
 

 

SC ADOPT-A-STREAM IN THE CLASSROOM  
High School Curriculum 

Macroinvertebrates 
Underwater detectives 
___ 

Clemson University Center for Watershed Excellence 

 

 

 
 

 

 

 

 

 

LEARNING OBJECTIVES: Study the cause and effect relationships that exist in a 
stream ecosystem, gain an understanding of different methods to determine the 
health of a waterway. 

INTRODUCTION 
We know that maintaining healthy freshwater ecosystems is critical for the 

well-being of the aquatic and terrestrial communities they support. But how can 
scientists and community members check on stream ecosystems to determine their 
ability to sustain a life? One method that scientists use to monitor stream health is 
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called a bioassessment.  Using bioassessments, researchers can quickly and easily 
determine if a stream ecosystem is healthy or someone needs to take a closer look to 
figure out if there is a problem. Bioassessments involve the collecting, processing, and 
analyzing of aquatic organisms present in a stream ecosystem and are based on the idea 
that different organisms have different reactions and tolerances to pollution in their 
habitat.  

The organisms commonly used in bioassessments of streams are called 
macroinvertebrates. Macroinvertebrates are organisms large enough to be seen with 
the naked eye (macro), that do not have a backbone (invertebrate). Examples of 
macroinvertebrates include aquatic insects, the aquatic larval stages of some terrestrial 
insects, snails, clams, worms, and crayfish. Macroinvertebrates are abundant in most 
streams and live in different habitats (e.g., riffles, pools, eddies, runs).   

Macroinvertebrates are good indicators of water quality because: 

● Their communities are often more diverse than other aquatic organisms (e.g., 
fish). 

● They are relatively immobile and adapted to live in only specific habitats, so they 
can’t escape pollution, whether from a single event or long-term exposure. 

● They respond to both man-made and naturally occurring pollutants. 
● Their populations tend to rapidly respond to localized changes in water quality. 
● They are long-living and found in streams all year. 
● It is easy and inexpensive to collect and identify macroinvertebrates. 
● Their stress and pollution tolerance levels vary between species. 

Assessing the macroinvertebrate community of a stream provides an easy, 
effective, and low-cost way to evaluate stream health, especially when stream impacts 
are from nonpoint sources, random events such as natural disasters, or cumulative low-
level pollution. Nonpoint Source Pollution (NPS) is the most widespread source of 
pollution in stream ecosystems. NPS pollution is essentially any pollutant that is 
washed from land into a waterway via rainfall, snowmelt, or irrigation. The breadth and 
diversity of NPS pollution types and sources are reasons why researchers must rely on 
other indicators of pollutant presence to narrow down source and type of pollution 
affecting life in the stream. The most common NPS pollutants are sediments and 
nutrients; however, other examples include pesticides, fertilizers, pathogens, salts, oils, 
grease, toxic chemicals, trash, and heavy metals.  
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Point Source Pollution (PSP) are pollutants that originate from a specific 
location like a broken sewer pipe, wastewater discharge, or industrial waste disposal. 
Like NPS, PSP can impact stream health and the macroinvertebrate community. 

What does it mean to be ‘tolerant’? 

Tolerance levels refer to the organisms’ ability to survive different types of stress 
such as low dissolved oxygen (DO) levels, nutrient concentrations, turbidity or the 
presence of toxic chemicals. Macroinvertebrate species’ tolerances range from high 
(tolerant) to low (sensitive) with many groups that fall somewhere in between (somewhat 
sensitive). If a stream is severely polluted, the community of macroinvertebrates may 
simplify to contain only very tolerant species. In this case, the number of tolerant species 
might increase, even though the total number and diversity of species in the stream 
decreases due to the loss of sensitive species.  

Macroinvertebrate pollution tolerances 
Sensitive taxa 

In general, healthy streams have low to no turbidity, high oxygen levels, and low 
levels of pollutants and contain diverse communities of macroinvertebrates. The 
following is a brief description of the macroinvertebrate indicators of high water quality: 

Stonefly nymph- are found in cold, flowing water often with a gravel or stone bottom. 

Snipefly nymph (Diptera)-  inhabit the bottom substrates of streams. 

Mayfly nymph (Ephemeroptera) - highly abundant in cool, unpolluted, headwater 
streams. 

Caddisfly larvae (Trichoptera) - found in cool to warm streams, lakes, marshes, and 
ponds.  

Beetle larvae and adults (Coleoptera) - adults can live at the land-water interface where 
as larvae dwell in flowing or standing waters. The two major groups of Coleoptera are 
found in ponds or slow-moving areas of streams (e.g., Dytiscidae, Haliplidae, 
Hydrophilidae), or in fast flowing streams (e.g., Elmidae, Dryopidae, Psephenidae). 
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Gilled snails (Mollusca)- freshwater snails are found in ponds, lakes, swamps, streams, 
and rivers. They can live in a variety of substrates, including rocky bottoms, sand, mud, 
vegetation, and debris, although individual species often prefer a specific substrate. 

 

Somewhat Sensitive Taxa 

Species in slow-moving areas of the stream generally tolerate lower DO levels and 
higher organic matter and sedimentation. Communities found in riffles are often more 
sensitive to increasing pollution than communities in slow flowing areas, even within the 
same stream. 

Sowbugs/pillbugs (Crustacea: Isopoda: Asellidae) - feed on dead organisms and thereby 
increase in number with eutrophication. 

Dragonfly and damselfly nymphs (Odonata) - are predatory insects that are found in 
slow-moving or standing water.  

Dobsonfly larvae (hellgrammites) - live in muddy-bottomed areas and underneath rocks. 

Crayfish (Crustacea: Decapoda: Astacidea) - can be found in both standing and flowing 
waters, in streams, lakes, and wetlands. Stream species are less tolerant to changes in 
temperature, pH, and DO than lake and pond species. 

Mussels and clams (Mollusca) - being filter feeders, cannot tolerate high turbidity since 
sediments and organic matter prevent them from feeding. They  are generally tolerant of 
siltation. 

Cranefly larvae (Diptera: Tipulidae) - found in moss, silt, and leaves at the bottom of 
either standing or flowing waters. 

Freshwater scuds (Amphipoda) – can be found in lakes, ponds, and streams. 

Common net-spinning caddisflies (Hydropsychidae)- commonly found in streams and on 
the shores of lakes. 

Tolerant Taxa 
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Turbidity reduces light penetration, reducing aquatic plant productivity, which 
affects macroinvertebrates that feed by grazing and visually-hunting predators. In 
addition, the filtering mechanisms of filter feeders may be blocked by sediment. As 
sedimentation increases, species that live on rocks such as mayflies, stoneflies, and 
caddisflies, will be replaced by more tolerant species, such as lunged snails. Waters which 
are polluted by high inputs of organic matter or other contaminants have a low diversity 
of macroinvertebrates. The only species found in these waters are ones that can survive 
and reproduce under low DO, highly turbid conditions, and/or high concentrations of 
toxic pollutants.   

Aquatic worms (Annelidae, Oligochaeta, Tubificidae) - found in soft or silty substrates or 
in detritus. 

Lunged snails (pulmonate snails) and Leeches (Annelida: Hirudimea) – survive in waters 
with little to no oxygen. 

Larvae of black flies (Diptera: Simuliidae) and midges (Diptera: Chironomidae) - survive 
very low DO concentrations and a high degree of sedimentation and siltation. They live in 
the silt bottom and on solid substrates. 

Keep in mind 
Using macroinvertebrate presence/absence is a great way to evaluate local stream health. 
However, many factors can affect what macroinvertebrates you find. Populations of 
macroinvertebrates fluctuate seasonally. Even clean, healthy streams might be poor in 
macroinvertebrate diversity due to extreme temperatures, low nutrient levels, adverse 
geomorphology, or following large storm events.  

 

Looking to the future 
If this chapter caught your interests, it’s time to consider a possible career working with 
macroinvertebrates. A great path you could start down is aquatic ecological monitoring. 
Working as a technician in this career would require meeting responsibilities such as 
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collecting water quality data, stream habitat data, and macroinvertebrate samples, 
entering this data into whatever database is used by your organization, and using 
knowledge of computers and mapping technology to route the areas sampled. This type 
of job would be wonderful for individuals looking to travel, work outdoors, and go on 
daily hikes. You would also have the opportunity to work with many different people and 
groups when consulting for companies such as fisheries, public land managers, and 
forestry developers.  
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Pollution Palooza Activity 

 

ACTIVITY OVERVIEW 
 

This activity is designed in two parts: a field portion and classroom portion. 
Students will work in groups of 3-5 for the duration of the activity. The field portion 
involves the collection of stream samples and identification of macroinvertebrates 
according to the SC Adopt-a-Stream Macroinvertebrate Monitoring Protocol (this can 
be found in Resources and Materials webpage at www.scadoptastream.org).  If the 
stream samples are collected by the teacher without the students present in the field, 
the students can identify the macroinvertebrates the back in the classroom. If visiting 
the stream sites and collecting/identifying macroinvertebrates is not feasible, students 
can use the sample data provided. Students will be comparing the results from their 
stream site to those from a stream located in Clemson, SC. The steps for making 
observations, collecting and identifying macroinvertebrates, recording data, and 
completing the lab questions below are designed to take either two 45-minute class 
period or one 90-minute class block (excluding travel time to and from the field site). 
 

MATERIALS AND METHODS 

Sampling Materials 
- Kick Net  
- Dip/D Net  
- Sorting Bins (Preferably white) 
- Ice Cube Trays 
- Eyedroppers 
- Turkey Basters 
- Popsicle sticks  
- Tweezers  
- Microscopes  
- Magnifying Glasses 
- Loops  
- Permanent Markers  
- Stream Samples  
- Site observations data sheet 
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- Pencil  
- Clipboard 

 
In the classroom 

- Data sheet 
- Computer 

 
Remote observations 
 

1. Pre-lab qualitative observations 
a. Find each stream location on Google Earth 

(https://earth.google.com/web/ or download at 
https://www.google.com/earth/versions/). The teacher will provide the 
location of the stream you will be visiting. The stream that will be used 
for comparison is in the Clemson Botanical Gardens (Latitude: 34.6676, 
Longitude: -82.8264). 

b. Record observations about each stream site and the surrounding area, 
noting the season and date the imagery was captured. Use the discussion 
questions provided to hypothesize potential results for the stream sites. 
You can view how the area has changed over time using the sliding bar at 
the top left of the screen (downloaded version only). You may consider 
using the resources listed at the end of this activity to include additional 
historical and geographic data as you make you predictions.  

 
In the field 
 

2. When you arrive at the stream, complete the site observations data sheet.  
3. Determine the stream bottom type and collect the proper stream samples.  

a. Rocky Bottom Streams:  
i. Riffles - Riffle areas constitute shallow areas of a stream or river with a 

fast-moving current bubbling over rocks. The water in riffle areas is 
highly oxygenated and provides excellent habitat, shelter, and food for a 
variety of macroinvertebrates. 
⇒ First, identify three different riffle areas, or different sections of a 

riffle. Collect macroinvertebrates in all three riffles with a kick net, 
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sampling a 2 x 2 foot area (the kick nets are usually 3 x 3 feet). Look 
for an area where the water is 3 to 12 inches deep. Place the kick 
net downstream and firmly wedge the net into the streambed, 
weighting the bottom edge with rocks. Gently rub any loose debris 
off rocks and sticks so that you catch everything in the net. When 
you have “washed off” all the rocks in a 2 x 2 foot area, kick the 
streambed with your feet. Push rocks around; shuffle your feet so 
that you really kick up the streambed. Now gently lift the net, 
being careful not to lose any of the macroinvertebrates you have 
caught. Take the net to an area where you can empty it into a white 
sorting pan and look it over, or wash the contents into a bucket.  
 

ii. Leaf Packs - Leaf packs are tightly-packed clumps of submerged, 
decomposing leaves caught up on sticks and rocks in areas of fast flow.  
Leaf packs serve as a food source for organisms and provide shelter from 
predators. 
⇒ Look for submerged, decaying (old, dead) packs of leaves next to 

rocks, sticks, or logs in the stream. Leaf packs may be found 
throughout your designated stream reach, in areas with good flow. 
Add four (4), approximately 1 square foot each, handfuls of 
decayed leaves to your sample. The total area of stream you will 
sample is 16 square feet. 

b. Sandy/Muddy Bottom Streams: 
i. Vegetated Margins - This habitat is the edge of the waterbody 

consisting of overhanging bank vegetation, submerged root mats (which 
are sometimes hidden beneath undercut streambanks), and any 
underwater plants. Vegetated margins may be home to a diverse 
assemblage of dragonflies, damselflies, and other organisms. Move the 
dip-net quickly in a bottom-to-surface motion (scooping towards the 
stream bank), jabbing at the bank to loosen organisms. Each scoop of the 
net should cover one square foot of submerged (underwater) area. 

 
ii. Organic Matter/Woody Debris - Organic matter/woody debris consists 

of dead or living trees, roots, limbs, sticks, leaf packs, cypress knees, and 
other submerged organic matter. It is a very important habitat for 
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macroinvertebrates as the wood helps trap organic particles that serve as 
a food source for the organisms and provides shelter from predators such 
as fish. 
⇒ To collect woody debris, approach the area from downstream and 

hold the net under the section of wood (such as a submerged log) 
you wish to sample. Rub the surface of the log for a total surface 
area of one square foot. It is also good to dislodge some of the bark 
as organisms may be hiding underneath. You can also collect 
sticks, leaf litter, and rub roots attached to submerged logs. Be sure 
to thoroughly examine any small sticks you collect before 
discarding them. There may be caddisflies, stoneflies, and midges 
attached to the bark. If you find a large clump of roots, place the 
whole clump into your net, and keeping it underwater, shake the 
roots to dislodge any macros living there. Gather a leaf pack with 
much the same motion of picking up leaves after you have raked 
them together. Transfer the whole pack to a collection tub with 
water. Remove and examine each leaf. While this is time 
consuming, there are potentially loads of tiny invertebrates living 
between each leaf.  

 
iii. Sand/Rock/Gravel or Coarsest Area of the Streambed - In slow 

moving streams, the streambed is generally composed of only sand or 
mud because the velocity of the water is not fast enough to transport 
large rocks. Sample the coarsest area of the streambed—gravel or sand 
may be all you can find. Sometimes, you may find a gravel bar located at 
a bend in the river. The streambed can be sampled by moving the net 
forward (upstream) with a jabbing motion to dislodge the first few inches 
of gravel, sand, or rocks. You may want to gently wash the gravel in a 
screen bottom bucket and then discard gravel in the water. If you have 
large rocks (greater than two inches in diameter) you should also kick the 
streambed upstream of the net to dislodge any burrowing organisms. 
Remember to disturb only one square foot of upstream sample area. 

 
iv. Fine Silt/Mud - If the coarsest streambed you can find is almost entirely 

silt and mud, you can separate the organisms by placing the sample in a 
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bucket with water and stirring. Pour off the water into the D-frame net 
and repeat three times. Macroinvertebrates will separate from the 
collected mud and be caught in the net. Check any remaining material in 
the bucket for organisms. 

 
4. Sorting and Identifying Macroinvertebrates 

a. Use the tools provided by your teacher to find, capture, and sort the 
macroinvertebrates in your sample into the ice cube trays. Students should 
put the same type of organisms into the same ice cube tray slot. 

b. Once students have collected all possible macroinvertebrates from their 
assigned stream samples, use the attached SC Adopt-a-Stream 
identification guide to identify the macroinvertebrates, and recorded them 
on the provided data sheet. 

 
 

5. Recording and Assessing  
a. Once all the macroinvertebrates have been collected and sorted according 

to macroinvertebrate species, complete the Macroinvertebrate data sheet 
on your lab sheet. Enter a letter into each box for macroinvertebrate species 
based on the number of organisms from this species present. 

i.  An “R” (rare) is recorded for species where 1-9 organisms are 
present, “C” (common) for species where 10-99 organisms are 
present, and “D” (dominant) for species where 100 individuals or 
greater are present.  

b. Total the number of macroinvertebrate species discovered in each tolerance 
level and complete the math according to the lab sheet.  

c. Use the total number calculated to determine the overall stream health 
rating.  

d. Once you are finished, return all the macroinvertebrates to the stream 
habitats from where they were collected. 

 
 
In the classroom 
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Once students have recorded data for both stream sites, they will complete the 
post-lab questions on their lab sheet. These questions ask students to reflect on the 
predictions they made in the pre-lab and propose potential sources of pollution. Most 
importantly students are asked to compare the water quality assessment of their stream 
sites to confirm or deny their pollution predictions from the pre-lab. Teachers may 
wish to have the students discuss their answers as a class or use the above activity as a 
foundation for further investigation into water quality and citizen science in their area. 
 
Modifications 
 

If neither the students nor the teacher are able to collect macroinvertebrates 
from the field, the students can use the attached data included with this handbook to 
conduct the investigation. The students can also compare their results to previous 
sampling records found on the SC Adopt-a-Stream database.  

 
Consider further: from what you have learned about macroinvertebrates, what 

makes them good indicators of water quality? What are the disadvantages of using this 
data for decision-making?  
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Digging deeper: 
 

Students wishing to investigate the health of their stream sites of potential 
sources of pollution further can use the existing data available on the SC Adopt-a-
Stream public database and other public informational sites. Using the links below, 
have students explore available datasets from current and historical testing sites, 
develop hypotheses, and design studies using macroinvertebrates as water quality 
indicators to assess stream health. 
 
South Carolina Adopt-a-Stream Database 
https://scaas.app.clemson.edu/home.php 
 
Rivers and Streams Across the United States - Water Quality Summaries 
https://cida.usgs.gov/quality/rivers/sites 
 
Coastal Rivers - Nitrate Loads and Yields 
https://cida.usgs.gov/quality/rivers/coastal 
 
WaterQualityWatch -- Continuous Real-Time Water Quality of Surface Water in the 
United States 
https://waterwatch.usgs.gov/wqwatch/ 
 
Cleanups in My Community Map 
https://ofmpub.epa.gov/apex/cimc/f?p=cimc:MAP:0:::71:P71_WELSEARCH:SC|State|SC|
||true|true|true|true|true|true||-1|sites|N|basic 
 
Water-Quality Changes in the Nation's Streams and Rivers 
https://nawqatrends.wim.usgs.gov/swtrends/ 
 
Enforcement and Compliance History Online (ECHO) Water Pollution Search 
https://echo.epa.gov/trends/loading-tool/water-pollution-search 
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CHAPTER ASSESSMENT 

1. What are macroinvertebrates, and what are they used for? What attributes do 

they have that make them useful for this? 

2. Describe the difference between point source and nonpoint source pollution. 

Which do you think would have the largest impact on the macroinvertebrate 

communities? Why? 

3. What are the three main macroinvertebrate classifications with regards to 

pollution levels? What habitats/environments would the sensitive organisms 

thrive in? Tolerant? 

4. Is it more important to find a stream that contains predominantly stonefly 

nymphs or to find a diverse ecosystem that includes mayfly nymphs, crayfish, 

cranefly larvae, gilled snails, lunged snails, leeches, and aquatic worms? Explain. 

 


