 Aquatic organism and 

environmental stressor labels  

 Binder clips to attach cards to 

shirts 

 Burlap bags (3)  

 Whistle  

 Paper plates  

 Cones to mark playing field  

        

 

Additional Materials (NOT 

Included in Module):  
 None 

 

ACADEMIC STANDARDS (ENVIRONMENT AND ECOLOGY) 
7th Grade 
4.6.7.C  Explain how ecosystems change over time. 

4.7.7.B  Explain how species of living organisms adapt to their environment.   

- Compare and contrast animals and plants that have very specific 
survival requirements with those that have more general 

requirements for survival 

- Explain how living things respond to changes in their 
environment 

- Explain how one species may survive an environmental change 

while another may not 
 

10th Grade 

4.3.10.C  Explain biological diversity as an indicator of a healthy environment. 

- Explain species diversity 

4.7.10.A  Explain the significance of diversity in ecosystems. 

 
12th Grade 

4.6.10.C  Analyze how human action and natural changes affect the balance within 

an ecosystem. 

 

 

BACKGROUND:   

Macroinvertebrates are organisms without internal 

skeletons that can be seen with the unaided eye (often 

considered larger than 0.5mm).   Reference to the term 

“aquatic macroinvertebrates” can include arthropods 

(insects in all life cycle stages, nymph, larva, pupa, or 

adult or crustaceans or arachnids), mollusks, and 

worms.  Examples of aquatic macroinvertebrates 

include mayfly nymphs, stonefly nymphs, dragonfly 

larvae, midge larvae, crayfish, leeches, aquatic worms, 

and water beetles.     Some of these creatures are called 

benthic (bottom-dwelling) macroinvertebrates, which 

means they live in, move along, or attach themselves to 

the waterway bottom or substrate.    Not all aquatic 

macroinvertebrates remain on the bottom though – 

some swim through the water or live on the surface. 

 

Aquatic macroinvertebrate sampling is one technique 

used to determine the health of a stream.  Because 

different macroinvertebrates have different levels of 

tolerance to pollution, the amount of stress a stream is 

under can be measured by the organisms that live in 

that stream.  Environmental degradation decreases the 

number of different types of organisms in a community 

by eliminating sensitive creatures while increasing the 

number of tolerant ones.  This decreases the 
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biodiversity (number of different forms of life) of the stream. 

 

Indicator organisms are creatures that are sensitive to changes in water quality and will 

react to changes in their environment in predictable ways.  Aquatic macroinvertebrates 

are one group of such organisms.  Because different aquatic macroinvertebrates have 

different levels of tolerance to pollution, the amount of stress a stream is under can be 

measured by the organisms that live in that stream.   

 

The three major pollution tolerance categories of aquatic macroinvertebrates are 

sensitive, facultative and tolerant.  The presence of sensitive organisms generally 

indicates good water quality because these macroinvertebrates cannot survive under 

polluted conditions.  Facultative creatures are normally a sign of moderate water quality.  

These macroinvertebrates can exist under a wider range of water quality 

conditions than sensitive organisms can. Macroinvertebrates that can live in polluted 

waters are called tolerant.  In large numbers, they point to poor water quality conditions.

 

Environmental stress can come in a variety of forms.  Acid rain can decrease the pH of 

the water to a range that some organisms cannot function at.  Erosion loads sediment into 

a stream, creating murky water and ruining macroinvertebrate habitat.  Likewise, urban 

areas produce runoff that can contain toxic chemicals and sediment.  Agricultural areas 

may add fertilizer runoff into the stream, causing increased algal and bacterial growth.   

We should attempt to find ways that reduce the amount of stress that we place on our 

waterways, thus reducing the harmful impact we make on aquatic organisms.  

 

OVERVIEW:  Students play an active game to illustrate the effects of environmental 

stressors on different types of macroinvertebrates.   

 

PROCEDURE:  

1. Using cones, designate where the playing field boundaries are (an area of 100 ft. by 

50 ft. is probably good).  Indicate which end of the field is the start zone and which is 

the end zone.  These two zones should be on the sides furthest away from each other. 

 

2. Choose a student volunteer to be the environmental stressor. It may be necessary to 

have more than one environmental stressor if the class or playing area is large.  

Discuss with students what environmental stressor means.  They may associate this 

term with pollution (but factors like overpopulation or habitat destructions are 

stressors too).  You may want to show the students the different environmental 

stressor labels (yellow) for this game [acid rain, streambank erosion, agricultural, 

failing wastewater treatment process].   Can students think of other environmental 

stressors to a waterway?    

 

3. Discuss with the students how the various environmental stresses would affect the 

organisms living in a stream.   
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4. Divide the remaining students into seven groups.  Each group will be a different 

aquatic macroinvertebrates.  On the ground, place a variety of labels for the aquatic 

insects for the exact number of students in the class.   Have students pick up the labels 

and put them around their necks.    DO NOT tell students about how each of these 

insects will be acting differently in the game (as discussed below) until after they 

have selected their labels.  

 

5.  Optional: You may want to record the original number of different types of 

organisms (individuals or tolerant, facultative, sensitive) on the enclosed data sheet. 

 

6. Discuss with the students the hindrances that some of the macroinvertebrates have in 

association with their tolerance level, body characteristics, or behavioral 

characteristics (listed in the following table).  These are real behaviors for these 

insects.  Students with enough background may be able to guess the reason the 

hindrance was chosen for each organism instead of simply being told.  Ensure that 

each student remembers their hindrance by having them practice their motions. 

 

ORGANISM    LABEL COLOR   TOLERANCE        HINDERANCE                             REASON 
                             

Leech                        white                        tolerant                           none                               

(Hirudinea) 

Midge larva              white                        tolerant                            none 

(Chironomidae) 

Dragonfly nymph     purple                     facultative            run with rear in air              water propelled through rear   

(Anisoptera)                                                                                                                (rectal chamber) helps them move 

 

Scud                         purple                    facultative        run sideways / side stepping           scuds swim on their sides 

(Amphipoda) 

Mayfly nymph          blue                        sensitive           run with 2-3 paper plates           have plate-like gills on their 

(Ephemeroptera)                                                                        between legs                    abdomen (rear body section) 

 

Stonefly nymph        blue                        sensitive            every 5 or 10 steps, drop       when oxygen is low, stoneflies  

(Plecoptera)                                                                            and do 2 push-ups             move their body up & down to        

                                                                                                                                            increase water flow under  

                                                                                                                                         their body and over their gills 
                                                                                                                                  (they really do look like they are doing push ups) 

  

Caddisfly larva          blue                       sensitive             move with both feet              some caddisflies build cases  

(Trichoptera)                                                                         in burlap bag                   that they live in for protection 

 
*Note: The more sensitive creatures have been assigned hinderances that will slow them, making them 

more susceptible to being caught by pollution stressors.    So in the game, the environmental stressor will 

most likely be affecting (catching) the sensitive creatures more, just like in a real stream.  

 

 

7. Gather all of the macroinvertebrates at one end of the playing area while the 

environmental stressor(s) take their places at the middle of the field.  When the 

whistle is blown or bell is rung, the macroinvertebrates will move/run to the other end 

of the field.  The stressor(s) will tag as many of the organisms as possible. Each round 
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ends when there are no more macroinvertebrates on the field, because all have been 

tagged or have reached the other end of the playing area. 

 

8. Survivors are simply those macroinvertebrates that reach the opposite end of the field 

without being tagged.   They keep the same organism label for next round. 

 

9. Macroinvertebrates that have been tagged will need to go to the sideline and switch 

their organism label.  Sensitive organisms (blue labels) must flip their label over to 

reveal a facultative organism (purple label).  Facultative organisms (purple label) 

must rid their label and put on a tolerant organism (white label).  Tagged tolerant 

organisms keep their label (white).  These new label assignments will be used in the 

next round.   You may want to record this new data.    With new labels, all students 

return to the game for next round.  

 

10. Play two more rounds, allowing those tagged to rejoin the game after each round, but 

only after they have changed their label to a more tolerant creature.  Continue to 

record data before each round. 

 

11. Additional games can be played by selecting new students to be environmental 

stressors and having students change their original insect labels.  You may want to 

modify the numbers of organisms and stressors in the game.  For example, have all 

macroinvertebrate students be pollution sensitive (blue labels) and watch how soon 

everyone is wiped out.  Or have all students be tolerant creatures (white labels) and 

show how there were fewer that were tagged by the stressors in this game scenario 

(pollution having not as profound an impact on tolerant organisms).   You could also 

use a few environmental stressors to illustrate how the combined affects of 

environmental stress can accelerate the negative affect on organisms living in a 

stream.    

 

DISCUSSION:   

Discuss with students about the changes that occurred in the macroinvertebrate 

populations throughout the game.  Stress the difference in the numbers of individuals in 

each pollution tolerance category.  What was the stream like at the end of the game as 

compared to the beginning?  There should have been a lot more tolerant (white labeled) 

organisms – the pollution sensitive creatures died out. 

 

What happened to the biodiversity in the stream as the game progressed?  The game 

started with good biodiversity and grew poorer as the game continued.    

 

Which creatures are most likely going to be affected by stress (pollution)?   Pollution 

sensitive- blue labels.   Discuss how their numbers changed throughout the game. 

 

Which creatures were least affected by pollution stressors? Pollution tolerant – white 

labels.   
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Activity Version: January 2002 

Ask students if they think this game realistically simulates what happens in a real stream.  

Do they think that environmental stressors would cause a disruption in the kinds and 

numbers of aquatic life in a stream?   Yes, in fact as discussed in the background section, 

scientists can try to determine how healthy a stream is based on the aquatic life they find.   

Healthy streams, ones that have proper chemical, physical, and habitat conditions, tend 

to contain much better biodiversity than streams in poor health. 

 

 

EVALUATION: 

 Have students explain that numbers and variety of organisms can help indicate stream 

quality.     Define biodiversity and explain if it is associated with healthy or unhealthy 

waterways.  

 Describe macroinvertebrate organisms that they may find in their creek and identify 

the stream conditions necessary for their existence.   

 Explain how aquatic macroinvertebrates might react to environmental stress/ 

pollution. 

 Interpret stream quality based on the diversity and types of organisms found there. 

 Correctly graph the data from the results of the activity. 

 

 

EXTENSIONS AND MODIFICATIONS: 

 Use the chart on the next page to have the students record the number of each type of 

macroinvertebrate present at the beginning of the game and after each round.  Use 

this data in your discussion.   You may want to have students make graphs to show 

the results of the game.  

 Have students research other insects in the sensitive, facultative, and tolerant groups 

and find out what their hindrances might be if they were included in the game.   

 Go out and sample some real macroinvertebrates.  Use the Pollution Tolerance Index 

to determine the water quality of your site. 

 

 

NOTES (TEACHERS, PLEASE WRITE ANY SUGGESTIONS YOU HAVE FOR 

TEACHERS USING THIS ACTIVITY IN THE FUTURE): 
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Student Name ___________________________________         Date _______________ 

 

 

By Organism 
ORGANISM TOLERANCE 

LEVEL 

Number of Organisms (at start and after each round) 

START ROUND 1 ROUND 2 ROUND 3 

Caddisfly larva Sensitive     

Mayfly nymph Sensitive     

Stonefly nymph Sensitive     

Dragonfly nymph Facultative     

Scud Facultative     

Midge larva Tolerant     

Leech Tolerant     

DIVERSITY* (total 

number of different 

organisms represented) 

     

* To calculate diversity, subtract the number of zeros in the column from 7 (the total 

number of different organisms). 

 

 

 

 

By Pollution Tolerance Level 
TOLERANCE 

LEVEL 

Number of Organisms (at the start and after each round) 

START ROUND 1 ROUND 2 ROUND 3  

Sensitive (blue)     

Facultative (purple)     

Tolerant (white)     

RELATIVE 

DIVERSITY* (total 

number of different 

tolerance categories 

represented) 

    

*To calculate diversity, subtract the number of zeros in the column from 3 (the total 

number of different tolerance categories). 

 

Notes: 

 

 

DATA SHEET:   MACROINVERTEBRATE MAYHEM 


