
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

    Biological Monitoring  



Benthic Macroinvertebrates 

What are benthic macroinvertebrates? By definition, macroinvertebrates are 

organisms without backbones which are visible to the human eye without the 

aid of a microscope. Aquatic macroinvertebrates are often regarded as 

benthic, which means they live on, under, and around rocks and sediment at 

the bottoms of lakes, rivers, and streams. Freshwater benthic communities 

may consist of fly and beetle larvae, mayflies, caddisflies, stoneflies, 

dragonflies, aquatic worms, snails, leeches, and numerous other organisms. 

Since these macroinvertebrates are important to the food chain in our rivers 

and streams, they play a vital role in a stream’s ecosystem. Their presence in 

a stream, or lack there of, is a good indicator of water quality and health of 

these ecosystems. There are many advantages to using macroinvertebrates as 

an indicator of water quality: 

 

 
• Non-Mobile: While fish will move if their habitats start to deteriorate, 

invertebrates are much more limited in their mobility. 

• Taxa with Different Pollution Tolerances: Invertebrates have different 

levels of sensitivity to pollution. They can be assigned to three categories: 

pollution sensitive, somewhat tolerant, and tolerant. This allows us to 

determine the condition of a stream based on their presence or absence. 

• Continuous Monitoring: Invertebrates are permanent residents of a 

stream. This makes them susceptible to pollutants present in the water 

and can reveal the impact pollutants have on the health of a stream over 

time. 

• Easy to Collect: Invertebrates are easy to collect. 

• Inexpensive Equipment: Chemical monitoring requires expensive and 

sometimes highly sophisticated equipment to analyze water samples. 

Biological monitoring only requires a kick net, forceps, and a small tray. 

• Easy to Identify: Although it seems difficult at first, with a little practice, 

people become very adept at identifying these organisms. 

• No Chemicals Needed: No chemicals are needed to conduct this type of 

monitoring. 



Taxonomic Classification 

Taxonomic classification is a hierarchical system for classifying organisms. The 

broadest classifications are by kingdom; the most specific classification is by 

genus and species. 

 

 

Taxonomic Classification 

Kingdom 

Phylum 

Class 

Order 

Family 

Genus 

Species 

How to Remember the Taxonomy 

King 

Phillip 

Came 

Over 

For 

Great 

Salmon 

 
With the exception of a few taxa, volunteers will generally identify organisms 

to the level of Order when conducting their biological monitoring. This is the 

typical taxa level that can be identified easily in the field without 

magnification. 

Pollution Tolerance 

The invertebrates you will be looking for can be categorized into three main 

groups: 

• Pollution Sensitive: These organisms are very sensitive to pollutants and 

will only be present in streams that have excellent water quality. 

• Somewhat Pollution Tolerant: These invertebrates can survive in streams 

with moderate impairment. 

• Pollution Tolerant: Organisms in this category are very tolerant of 

pollution and are the only organisms you will find in streams with severe 

impairment. Pollution tolerant organisms can be present in all streams, 

including those with excellent water quality. 

 
A useful resource for aiding in macroinvertebrate identification is Stream 

Insects & Crustaceans, or Blue Bug Card, adapted from the Izaak Walton 

League. Taxa are placed in three groups: Group One is pollution sensitive, 

Group Two is somewhat pollution tolerant, and Group Three is pollution 

tolerant. The Blue Bug card is located at the end of this chapter. 



Pollution Sensitive Taxa 

Pollution sensitive invertebrates are organisms that are very sensitive to 

pollutants and will only be present in streams with excellent water quality. 

Invertebrates that belong to this group include: 

• Mayfly Nymph 

• Stonefly Nymph 

• Caddisfly Larva 

• Riffle Beetle Larva and Adult 

• Water Penny Larva 

• Gilled Snail 

• Dobsonfly Larva (Hellgrammite) 



Pollution Sensitive: Mayfly Nymph 

Head 

Thorax 

 

 

Wingpads 
 
 
 
 

 
Tails 

Legs 

Abdomen 

 
Gills 

 
 
 
 
 

 
Distinguishing Features: 

• Plate-like, elongate, or feather-shaped gills located on the sides of the 

abdomen. 

• One hook (claw) at the end of each leg. 

• Most mayflies have three filament-like tails; some may have only two. 



Pollution Sensitive: Stonefly Nymph 

 

“Hairy Armpits” 
 
 
 

 
Thorax 

 
 
 
 

 
Tails 

Head 
 

 
May see Gills 

on Thorax 

 
 

 
Abdomen 

No Gills 

 
 

 
Distinguishing Features: 

• Usually no gills on the abdomen. 

• “Hairy armpits.” Stonefly gills may look like hairs and are located under the 

legs on the thorax. 

• Two hooks (claws) at the end of each leg. 

• Stonefly nymphs have 2 tails. 



6 Legs 

Pollution Sensitive: Caddisfly Larva 
 

 
Case 

Crunchy 
thorax 

 

 

 Abdomen 
 

 
 Prolegs 

 
 
 
 

 
Distinguishing Features: 

• No tails; instead, they 

have hook-like features 

called prolegs. 

• No wing pads. 

• Crunchy thorax; soft 

abdomen. 

• May build their own 

case made of sand 

grains or bits of leaves 

or twigs. 

Filament-like gills may be 

present on the underside 

of the abdomen. 

“Mmmm, 
Cream 
Filled” 

Head 



Pollution Sensitive: Riffle Beetle 

 

 
Distinguishing Features: 

• Riffle beetles spend both 

their larval and adult life 

cycle in water. It is not 

uncommon to collect adults 

and larvae in net sets. 

Count the total of larvae 

and adults when recording 

these on the data sheet. 

• Riffle beetle larvae are tiny 

and elongate. The head and 

3 pairs of legs are visible; 

filamentous gills may 

emerge from the tip of the 

abdomen. The entire body 

is covered in hard plates. 

• Adult riffle beetles are very 

small, dark, and hard- 

bodied. They have relatively 

long legs and tarsal claws. 

Adults will crawl slowly on 

the bottom of your ice cube 



Head 

Legs 

Gills 

Pollution Sensitive: Water Penny 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Distinguishing Features: 

• Described as looking like a fish scale. 

• Body is covered with a hard, oval carapace 

• The head, legs, and gills are clearly visible on the underside of a water 

penny. 

• Water pennies are immature aquatic larvae; the adults are terrestrial 

beetles. 



Pollution Sensitive: Gilled Snail 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
Opening on 

right side 
 

 
Distinguishing Features: 

• When the snail is held point up, the opening is on the right side. 

• The opening is often covered by a hard, plate-like operculum. 

• Do not count empty shells on the data sheet 



Dichotomous Key 
Many resources are available to aid in identifying macroinvertebrates. The Key to 

Macroinvertebrate Life in the River is a simple dichotomous key with photos. A di- 

chotomous key is a tool that biologists use to help identify organisms by asking ques- 

tions about distinguishing characteristics. Use the Key to identify the invertebrate 

 
 
 

 

 
 
 
 
 
 
 
 
 
 

 
1. Is there a shell? 

 
2. Does this organism have legs? 

 
3. How many pairs of legs does this organism have? 

 
4. Are wings present? 

 
5. Does this organism have an obvious tail? 

 
6. Use description and photo to identify this organism. 



Pollution Sensitive: Dobsonfly larva 

(Hellgrammite) 

Mandibles 
 
 
 
 
 
 

 
Lateral Filaments 

 
 

 
Gill Tufts 

 
 
 
 
 

 
Distinguishing Features: 

• Hellgrammites, the larval stage of the dobsonfly, are one of the largest 

invertebrates. 

• Large mandibles or pinchers used for feeding and mating. 

• Lateral filaments (slender appendages) along sides of abdomen. 

• Gill tufts located under the lateral filaments on abdomen. 

• 3 pairs of segmented legs 
 



Somewhat Pollution Tolerant Taxa 

Somewhat pollution tolerant invertebrates can survive in streams with 

moderate pollution impairment. Invertebrates that belong to this group 

include: 

• Crayfish 

• Sowbug 

• Scud 

• Alderfly Larva 

• Fishfly Larva 

• Damselfly Nymph 

• Dragonfly Nymph 

• Watersnipe Fly Larva 

• Crane Fly Larva 

• Other Beetle Larva 

• Freshwater Clam or Mussel 
 

 



Somewhat Pollution Tolerant: Crayfish 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Distinguishing Features: 

 
• One of the most recognizable macroinvertebrates. 

• There are 36 species of crayfish in Missouri. 

• If you find crayfish in your net, immediately record the number on your 

data sheet and return them to the water as this predator will consume 

other organisms on the net or in the sorting tray. 

• Crayfish are a keystone species in aquatic ecosystems; they eat everything 

and are in turn eaten by a great diversity of larger aquatic and terrestrial 

animals. 



Somewhat Pollution Tolerant: Sowbug 
 

 
 

Distinguishing Features: 
 

• A crustacean, similar to the crayfish. 

• Resembles its terrestrial cousin, the roly-poly or pill bug. 

• Flattened dorsoventrally from top to bottom. 

• Seven pairs of legs 
 

 



Somewhat Pollution Tolerant: Scud 
 
 

 

Distinguishing Features: 

• Many appendages on their abdomen. 

• Seven pairs of legs. 

• Several pairs of pinchers. 

• Segmented body. 

• Flattened laterally from side to side. 

• Also referred to as side swimmers. 



Somewhat Pollution Tolerant: Alderfly Larvae 

Mandibles 
 
 
 
 

 
Lateral filaments; 

no gills under- 

neath 

 

 
Single Tail with 
A-Shaped Base 

 
 
 

 
Distinguishing Features: 

• Although similar to the hellgrammite, an alderfly is much smaller. 

• Mandibles or pinching mouthparts. 

• No gills under lateral filaments. 

• Abdomen ends in a single filament that looks like a tail in the shape of a 

capital letter “A.” 



Somewhat Pollution Tolerant: Fishfly Larvae 
 

 
No Gills Under 

Filaments 
 
 
 
 

 
Breathing Tubes on 

8th 
Abdominal 

Segment 
 
 
 
 

 
Distinguishing Features: 

• Presence of breathing tubes near the end of the abdomen which are used 

in lower oxygen conditions to get atmospheric oxygen . 

• No gills under lateral filaments. 

• Fishfly larvae are relatively smaller in size than the hellgrammite. 

• Fishfly larvae look similar to the hellgrammite, except gills are not present 

under the lateral filaments and they are smaller in size than the 

hellgrammite. 
 



Somewhat Pollution Tolerant: Damselfly nymph 

Long, nar- 
Large eyes 

 
 
 
 
 
 
 
 

3 pairs of long 

segmented legs 

row abdo- 
 
 
 
 
 
 

 
Oar Shaped Tails 

(Gills) 

 
 

 
Distinguishing Features: 

• Three broad oar or paddle-shaped gills at end of long, narrow abdomen 

which look like tails. 

• Body shape is elongate and 6 legs are long and spindly. 

• Extendible lower lip, or labium, for grasping prey. 

• Large eyes 



Somewhat Pollution Tolerant: Dragonfly nymph 

6 long legs Large eyes 
 

Wide abdomen that is oval, round, and or 

flat 

 
Distinguishing Features: 

• Dragonfly nymphs can have a 

wide range of body shapes 

based on species. 

• Long, segmented legs. 

• Long, folded lower labium or 

lip used for capturing prey. 

• Large eyes located on the 

front of their head. 

• Abdomen is wide and has an 

oval or round shape. 

• Abdomen may have a flat, 

leaf-like appearance. 

 



Somewhat Pollution Tolerant: Watersnipe Fly 

Larvae 
 

 
Distinguishing Features: 

• Watersnipe fly larvae can be identified by caterpillar-like prolegs on each 

body segment and two feathery horns at the end of the abdomen. 

• Medium size, about half an inch. 

• Worm-like appearance with distinct body segments. 

• Can be difficult to distinguish from other organisms such as horse flies 

and crane flies from the order Diptera. 

 
 

 
Watersnipe Fly Horse Fly 

 

 



Somewhat Pollution Tolerant: Crane Fly Larvae 
 
 

 
Distinguishing Features: 

• Very squishy segmented body. 

• Often appear transparent. 

• Common species found are quite large, up to several inches. 

• Abdomen ends in several finger-like lobes. A smaller species of crane fly 

has an abdomen that ends in an enlarged lobe resembling a turnip shape. 

 
 
 
 
 
 
 
 

 



Somewhat Pollution Tolerant: Other Beetle 

Larvae 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Besides riffle beetles and water pennies, volunteers may find the larvae of 

other aquatic beetles. If a volunteer finds something they cannot easily 

identify, use the Blue Bug Card or a dichotomous key. It may be identified as 

an other beetle larva in a process of elimination. Beetles are a diverse group 

and have features similar to other taxa counted on the data sheet. When 

reporting these, simply lump them together under the “Other Beetle” 

category on your data sheet. 

 
A few characteristics include: 

• 6 segmented legs 

• Visible mouth parts 



Somewhat Pollution Tolerant: 

Freshwater Mussels and Clams 

 
 
 
 
 
 
 
 
 
 
 
 

 
Nationwide, it is estimated that over 70% of native mussels are either 

threatened or endangered. Likewise, Missouri is facing similar declines in its 

native mussel populations. Native mussels and clams in Missouri include the 

maple leaf mussel and fingernail clam, so named because of its small, 

fingernail-like shape. The Asiatic clam is a foreign species to Missouri, 

although it has become very abundant in some watersheds. The Asiatic clam 

can typically be distinguished from native mussels by their symmetrical 

shape, centered umbo, and strong shell with many ridges. The zebra mussel 

is another non-native species in Missouri. They have distinctive stripes and 

unlike our other mussels, they attach themselves to any solid object, often 

forming extensive colonies that become a nuisance and negatively impact 

aquatic ecosystems. 

 

Asiatic Clam 
 
 
 
 

 
Volunteers are strongly encouraged to return all native clams and mussels to 

the stream as quickly as possible. Mussels must be placed upright in the 

substrate with the umbo pointed up. If you find an empty shell, do not count 

it on your Macroinvertebrate Data Sheet. 

Umbo 



Pollution Tolerant Taxa 
The following set of macroinvertebrates are pollution tolerant organisms. 

These organisms can be found in all river systems, both healthy and 

impaired. The abundance of tolerant invertebrates compared to the 

abundance of sensitive invertebrates is an important observation when 

determining the health of a stream: 

 
• Aquatic Worm 

• Midge Fly Larva 

• Black Fly Larva 

• Leech 

• Pouch Snail 

• Other Snail 



Pollution Tolerant: Aquatic Worm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Distinguishing Features: 

• Segmented or unsegmented (horsehair worm). 

• Long and thin. 

• Often curl back around on themselves. 

• Aquatic worms are longer than midge fly larvae. 

• Count worms while picking from the net as they will become entangled 

and difficult to count from the tray. 



Pollution Tolerant: Midge Fly Larvae 
 
 
 
 
 
 
 
 

 

 
 
 

 
Distinguishing Features: 

• Very small larvae, usually less than 1/4 inch in length. 

• Head is visible when viewed with magnification. 

• Presence of two small prolegs located by the head and at the end of the 

abdomen. Prolegs are not segmented. 

• Slightly curved, segmented body. 



Pollution Tolerant: Black Fly Larvae 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

 

• Very small in size. Distinguishing Features:
 

• Will readily attach to side of sorting tray or other objects in water. 

• Wider on one end than the other( resembles a bowling pin), due to a ring 

on the posterior end of the animal used to attach itself to debris or rocks. 

• Filter feeder with two fan-like structures on the head used to collect food 

out of the water. 



Pollution Tolerant: Leech 

 

 

 
Distinguishing Features: 

• Suction cup-shaped mouth. Another suction pad is located on the 

abdomen. These suction pads are used as the leech moves by muscular 

contraction and expansion. 

• Long, flattened, muscular body 1-12 inches in length. 

• Often brown, black, or mottled in color. 

• Can be misidentified as a planarian. Planarians will have a tapered head, 

two eyespots, and have a gliding locomotion. The average length of a 

planarian is 0.5 inches while leeches can grow to several inches. 
 



 
 
 
 
 
 
 
 
 

 
Opening on 

the left 

Pollution Tolerant: Pouch Snail 

 

 
Distinguishing Features: 

• Pouch snails are sometimes referred to as left-handed snails since the 

shell opens to the left when the point of the snail is held upwards. 

• Also called lunged snails because they have a rudimentary lung to 

breathe air. 

• No operculum. 

• Do not count empty shells on data sheet. 



Pollution Tolerant: Other Snails 
 

Distinguishing Features: 

• Snails that are not conical-shaped with an opening to the left or right. 

• Shell will be coiled or look like a ram’s horn. 

• Do not count empty shells. 
 

 

Invertebrate Species Preservation 

Monitors may preserve specimens for aid in identification or as a reference 

collection. The preferred method of preservation is using ethyl alcohol 

(ethanol). Denatured alcohol with a high ethyl alcohol content may be used. 

See the Safety Data Sheet to determine alcohol content. If ethyl alcohol is not 

available, isopropyl alcohol (rubbing alcohol) may be used but is harsher on 

specimens. 

 
 Euthanize specimen in jar of 100% ethyl alcohol. 

 Place specimen in vial with 80% ethyl alcohol and 20% water. 

 Specimen may be placed in vial of hand sanitizer for easy viewing. This is 

best for small specimens. Instructions below: 

1. Euthanize specimen in alcohol. 

2. Fill vial part way with hand sanitizer; insert specimen 

3. Fill completely to top to avoid any air space between gel and cap; 

screw cap tightly. Use only for small specimens. 

4. Gel will break down and must be replenished occasionally. 



Sampling Methods: Equipment Needed 
To collect, sort, and analyze the invertebrates in your stream, you will need 

the following equipment: 

 
• 3’ X 3’ Net* 

• Forceps* 

• Magnifying Lens* 

• Sorting Pan or Tray 

• Squirt Bottle 

• Macroinvertebrate Data Sheet* 

 
* Indicates equipment provided by the Stream Team Program. 

 
 
 

 

Biological Monitoring 
Macroinvertebrates should be sampled twice a year, once in the spring 

before the leaves appear and once in the fall before leaves drop. Sampling 

more often may destroy stream habitats. 

 
When conducting your biological sampling, you will collect three net sets for 

replication within your 300-foot site. It is preferable that each net set is 

collected from three different microhabitats. For example, if you are 

sampling from riffles, choose three different microhabitats: the bottom of a 

riffle, a riffle area with vegetation, and a riffle area with leaf packs. 



Habitat Types 
Missouri can be divided into four principle aquatic faunal regions: Big River, 

Lowland, Ozark, and Prairie. Each region is characterized by different habitats 

and fauna. Streams in the Ozark Region have many riffles, but they are less 

common in the Prairie Region due to the gradient of the land. 

 
When sampling for macroinvertebrates, you will find different habitat types 

in different regions. You will commonly find riffles and root mats in the Ozark 

region. In the Prairie and lowland regions, you will characteristically have 

root mats, snags, and pools, but very few, if any, riffles. 

 
Stream Team protocol prefers you to sample the habitats in the following 

order. If you do not have a riffle, then look for a root mat next. If you fail to 

find one, then you can sample a snag or woody debris. Sample a non-flow or 

pool only as a last resort. 

 
Priority Order for Sample Habitats 

1. Riffles 

2. Root Mats 

3. Snags and Woody Debris 

4. Non-Flow and Pools 



Sampling Riffles 

A riffle is an area in your stream where water breaks over the rocks due to a 

gradient drop in the stream bed. This action incorporates atmospheric 

oxygen into the water which results in higher dissolved oxygen levels needed 

for invertebrates to thrive. A riffle provides a variety of microhabitats for a 

diverse community of organisms. 

 
Since Stream Team protocol requires samples from three microhabitats, start 

with the most downstream microhabitat and work your way upstream. This 

prevents disturbing the other locations you will be sampling. 

 
 
 
 
 
 

 



Sampling Riffles 

Follow the process to collect samples of invertebrates in a riffle: 

 
1. Place net in riffle. 

2. Ensure bottom of net is on stream bottom and stretched taut side to 

side. 

3. Weigh down the bottom of the net with large rocks. 

4. Rub any large rocks in the sample area over the net, then set aside. 

5. Agitate the stream bottom directly in front of the net in a 3’ X 3’ area, 

disturbing the substrate 3 to 6 inches deep. (Benthic Boogie!) 

6. Remove and rub rocks weighing down the net. 

7. Slowly lift the net from the stream, ensuring water does not pour over 

the sides. 

8. Move the net to land to pick, sort, and identify invertebrates. 
 
 

 

 

 



Sampling Root Mats 

Root mats are the fibrous roots from vegetation that hang over a stream 

bank and into the water. Damselflies, dragonflies, mayflies, caddisflies, and 

midges are common in root mats. Use the following process to sample 

macroinvertebrates from root mats: 

 
1. Place net downstream of root mat. 

2. Kick and swirl water through roots into the net. 

3. Slowly lift the net from the stream, ensuring water does not pour over 

sides. 

4. Move the net to land to pick, sort, and identify invertebrates. 
 
 
 
 
 

 

 

 



Sampling Snags and Woody Debris 

If your site has no riffles or root mats, you can sample snags or woody debris. 

When tree limbs, logs, and sticks fall into a stream and begin to decompose, 

the material becomes soft and provides a microhabitat for invertebrates. 

Follow the process below when sampling snags or woody debris: 

 
1. Place net below the woody debris. 

2. Scrub the debris using a brush. 

3. Slowly lift the net from the water. 

4. Move the net to land to pick, sort, and identify invertebrates. 

5. Repeat steps 1 to 4 to sample three to five snags for one net set. 
 
 
 
 
 
 
 



Sampling Non-Flow 

If no other habitats exist at your monitoring site, you can sample in pools or 

non-flow areas. Use a D-net and the following process to collect your samples 

from these microhabitats: 

 
1. Hold D-frame net downstream of where you stand in the water. 

2. Shuffle feet to disturb substrate 6-12’’ deep if possible. 

3. Sweep net side to side or in a circular motion just above substrate. 

4. Repeat as you shuffle upstream, sampling a 3' by 3' area of stream 

bottom 

 

 

Sampling Tips 

• Prioritize habitats to monitor according to stream team protocol: 

 
1. Riffles 

2. Root Mats 

3. Snags and Woody Debris 

4. Non-flow or pools 

 
• Collect samples in an upstream direction. 

• Do not collect invertebrates from disturbed areas. 

• Be consistent in the habitats you sample. 

• Sample macroinvertebrates twice a year; once in the spring and once in 

the fall. 

 
 
 
 
 
 
 
 

 



Completing the Macroinvertebrate Data Sheet 

After you have collected a sample, begin the process of sorting, identifying, 

and counting each type of invertebrate. Record your findings on the 

Macroinvertebrate Data Sheet. This process will be repeated for each of the 

three net sets: 

 
1. Remove invertebrates from the net and place them into your sorting 

tray. 

2. Record the time spent removing invertebrates. 

3. Identify invertebrates. 

4. Count invertebrates and record your findings on the data sheet. 

 
As with every data sheet you submit, be sure the header information is filled 

out entirely. For each of the three net sets, you will record the Habitat Type 

and select the Net Type you used. Record the amount of time it took to pick 

invertebrates from the net and the number of people that helped. Identify 

the organisms in the sorting tray and record the quantity of each variety 

found. After all three net sets have been completed, circle the number in the 

far right column called Score. If the taxa was present in any of the three net 

sets, circle the corresponding number. Once all data has been recorded, add 

up the scores to get the final water quality rating. 



Factors Affecting Biological Water Quality Rating 

There are many factors that affect the biological water quality rating. Some 

of these include: 

 
• Substrate: The type of habitat the stream provides will affect the rating. 

Silt and sand-bottomed streams will generally have lower ratings than 

cobble-bottomed Ozark streams due to poor habitat availability. 

• Discharge, Depth and Velocity: Sensitive organisms prefer water with 

some velocity because it helps to keep oxygen levels high. Too much 

velocity though, can result in a lower water quality rating. An example of 

this would be when rain events generate deep, fast flows in which 

organisms can be swept away. 

• Season: Many invertebrates are insect larvae and emerge at varying 

times of the year. If you conduct your biological monitoring when they 

are in the adult stage, your rating will be lowered. 

• Water Temperature: Very warm streams, like those with no riparian 

corridor or those in urban areas that are partially paved, will not hold 

much oxygen and will not support aquatic life. 

• Stream Size: Invertebrate communities are dependent on the 

characteristics associated with stream size. 

• Water Chemistry: A balance of chemical constituents must be 

maintained to support aquatic life. Imbalances will result in changes in 

the stream that will alter what organisms can live there. Certain 

chemicals are toxic and if present in large enough quantities, will kill all 

life in a stream. 

• Physical Factors: Habitat, flow, and rates of soil erosion are all physical 

factors that affect aquatic life. Poor ratings can often be attributed to 

physical problems in the stream. 

• Level of Taxonomy: Our program identifies many macroinvertebrates to 

class, order, and family based on ability to identify stream-side. A 

general pollution sensitivity is assigned to this level. However, a given 

taxa may have a genus or species more tolerant than others. For 

example, mayflies are considered pollution sensitive on the data sheet, 

but there are some species of mayfly that are actually somewhat 

pollution tolerant. 



Biological Monitoring Analysis 

How does the collection and identification of macroinvertebrates aid in 

determining overall water quality of a stream? The four scenarios below 

illustrate how density and diversity of macroinvertebrates in a stream can aid 

in determining the health or impairment of a stream. 

 
Scenario 1 

 

Observations of Water Quality Analysis 

Macroinvertebrates 

• High density 

• High diversity 

• Many sensitive taxa (stoneflies, 

caddisflies, mayflies) 

 

Scenario 2 

Observations of Water Quality Analysis 

Macroinvertebrates 

• Low density 

• High diversity 

 

 
Scenario 3 

  

Scenario 4 

Observations of Water Quality Analysis 

Macroinvertebrates 

• Low density or no invertebrates 

• Low diversity 

• Stream appears clean 

 

Observations of Water Quality Analysis 

Macroinvertebrates 

• High density 

• Low diversity 

 

 



Other Organisms to Consider 

As you begin your monitoring efforts, there are a few additional organisms 

for you to consider. Niangua Darters are small fish that are endangered in 

Missouri and federally threatened. Located in a few tributaries along the 

Osage River, their highest remaining populations can be found in the Niangua 

and Little Niangua rivers. Because the Niangua Darter spawns in riffles, 

kicking up macroinvertebrates can be detrimental to spawning and future 

populations. Consequently, do not conduct macroinvertebrate monitoring in 

the following streams from March 15 through June 15. 

 

Niangua River Watershed 

• Niangua River 

• Greasy Creek 

• Little Niangua River 
 

 
Sac River Watershed 

• Sac River 

• Bear Creek 

• Brush Creek 

• Panther Creek 

• North Dry Sac River 

Little Niangua River Watershed 

• Macks Creek 

• Starks Creek 

• Thomas Creek 

• Cahoochie Creek 

 
Tavern Creek Watershed 

• Tavern Creek 

• Barren Fork 

• Brushy Fork 

• Kenser Creek 

• Little Tavern Creek 

 
Other Streams 

• Pomme de Terre River 

• South Fork Pomme de Terre 

River 

• Little Pomme de Terre River 

• Maries River 

• Little Maries Creek 



Other Organisms to Consider 

Please be mindful of nuisance species, too. Some of the invasive species in 

Missouri’s streams include: 

 
• Zebra mussel 

• Chinese mystery snail 

• Rusty crayfish 

• Hydrilla 

 
To prevent spreading these species to even more streams, be sure to clean 

and dry your equipment, boots, and boats after being in the water. This is 

especially true if you monitor more than one stream. The table below 

provides guidelines on how to prevent the spread of these species from one 

stream to another. 

 

 

Technique Dura- 

tion 

Concentra- 

tion 

Solution Comments 

Vinegar 20 min. 100% I gallon of 

vinegar, no 

water 

Safety glasses and gloves 

should be worn. Corrosive 

to metal and toxic to fish 

Chlorine 10 min. 3% 4 oz of Before re-use, rinse with 

(6% house-  bleach and water but do not let the 

hold  1 gallon of solution runoff directly to a 

bleach)  water stream 

Air Drying 3-5 days NA NA Equipment must dry com- 

pletely 

Freezing 

<32° F 

24 hours NA NA Must be below 

freezing for duration of 

contact time 

Salt Bath 24 hours 1% 1/8 cup in 

1 gallon of 

water 

Equipment must be com- 

pletely submerged 



NOTES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



II II 

1. 

2. 

3. 

Stouefly Nymph 

Caddisfly Larva 

Mayfly 1ymph 

X X X X X 

X X X X 

X X X X X 

4a. Riffle Beetle Larva 

4b. Riffle Beetle Adult 

X X X X 

X X X X 

5. 

6. 

7. 

8. 

Water Penny Larva 

GilJed Snail (right-handed) 

Dobsonfly Larva (loellgrammite) 

Dragonfly  ymph 

X X X X X 

X X 

X X X X X X X 

X X X X X X X 

9. Sowbug 

10. AlderfJy Larva 

J1. Fishfly Larva 

12. Damselfly ymph 

13. Clam/ fossel 

14. Scud 

15. Other Beetle Larva 

16. Watcr. uipc Fly Larva 

17. Crane Fly Larva 

18. Crayfish 

19. Aquatic Worm 

20. Black Fly Larva 

21. Midge Fly Larva 

22. Leech 

23. Pouch Snail (left-handed) 

24. Other Snails 

X X X X X 

X X X X X X 

X X X X X X 

X X X X X X X X 

X X 

X X X X X X 

X X X 

X X X 

X X 

X X X X X X 

X 

X X X X 

X X X X 

X X X 

X X 

X X 

Key: 

x = present 

=sometimes present 

Aquatic Macroinvertebrates Characteristics Chart 

This chart was designed to aid in the identification of aquatic macroinvertebrates and is a supplement to the 

dichotomous key in Chapter 4 of your Introductory otebook, Stream Insects & Crustaceans "blue bug card" and the 

Key to Macroinvertebrate Life in the River. 

 Head Thorax Abdomen  
 

 
Other macroinvertebratcs you may encounter that are not included in our count/protocol. 

 

25. Planaria X   X     X              

26. Deer Fly/Horse Fly   X      X              
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2. Caddisfly Larva 3. Mayfly Nymph 
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5. Water Pe1111y Larw, 6. Gilled Snail (right-luuuled) 7. Dobso11fly Larwt 

(hellgrammite) 

 

 
 

 

 

 

 

8. Dragonfly Nymph 9. Sowbug 10. Alderfly 
L(ll'V(I 

11. Fishfly 

Lan,a 
12. Damselfly Nymph 

 

 

 

 

 

 

 

13. Clams/Mussels 14. Scud J5. Other Beetle Larvll 
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16. Waters11ipe Fly Larwt 19. Aquatic Worm 20. Black Fly 
L(lrll(I 

21. Midge F(y Larvll 

 

 

17. Crnne Fly Larva 
,66:t:to- > 
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22. Leech 23. Pouch Snail 

(left-handed) 

24. Other Snail 25. Plmwria 26. Deer Fly/Horse Fly 
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Stream Insects 
& Crustaceans 

GROUP ONE TAXA 
Pollution sensitive organisms found in good quality 

water 

 

S!onefly nymph: Order Plecoptera 118" - 1 112"; 

6 legs with.hooked tips; 2 hairliketails. Smooth (no 

gills) on abdmnen (see arrow). May have gills on 

thorax. under the legs_ 

 
2 Caddisfiy larva: Order·Trichoplera. Up to 1"; 

6 legs on thorax; 2 hooks al end of abdomen. May 

be 1na stick, rock,or leaf case with its head 

sticking out,May have fluffy gill h;fls- on lower half 

 

Mayfly nymph: OrderEphemeroptera. 114' - 1'; 

moving,platelike, or feathery gills on 

abdomen(see arrow); 6 large hooked tags; 

antennae; 2 or 3 long,hairlike tails_Tailsmay ba 

webbect together. 

 
Riffle Beetle·Order Coleoplera Adult: Tiny, 

6-leggedbeetle; crawls slowly on thebottom. 

Larva: Entire length of body covered with hard 

plates.; 6 legs on thorax; uniformbrown or black 

color. Combine number of adults & larvae when 

reporting total counts. 

 

Water Penny tarva. Order Coleoptera. 114'; flat 

saucer-shaped body, like a penny; segmented with 

6 liny legs underneath.Immature beetle_ 

 

Gilled Snail: Class Gastropoda. Shell opening 

coveredby thin pla!e called operculum. When 

pointed up and opening facing you, the shell 

opens lo righl Do not count emp!y shells. 

 

Dobsonfty larva (hellgrammite):Family 

Co,ydalidae_ 314" - 4'; dark-colored; 6 legs,large 

pinching jaws; eight pairs lateral filaments on lower 

half of body with paired cotlonlike gillluffs along 

underside of lateral filaments; short antennae; 2 

pairs of hooks at back end. 

 

 

GROUP TWO TAXA 
Somewhat pollution to/eranl organisms can be in good 

or fair qualify waler 

 
8 Dragonfly nymph: Suborder Anisoptera. 112"- 2"; 

targe eyes,6 hooked leg3_Wide oval to round. 
abdomen, masklike lower lip. 

 
9 Sowbug: Order· lsopoda. 114' - 3/4'; gray oblong 

body wider than1! is high, more than 6 legs, long 

antennae,lookslike a 'roly poly.' 

9 

:s :a i
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r:tes approx. minimum size. Combined solid and striped bar is approx. maximum size.~ Save Our  Streams 
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GROUP THREE TAXA 
Pollution tolerant organisms can be in any quality of 

walel 

19 Aquatic Worm/Horsehair Worm:Class- Oligochaeta/ 

Phylum Nemalomorpha_Aquatic wom1: 1/4"- 2''; 

can be very tiny, thin wormlike body.1-lmsehair 

Worm: 4"-27';slender, can be langted_ 

 
 
 
 

 

• J 1ttt fUllrltr IrOOJl!I I 1t!lrlllt,,tOI 

* '®#411:':! 

May be larger. 

GROUP TWO TAXA continued 

fO Alderfly larva: Family Sialidae_ 3/8"- 1'; looks like 
small hellgramrnite but has 1 long, thin, branched 
tail at end of abdomen (no hooks)_No gill tuft 
underneath the lateral filaments onabdomen_ 

11 Fishfty larva; Family Coryda/idae_ Up to 1 112": 

lateral filaments on abdomen_ Looks like.small 

hellgrammile but often a lighter reddish-tan color, or 

12 with yellowish streaks.No gill tufts underneath_ 

Damselfly nymph: Suborder lygoptera_ 1/2"- 1"; 

large eyes; 6 thin hooked legs; 3 broad oar-shaped 

tails (gills); body positioned like a tripod. Smooth 
(no gills) on sides of lower half of body (see arrow)_ 

13 Clam/Mussel: Class Biva/via_ Do not count empty 
shells_ 

14 Scud:OrderAmpliipoda_ 'l/4"-314'; whitelo gray, 
body higher than ii is wide; swims sidewa)'ll; more 
than 6 legs; resembles small shrimp_ 

15 other Beetle larva:OrderColeoptera, 114" -1'; 
light-colored; 6legs on upper half of body; feelers; 

antennae; obvious mouthparfa. Diverse group_ 

16  Watersnipe Fly larva: Family Alhericidae (Alherix). 
1/4" - I"; pale to gmen; tapered body;many 
calerpillar-like legs; conical head; two feathery 
'horns' at back end_ 

17 Crane Fly larva: Suborder Nematocem. 113" - 4' 
milky, green, or light brown; plump caterpitlar-like 
segmented body_May have enlarged lobe or fleshy 
fingerlikeextensions at the end of the abdomen_ 

18 Crayfsh: OrderOecapoda_ Up to 6"; 2 lar:ge claws. 

8 walking legs, resembles small lobster 

 
 
 
 

 

* 
 

 

 
 
 

 

Black Ry larva: Family Simulidae. 118"- 3/8'; one 

end of body wider_Black head,suction pad on end. 

 

Midge Ry larua: Suborder Nematocera Less than 

114"; distinct head; wormlike segmented body; pair 

of tiny prolegs under head and lipof abdomen_ 

Leech Order Hirudinea. 114' - 6'; flattened 

muscular body, ends with suction pads. 

23 Pouch Snail and Pond Snails Class Gastropoda. 

No operculum. Breathe air_ Shell usually opens on 

left. Do not count empty shells_ 

 
* 

lfl-B 
24 

 
24 Olher snails:Class Gastropooa. No operculum. 

Breathe air. Snail shell coils in one plane. Do not 

count empty shells_ 

~Solid bar indicates approx. minimumsize. Combined solid and striped bar is approx. maximum size.- 
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PVC Net Rack 

 
Materials 

• Three 10 foot sections of 1 inch PVC pipe 

• Four PVC elbows (1 inch - 90°) 

• Four PVC 'T' connectors (1 inch - 90°) 

• Two bolts (3 X 1/4 inch) 

• Three lock nuts (1/4 inch) 

• Four washers (1/4 inch) 
• Canvas 
• Heavy duty thread/ twine 
• Needle 
• PVC cleaner and glue 
• Tape measure 
• Hacksaw and scissors 
• Pliers 
• Drill and 3/8 inch bit 

 

 
Procedure 

1. Cut two 10ft. PVC pipes into one 4ft. section and two 3 ft. sections. 

 
2. Cut the third 10ft. PVC pipe into two 4 ft. sections. 

 
3. Steps 1-3 will give you the legs (4ft. sections) and the cross supports (3 ft. sections). 

 
4. Drill a hole in the 4ft pieces (2 ft. from the end). 

 
5. Connect the legs (4 ft. sections) with a bolt, washer and lock nut. 

 
6. Clean the ends of the legs and inside the 'T' connectar with pipe cleaner and wipe off. 

 
7.  Put the 'T' sections (bottom of the 'T') onto either end of two cross pieces and make sure 

the 'T's" are lined up the same way. Note: Do not glue these together. This allows you to 

dissemble the rack for transport. 

 
8. Apply PVC glue to both ends of the legs and inside the 'T' sections. 

 
9. Attach the 90° elbows to the other end of the legs. 

 
10. Cut the canvas to a length that will allow you to work off your bug rack at a comfortable 

height. Note: The shorter the canvas the taller the rack. 

 
11. Loop the ends of the canvas around the top cross bar to the desired length and sew canvas 

loop closed. 

 
12. Let the glue cure before use. 

Glue--> 

insert bolts, 

Glue-> 

,_ Conn•d Con 

Conr.e.tf  ) 



Attach w/ wood 

screws. 

screws. 

Attach w/ wood 

screws. 

screws. 

Attach w/ 

wood screws. 

Drill hole, insert 

bolts, nuts and 

washers. 

Drill hole, insert 

bolts, nuts and 

washers. 

Attach w/ wood 

screws. 

 
Wooden Net Rack 

 

Part Length 

Lumber 1x2 42" 

 
Lumber 1x2 

1-34
11 

1-36
11 

and 2- 

38" 

Drywa II Screws 13/4
11

 

Bolts wit lock 

nuts 
 

3" 

Canvas strips 6
11 

wide x 40
11 

long 

 
 

 



This Section 
for Shallow 
Water 

Add This 
Section for 
Deep Water 

 
Free Standing Net 

 

Item 

Number 
 

Part 
 

Length 
 

Quantity 

1 PVC 3/4" Tee  4 

2 PVC 3/4" Elbow  2 

 
3 

PVC 3/4" 

Upright 

 
8" 

 
2 

 
4 

PVC 3/4" 

Upright 
 

13" 
 

4 

 

5 

 

Cross Bar 

43" using 1 inch 

PVC 

 

2 

 

 

 
Slip Fit 



 
 
 

 
-+--- garden stake 

Plans for Freestanding Kicknet Support 

 
Materials 

 

Quantity Part Length Diameter 

4 Steel core, plastic-coated garden stakes 4ft 3/8" 

1 Clear vinyl tubing soft 6" 7/16" outside, 5/16" inside 

1 Long stretch bungee cord with hooked ends or rope 10"  

 
Procedure 

 
• Place a 3-inch piece of vinyl tubing onto the end of the garden stakes. 

• Wrap the stretch cord around both pieces of vinyl tubing and interlock the hooks to create a 

flexible joint. 

 

Practical Use 

 
• Guide the looped edges on opposite sides of the kicknet onto tow supports. 

• Lower the kicknet into the stream and step on the bottom edge to hold it in place in the flowing 

water. 

• Place large rocks on the submerged edge of the kicknet to hold it firmly on the stream bottom. 

• Position downstream supports to make a stable structure. 

• When removing the kicknet from the stream, grab the bottom edge as you remove the rocks to 

prevent the loss of the sample. 

 

 

Site Selection 
Before you start monitoring water quality, you must first select a site to monitor. 

 
Varying reasons for selecting a specific site 

• Factors to consider when selecting a stream site 



Water Table 

• How to identify your site on data submissions 

• How to acquire your biological monitoring equipment 

 
The diagram below describes three types of streams: 

• Perennial Streams are fed continuously by a water table and will flow all 

year long. 

• Ephemeral Streams exist above a water table. These streams only contain 

water after a precipitation or snow melt event. They are sometimes called 

wet-weather streams. 

•  Intermittent Streams receive groundwater flow only part of the year. The 

flow stops when the water table drops below the channel. 

Stream Team protocol is designed for perennial streams, or streams with 

continuous flow. 
 

 
 
 
 
 
 
 

 
There are some important factors to consider when selecting your site: 

 
Flow Requirement: The best monitoring locations have permanent water flow throughout the year. However, you can still use a 
stream site if it maintains pools that can support aquatic life during dry periods. This is important so that you will still be able to 
sample macroinvertebrates during dry periods. If a stream site completely dries up at any time of the year, it will not be a 
suitable monitoring location. 



Factors to Consider When Choosing a Site 

Another important factor to consider when selecting your site: 

• 300-Foot Section With at Least One Riffle: Your stream site should be 

approximately 300 feet long, about the same length as a football field, and 

not overlap with another stream site. If you decide to monitor two sites 

on the same stream, be sure the two sites do not overlap. Additionally, 

your proposed site should include at least one riffle. A riffle is where 

water breaks over rocks, indicating an elevation drop in the stream bed. 

Riffles provide an excellent environment when monitoring for 

macroinvertebrates. 

 
 

 



 

 
Other factors to consider when selecting your site include: 

• Goals: Choose a site that best reflects your personal goals for monitoring 

a stream. 

• Habitat: Choose a site that has suitable habitat. The best sites contain 

riffles. If riffles are not found, you may consider looking for alternative 

habitats such as a root mat or woody debris. 

• Point and Nonpoint Sources: If you are concerned about a point or 

nonpoint source of pollution, you may consider choosing two sites. One 

above and one below a potential pollution source. The upstream site can 

be used as a reference to compare downstream data. 

• Tributaries: To determine the impact of a single tributary, select sites 

above and/or below the confluence of the tributary. For example, 

consider the diagram of a proposed site below. The site sits downstream 

from a tributary and contains a riffle and a root wad. When monitoring 

your site, always use the same 300-foot stretch. By doing so, your efforts 

will produce reliable data. 

 

 
• Site Accessibility: You cannot monitor a site you cannot access. Whether 

your site is on private or public land, you will need to seek permission to 

access the stream. Use the Streamside Property Owner Permission 

Request (found on the stream team website at mostreamteam.org) to let 

a private landowner know who you are, what you are doing, and to gain 

permission to be on their property. To gain permission to monitor along 

public land, contact the area manager. 



Point Source Sub-watershed 

Site Selection Scenario 

Consider the diagram of a watershed and the proposed sites below where the 

black square indicates a point source for pollution. Then, complete the table 

by describing the rationale for choosing each proposed site. 
 

Watershed outlet Sub-watershed 

 

Proposed Monitoring Rationale for Monitoring Proposed Site 

 
Site 1 

 

 
Sites 2 & 3 

 

 
Sites 4 & 5 

 



Site Number and Description 

Once you have chosen an appropriate site to monitor, you will need to refer to 

the site each time you submit data: 

• Site Numbers are specific to each volunteer monitor. Even though the 

same site can be monitored by two different volunteers, each volunteer 

will have an independent number identifying it. For each volunteer 

monitor, these sites are numbered chronologically starting at Site #1. 

Everyone’s first site will be Site #1. If you decide to monitor an additional 

site or abandon your first site for another, the next site will be Site #2. 

• Site Descriptions enable Stream Team staff to locate your site on a map. It 

is important to be consistent with your site description each time you 

submit data. When describing your site, use the distance upstream or 

downstream from roadway crossings, distance and direction from major 

intersections, or distance and direction from permanent landmarks. For 

example, 300 feet downstream from Highway AA. Avoid using physical 

features such as trees or buildings as these are not on maps and can 

change. 

• Site Map: For each new site you monitor, you must submit a map with 

the monitoring site clearly marked and labeled along with your data for 

the new site. There are many online mapping tools to aid you: 

• Stream Team Interactive Map can be accessed at 

mostreamteam.org 

• Department of Natural Resources Interactive Map can be found at 

dnr.mo.gov 

• Google maps can be found at maps.google.com 

 
Below is an example of a map from the Stream Team website with the 

volunteer’s site marked on it. The required information listed on the map 

will ensure program staff are able to locate your site. 
 



Header Information 

All data sheets contain a header, which need to be filled out in its entirety or 

else data submission will be delayed. The header consists of the following 

required sections: 

• Site #: The site number is specific to the trained data submitter. Every 

monitor’s first monitoring site is Site #1. Additional sites monitored are 

numbered chronologically. 

• Stream: State the name of the stream you are monitoring. 

• County: This is the county your stream monitoring site falls within. Some 

streams cross county boundaries, so reference a map for the exact county 

of your site. 

• Site Location: Provide a physical description of the monitoring site which 

will allow staff to find the site on a map. 

• Date & Time: Date is required in month-day-year format. Time is required 

in military time. For example, 2 PM in military time is 1400 hours. 

• Rainfall: Provide amount of rainfall (in inches) for the 7 days preceding 

the monitoring date. This information can be measured with a rain gauge 

near the monitoring site or found online at: 

wunderground.com 

weather.com 

noaa.gov 

• Water Temperature: Record water temperature in degrees Celsius. 

Always take temperature measurements in the shade. Temperature is not 

required on the Initial Site Selection Form since thermometers are not 

issued to monitors until this form is submitted. 

• Trained Data Submitter: This is the name of the person responsible for 

the data who has completed the appropriate level of training. Only the 

trained data submitter may fill out the data sheets. 

• Participants: List the names of anyone who assisted in collecting the data. 

These individuals may be trained or untrained. 

• Stream Team Number: State the Stream Team of the trained data 

submitter. 



Header Information Scenario 

Consider the header information on this data sheet below. Identify 11 

inaccuracies of the submitted data. 

 
 
 
 
 
 
 
 

 
1. 

 

 
2. 

 

 
3. 

 

 
4. 

 

 
5. 

 

 
6. 

 

 
7. 

 

 
8. 

 

 
9. 

 

 
10. 

 

 
11. 



Required Information on All Data Sheets 

Each time you submit any data sheet, be sure to include the following 

required information. Data processing will be delayed if any information is 

missing from the data sheet header: 

• Stream Name 

• Site Number 

• Verbal Site Description 

• Date Monitored 

• Name of Trained Data Submitter 

• Stream Team number 



Stream Discharge 

 
Once a site has been determined, the next step in monitoring is to 

determine the volume and velocity of water flowing in your stream. This is 

called stream discharge. In this chapter, you will: 

• Define stream discharge 

• Understand the factors affecting discharge 

• Understand the importance of discharge 

• Measure stream discharge 

• Know how to use United States Geological Survey (USGS) Gage Stations 



What is Stream Discharge? 

Stream discharge is also referred to as flow. It measures the volume of water 

flowing past a given point in a given period of time. Stream discharge is 

expressed as a rate with two components: 

• Volume of water, expressed in cubic feet. 

• Time, expressed in seconds. 

 
For example, one cfs refers to one cubic foot of water flowing past a given 

point every second. 

Although it sounds difficult, calculating stream discharge is easy. The 

mathematical formula can be articulated as the cross-sectional area of a 

stream multiplied by the surface velocity of the water. 

 

 

 

Hydrographs 

A stream’s discharge changes over time. When stream discharge 

measurements are collected over time, they can be used to create a 

hydrograph. In the example below, time is represented on the X axis of the 

graph. The discharge is represented on the Y axis and is measured in cubic feet 

per second (cfs). This hydrograph shows the variation in discharges for 

different seasons of the year for the Meramec River near Eureka, MO. As you 

can see, the daily mean discharge in November of 2015 was 600 cfs, while the 

discharge in January was much higher at 170,000 cfs. 

 



Natural Factors Affecting Stream Discharge 

There are many natural factors that can affect the stream discharge: 

• Precipitation: The type and amount of precipitation determines how 

much water is introduced into the system and how quickly it is released 

over time. A downpour of rain will introduce a lot of water flowing into 

the system very quickly, whereas snow or ice will release the moisture 

more slowly into the system. 

• Streambank Slope: If the streambanks are steep, water will be confined 

to a smaller stream channel and will travel faster through the channel, 

resulting in an increased stream discharge after a storm event. With gently 

sloping streambanks, the influx of water after a storm event has more 

room to spread out. This slows the stream’s discharge. 

• Vegetation: Vegetation absorbs water and releases it to the atmosphere 

through evapotranspiration. It increases the water storage capacity of soil, 

making it like a sponge. This allows the soil to store water during dry 

periods and will increase your flow. Vegetation also adds surface 

roughness to the stream channel, streambanks, and flood plain, which will 

slow down the stream discharge. Removing vegetation from the land or 

replacing it with concrete removes that surface roughness and the 

absorption of water into the soil, allowing a dramatic increase in discharge 

in a short period of time. 

• Soil Type: Permeable soils, such as gravel and sand, allow greater 

absorption of water into the ground, regulating increased stream 

discharges and smoothing out the shape of a hydrograph. Impermeable 

soils, such as clay or bedrock, do not allow for absorption and act more 

like concrete, increasing stream discharge. 

• Channel gradient: High-gradient streams occur in steep topography, such 

as in areas of the Ozarks. Lower gradient streams tend to move water 

more slowly, while higher gradient streams move water faster. 

• Other Factors: Groundwater, springs, adjacent wetlands, and tributaries 

contribute to portions of the total flow of a stream and can be crucial 

during dry times. 



Anthropogenic Factors Affecting Stream Discharge 

Anthropogenic or man-made factors affect stream discharge. Land use, 

channelization, and dams can have a tremendous effect on water velocity and 

volume. 

For example, compare the two graphs below. The first one represents the 

normal storm flow for a stream in a natural, well-vegetated landscape, as it 

responds to a precipitation event. 

However, in an urban setting, vegetation is usually converted to streets, 

parking lots, and concrete. The second graph shows a blue line, which 

represents how an urban stream typically responds to a storm event. This type 

of stream is referred to as “flashy” because water enters and exits the stream 

much faster than streams in more vegetated areas. 

 
Normal Storm Flow Urban Storm Flow 

 

• Land Use: When vegetated areas and wetlands are converted to bare soil 

or impervious surfaces, the volume and rate of runoff and stream 

discharge dramatically increases during storm events. This leads to flashy 

streams. 

• Channelization: The straightening of a stream channel and removal of 

woody debris results in increased water velocity and erosional force. 

• Dams: These man-made (or beaver made) structures change the flow of 

water by slowing or detaining it. The release of water can fluctuate, 

dramatically altering the physical and chemical conditions both upstream 

and downstream of a dam. 



Stream Discharge and Stream Quality 

Stream discharge has a large effect on the physical, chemical, and biological 

characteristics of a stream: 

• Physical Features: The flow of water and other material changes the 

shape of the stream channel, the size of substrate in the streambed, and 

the types of riparian vegetation that are able to grow in or near the 

stream. These characteristics, in turn, influence the types of habitat 

available for aquatic life. 

• As water moves substrate in the streambed, it erodes streambanks and 

deposits material downstream, shaping the stream channel. Variability in 

a stream’s discharge influences the migration of the stream channel over 

time. 

• Stream Chemistry: Stream discharge also affects water chemistry. The 

flow transports sediment and debris. A large volume of fast moving water 

carries more sediment and larger debris than a small volume of slow 

moving water. High volume flows have greater erosional energy, while 

smaller and slower flows allow sediment to be deposited. The 

concentration of chemicals and sediment is also affected. Larger volumes 

of water will dilute chemical and sediment pollutants. Stream discharge 

can also affect dissolved oxygen and water temperature. Fast moving 

water will tumble over substrate, introduce atmospheric oxygen into the 

water, and raise the dissolved oxygen of the water. Smaller volumes are 

influenced more by temperature. Streams with smaller volumes of slow- 

moving water warm up faster in the sun. Hot water holds less oxygen than 

cold water. 

• Stream Biology: Stream discharge determines the types of habitat 

available for aquatic plants and animals. Streams with a variety of 

velocities can support a more diverse aquatic community. Additionally, 

fish like trout and salmon and pollution-sensitive macroinvertebrates 

require high concentrations of dissolved oxygen, low water temperatures, 

and gravel substrates to lay their eggs. Fish such as carp and catfish and 

pollution-tolerant macroinvertebrates can survive in warmer water and 

softer substrates. Variations in stream discharge also provide biological 

cues for aquatic life to complete their life cycles, including reproduction. 

Because of its effect on water quality, stream discharge is an important 

characteristic of any stream. It influences water chemistry and aquatic life, 

helps us to interpret other kinds of data collected at the stream, and can aide 

in determining the severity and extent of a pollutant entering a stream. For 

these reasons, we encourage monitors to measure stream discharge every 

time they visit a stream to collect data! 



Preparation for Measuring Discharge 

In order to calculate stream discharge for your site, you will need to gather 

some materials: 

• A Float (Wiffle Golf Ball)* 

• 100-Foot Tape Measure (10ths of a Foot)* 

• 2 Sticks or Metal Stakes 

• Depth Stick, Marked in 10ths of a Foot 

• Stopwatch or Watch with a Second Hand 

• 10-Foot Rope 

• Stream Discharge Data Sheet 

 
Select a safe and appropriate location within your stream site. Find a spot 

that is: 

• Straight and free of obstacles like sandbars, large rocks or trees 

• Has a noticeable current 

• Has a uniform depth across the streambed, if possible 

 
If you cannot find such a location in your 300-foot stream site, you can choose 

a location outside of your designated site in order to measure discharge. 

However, be sure there are no inputs or outputs such as tributaries or intake 

pipes between the site location and the discharge measurement location. 

Stay safe! If the stream flow is high (over your knees), with a noticeable 

current, do not risk taking discharge measurements. 

 
 



Stream Discharge Data Sheet 

The Stream Discharge Data Sheet is a valuable tool when calculating stream 

discharge. Double check that you have filled out the header information 

accurately. Incorrect information in the header can delay processing for the 

data you collect. Stream Discharge data should be collected every time you 

monitor your stream site. 

Instructions for calculating stream discharge can be found on this form. 
 

Please submit a discharge data sheet even if the flow is too high or too 

low to measure. Use your wiffle golf balls to determine if the flow is too 

low to measure (i.e. if you drop the wiffle ball and it doesn’t move, it’s 

too low.) Just check the box at the top of the form and send it in to us! 



Measuring Stream Discharge 

Stream discharge can be measured in just four basic steps: 

1. Determine Stream Width 

2. Determine Cross-Sectional Area 

3. Measure Surface Velocity 

4. Calculate Stream Discharge 
 



Stream Width 
 
 
 

 
The first step in calculating discharge is to determine the width of your 

stream. To do this, place two stakes at the edges of the flowing water on each 

side of the stream. Stretch and anchor the tape measure between the stakes 

so that it is taut and perpendicular to the flow. 

Sometimes, the flowing water is several inches from the edge of a 

streambank. Dead water, water that is not flowing, or eddies at the edge of a 

stream should not be counted when determining your stream width. Be sure 

to measure only where water is flowing. You may want to drop your wiffle ball 

on the water to determine if the water is flowing. 

You should move obstacles obstructing the flow in your stream, if you are 

able. If you do, be sure to move them downstream from where you are taking 

your measurement. 

Measure the stream width in feet to the 10th of a foot, not inches. To do 

this, be sure to use the correct side of your tape measure and record the 

width on the Stream Discharge Data Sheet. 

 

 



Cross-Sectional Area 
 
 
 

 
The next step is to determine the cross-sectional area of your stream. To do 

this, the depth of the stream is multiplied by the width of the stream: Area 

= Depth X Width. Unfortunately, stream beds are not flat and even. The 

depth of a stream varies along the bottom; often being shallower at the 

edges and deeper in the middle. Consequently, you will take several depth 

readings across the stream and calculate an average depth in order to 

determine the cross-sectional area. Use the following guidelines to 

determine the number of depth readings needed. 

 

Stream Width Depths Measurements 

< 20 feet Depth every 1 foot 

20 feet to 60 feet Depth every 2 feet 

60 feet to 90 feet Depth every 3 feet 

> 90 feet Depth every 4 feet 

 

 
Stream depth is measured in feet to the 10th of a foot, not inches. Make a 

depth stick out of a dowel rod using the correct side (tenths) of the measuring 

tape provided. 

When taking your depth readings, always stand downstream so your legs do 

not impede stream flow. With the tape measure still anchored to the stakes at 

the stream banks, measure the stream depth at the appropriate intervals 

across the transect. Do not measure on top of large rocks or other objects. 

You want to be sure you are measuring the stream bottom. Record each 

depth reading on the front of your Stream Discharge Data Sheet. 

Once all measurements have been taken across your stream, add all the 

depths and record the Sum of Depths. Divide the sum of depths by the 

number of depth intervals to determine your Average Depth. 



Cross-Sectional Area 

Once you have determined the average depth, determining the cross-sectional 

area is easy. Simply multiply the average depth by the stream width to 

calculate the cross-sectional area. The following example shows how the cross 

sectional area is determined on the Stream Discharge Data Sheet. 
 



Surface Velocity 

 

 
The third step of measuring stream discharge is to determine surface velocity. 

Velocity is expressed as a rate: distance per unit of time. To measure this, 

you will conduct a series of velocity float trials; measuring the time it takes for 

the wiffle ball to float downstream a certain distance. 

 
A minimum of four velocity float trials are required. Since we will also be 

taking an average of the velocity float trials, the greater number of 

measurements, the more accurate the average float time velocity will be. 

 
Use the following process to measure surface velocity: 

 
1. Select two points located equal distance upstream and downstream from 

the tape measure you have stretched across the stream. The distance will 

depend on the swiftness of the stream, usually 10 feet. In faster water, 

you may want this distance to be greater, while shorter in slow water. 

2. Record this distance in feet in the Distance Floated box on page 2 of the 

Stream Discharge Data Sheet. 

3. Place stakes, large rocks, or distinct sticks on each side of the stream to 

mark the start and finish lines of the float distance. 

4. Drop the wiffle golf ball upstream from the start point and record the time 

it takes to float from the start point to the finish point using a stop watch. 

5. Record each float time in seconds in the “Velocity Float Trials” column on 

your data sheet. Float trials should be spaced at equal increments across 

the stream width if possible, so that your floats represent the different 

velocities across the entire stream. 

6. Add all the float trials together and record the Sum of Float Trials. 

7. Divide this sum by the number of float trials to get an Average Float Time. 

8. Divide the Distance Floated (in feet), by the Average Float Time (in 

seconds), to get your Average Surface Velocity (in feet/seconds). 

9. Multiply the Average Surface Velocity by a correction value to make it 

represent the water velocity of the entire stream depth. If the stream 

bottom has rough loose rocks or coarse gravel, the correction value you 

use is 0.8. If the stream bottom is smooth, muddy, or is bedrock, the 

correction value you use is 0.9. This will give you the Corrected Average 

Stream Velocity (in feet/second). 



Surface Velocity 

The following example shows how the surface velocity is determined on the 

Stream Discharge Data Sheet (page 2). 

 



Calculate Stream Discharge 
 

The final step is the easiest! Simply multiply the Cross-Sectional Area from the 

front of your Stream Discharge Data Sheet, by the Corrected Average Stream 

Velocity from the back of your data sheet, to arrive at the Stream Discharge in 

cubic feet per second (cfs). Below is an example of the final calculation on a 

data sheet: 

 



4 Trials 

Minimum Number of Float Trials 

A Few Reminders 

• Measure depths of your stream in feet to the tenths of a foot. 

• No zero depths or float times are permitted. Only measure flowing water. 

• Double check to make sure you have recorded enough depths for your 

stream’s width: 
 

Stream Width Depths Measurements 

  

20 feet to 60 feet Depth every 2 feet 

60 feet to 90 feet Depth every 3 feet 

> 90 feet Depth every 4 feet 

• Double check to make sure you have recorded enough float trials for your 

stream: 

• Your distance floated does not have to be 10 feet. However, remember to 

record whatever distance you decide to use. We recommend at least 5 

feet for a minimum float distance. 

• Submit data sheet, including header information, even if flow is too low 

or too high to measure. 

• Read the directions on the data sheet to prevent errors in your 

calculations. You may want others to review your data sheet for accuracy. 

USGS Gaging Stations 

The United States Geological Survey maintains over 200 gaging stations on 

streams throughout Missouri. Many of these stations record stream discharge 

every day. Data is in real-time format and updated hourly. The site also 

includes an interactive map. You can use a gaging station for your stream 

discharge data if there is a station within a half mile of your site location AND 

there are no inputs or outputs between your site and the gaging station. Fill in 

the data sheet header and record the gage number and stream discharge at 

the time of sampling. 



 



Safety and Trespass 
Your safety is important. In this chapter, you will learn how to keep yourself 

healthy and safe when monitoring a stream site. Specifically, you will 

explore safety responsibilities in three main areas: 

• Precautions for your personal health 

• Sampling safety protocol 

• Trespassing 



Personal Health 

Keeping you healthy and safe as you monitor a stream begins by taking the 

right precautions: 

• Immunizations: Before monitoring your stream, check with your doctor 

or county health department to ensure you are up to date with the 

appropriate immunizations. 

• Foot Protection: Always wear some type of foot protection. Never go 

bare foot or wear sandals in a stream. Water boots or old tennis shoes 

provide good protection from sharp objects in a stream bed. 

•  Life Jacket: Always wear a life jacket when the depth of the stream is 

unknown. 

• Bug Repellent: Use a bug repellent to avoid bites that may lead to serious 

illness. 

• Guard Against Pathogens: Avoid water contact with your eyes, nose, 

mouth, or open wounds. Be sure to wash your hands thoroughly with soap 

and warm water before rubbing your eyes or bringing your hands to your 

mouth. 

 
 
 
 

 

Sampling Safety 

Think safety when monitoring your stream site: 

• Use common sense and maintain awareness of your surroundings and 

potential dangers. 

• Never put yourself or anyone else in jeopardy with a potential safety 

threat. 

• Never enter a stream when the current is swift and the depth of water is 

above your knees. The force from a strong current can easily cause you to 

lose your balance. 

• Use the buddy system. Tell someone where you are sampling and when 

you are expected to return. 



Sampling Safety 

Pay close attention to your surroundings as you monitor your streams. 

Hazardous Waste Drums: Volunteers may encounter chemical storage 

drums while in the field. Do not open, move, or relocate a drum until it is 

verified by authorities not to contain hazardous waste. If a volunteer 

removes a drum from a site, they now assume all responsibility for the 

drum and its contents, including fees for disposal and environmental risks. 

This may also interfere with any investigation to hold the appropriate 

parties accountable. Instead follow the procedures outlined below: 

1. Visually check to see if the drum is leaking, seeping gaseous 

fumes, or bulging. 

2. Look for a label. Labels should list the manufacturer, contents, 

hazards and other important information about the drum’s 

contents. If a label is not present, assume it is hazardous. 

3. Take photographs of the drum and label. 

4. Mark the area with a bright flag and a “Do Not Disturb” sign. 

5. Contact the 24 hour Environmental Emergency Response hotline 

at 573-634-2436. 



Sampling Safety 

Pay close attention to your surroundings as you monitor your streams. 

Methamphetamine Waste: Volunteers may encounter common 

household objects in the woods that are actually methamphetamine 

waste. If you find soda bottles, gas cylinders, coffee filters, batteries, 

matches, aluminum foil, decongestant pill packets, or bags of salt, do not 

touch or remove. Instead, document the location and report the waste to 

your local sheriff, police, or conservation agent. 



Chemical Safety 

Safety Data Sheet: Information on chemical 

composition, hazards, disposal, and 

ecological information of water quality 

monitoring chemical reagents can be found 

on Safety Data Sheets (SDS). Every chemical 

should come with an SDS. These can also be 

found on the Missouri Stream Team website. 

Always keep the SDS for all chemicals in an 

easily accessible location. 

 

 
Chemical Precautions: 

 



Trespassing 

Trespassing is against the law and can be dangerous. Stream Team volunteers 

and program staff do not have the right to trespass on private land. Although 

it can be tempting, never enter onto land without the owner’s permission. 

• First–degree trespass (RSMo569.140) states that a person commits the 

crime of trespass in the first degree if he or she knowingly enters and 

remains unlawfully in a building or upon real property. The property must 

be fenced or enclosed in a manner designed to exclude intruders and 

notice of trespass is given either by actual communication or by post. The 

penalty for first-degree trespass is jail or $500.00 maximum. 

• Second-degree trespass (RSMo 569.150) occurs when a person 

unknowingly enters unlawfully upon real property of another. In this 

instance, land does not need to be fenced, nor does the property owner 

need to post a No Trespassing sign. The penalty for second-degree 

trespass is a $200.00 maximum fine, but no jail. 



Posted Property 

Property owners can protect their land from trespassers in a number of 

different ways. The most common method is with posted signs. Volunteers 

should heed any signs such as No Trespassing, No Hunting, Posted, or Keep 

Out. 
 

Additionally, the Purple Paint Statue (RSMo 569.145) specifies how purple 

paint can be used by landowners to protect their property from trespassers. 

Even though the law specifies the use of purple paint on a post cap or a 

vertical line on a tree, volunteers should look for any purple postings such as 

bandanas, flags, etc. Assume when you see purple, it means keep out! 

 

 
Acquire landowner permission before you monitor. Explain your objectives 

and ask them for permission to be on their property. You should do the same 

when monitoring a stream in a public park or any state land by seeking 

permission from the appropriate authorities. 



 



Biological Monitoring 
A good way to monitor the water quality of a stream is to closely examine 

the biological diversity of its habitat. This chapter will introduce you to 

benthic macroinvertebrates and the important role they play in helping us 

understand the water quality of Missouri’s rivers and streams. Specifically, 

you will: 

• Understand the importance of biological monitoring 

• Identify pollution sensitive, somewhat tolerant, and tolerant 

macroinvertebrates 

• Identify the methods and processes to monitor the biological diversity 

of your stream 

• Analyze the data of benthic macroinvertebrates in your stream 



Benthic Macroinvertebrates 

What are benthic macroinvertebrates? By definition, macroinvertebrates are 

organisms without backbones which are visible to the human eye without the 

aid of a microscope. Aquatic macroinvertebrates are often regarded as 

benthic, which means they live on, under, and around rocks and sediment at 

the bottoms of lakes, rivers, and streams. Freshwater benthic communities 

may consist of fly and beetle larvae, mayflies, caddisflies, stoneflies, 

dragonflies, aquatic worms, snails, leeches, and numerous other organisms. 

Since these macroinvertebrates are important to the food chain in our rivers 

and streams, they play a vital role in a stream’s ecosystem. Their presence in 

a stream, or lack there of, is a good indicator of water quality and health of 

these ecosystems. There are many advantages to using macroinvertebrates as 

an indicator of water quality: 

 

 
• Non-Mobile: While fish will move if their habitats start to deteriorate, 

invertebrates are much more limited in their mobility. 

• Taxa with Different Pollution Tolerances: Invertebrates have different 

levels of sensitivity to pollution. They can be assigned to three categories: 

pollution sensitive, somewhat tolerant, and tolerant. This allows us to 

determine the condition of a stream based on their presence or absence. 

• Continuous Monitoring: Invertebrates are permanent residents of a 

stream. This makes them susceptible to pollutants present in the water 

and can reveal the impact pollutants have on the health of a stream over 

time. 

• Easy to Collect: Invertebrates are easy to collect. 

• Inexpensive Equipment: Chemical monitoring requires expensive and 

sometimes highly sophisticated equipment to analyze water samples. 

Biological monitoring only requires a kick net, forceps, and a small tray. 

• Easy to Identify: Although it seems difficult at first, with a little practice, 

people become very adept at identifying these organisms. 

• No Chemicals Needed: No chemicals are needed to conduct this type of 

monitoring. 



Taxonomic Classification 

Taxonomic classification is a hierarchical system for classifying organisms. The 

broadest classifications are by kingdom; the most specific classification is by 

genus and species. 
 

Taxonomic Classification 

Kingdom 

Phylum 

Class 

Order 

Family 

Genus 

Species 

How to Remember the Taxonomy 

King 

Phillip 

Came 

Over 

For 

Great 

Salmon 

 
With the exception of a few taxa, volunteers will generally identify organisms 

to the level of Order when conducting their biological monitoring. This is the 

typical taxa level that can be identified easily in the field without 

magnification. 

Pollution Tolerance 

The invertebrates you will be looking for can be categorized into three main 

groups: 

• Pollution Sensitive: These organisms are very sensitive to pollutants and 

will only be present in streams that have excellent water quality. 

• Somewhat Pollution Tolerant: These invertebrates can survive in streams 

with moderate impairment. 

• Pollution Tolerant: Organisms in this category are very tolerant of 

pollution and are the only organisms you will find in streams with severe 

impairment. Pollution tolerant organisms can be present in all streams, 

including those with excellent water quality. 

 
A useful resource for aiding in macroinvertebrate identification is Stream 

Insects & Crustaceans, or Blue Bug Card, adapted from the Izaak Walton 

League. Taxa are placed in three groups: Group One is pollution sensitive, 

Group Two is somewhat pollution tolerant, and Group Three is pollution 

tolerant. The Blue Bug card is located at the end of this chapter. 



Pollution Sensitive Taxa 

Pollution sensitive invertebrates are organisms that are very sensitive to 

pollutants and will only be present in streams with excellent water quality. 

Invertebrates that belong to this group include: 

• Mayfly Nymph 

• Stonefly Nymph 

• Caddisfly Larva 

• Riffle Beetle Larva and Adult 

• Water Penny Larva 

• Gilled Snail 

• Dobsonfly Larva (Hellgrammite) 



Head 

Thorax 

Wingpads Legs 

Abdomen 

Gills 

Tails 

Pollution Sensitive: Mayfly Nymph 

 
Distinguishing Features: 

• Plate-like, elongate, or feather-shaped gills located on the sides of the 

abdomen. 

• One hook (claw) at the end of each leg. 

• Most mayflies have three filament-like tails; some may have only two. 
 
 

 



“Hairy Armpits” Head 

Thorax 

 May see Gills 

on Thorax 

Abdomen 

No Gills 
Tails 

Pollution Sensitive: Stonefly Nymph 
 

 
Distinguishing Features: 

• Usually no gills on the abdomen. 

• “Hairy armpits.” Stonefly gills may look like hairs and are located under the 

legs on the thorax. 

• Two hooks (claws) at the end of each leg. 

• Stonefly nymphs have 2 tails. 

 



 
 
 

 

• 

Pollution Sensitive: Caddisfly Larva 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Distinguishing Features: 

• No tails; instead they 

have hook-like features 

called prolegs. 

• No wing pads. 

• Crunchy thorax; soft 

abdomen. 

• May build their own 

case made of sand 

grains or bits of leaves 

or twigs. 

Filament-like gills may 

be present on the 

underside of the 

abdomen. 

Crunch 
Case

 y 
thorax 

 Abdomen 

 Prolegs 

“Mmmm, 
Cream 
Filled” 

6 Legs 

Head 



Pollution Sensitive: Riffle Beetle 

 

 
Distinguishing Features: 

• Riffle beetles spend both 

their larval and adult life 

cycle in water. It is not 

uncommon to collect adults 

and larvae in net sets. 

Count the total of larvae 

and adults when recording 

these on the data sheet. 

• Riffle beetle larvae are tiny 

and elongate. The head and 

3 pairs of legs are visible; 

filamentous gills may 

emerge from the tip of the 

abdomen. The entire body 

is covered in hard plates. 

• Adult riffle beetles are very 

small, dark, and hard- 

bodied. They have relatively 

long legs and tarsal claws. 

Adults will crawl slowly on 

the bottom of your ice cube 



Head 

Legs 

Gills 

Pollution Sensitive: Water Penny 
 

 
Distinguishing Features: 

• Described as looking like a fish scale. 

• Body is covered with a hard, oval carapace 

• The head, legs, and gills are clearly visible on the underside of a water 

penny. 

• Water pennies are immature aquatic larvae; the adults are terrestrial 

beetles. 
 



Pollution Sensitive: Gilled Snail 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
Opening on 

right side 
 

 

Distinguishing Features: 

• When the snail is held point up, the opening is on the right side. 

• The opening is often covered by a hard, plate-like operculum. 

• Do not count empty shells on the data sheet 
 
 
 
 
 
 

 



Dichotomous Key 
Many resources are available to aid in identifying macroinvertebrates. The Key to 

Macroinvertebrate Life in the River is a simple dichotomous key with photos. A di- 

chotomous key is a tool that biologists use to help identify organisms by asking ques- 

tions about distinguishing characteristics. Use the Key to identify the invertebrate 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
1. Is there a shell? 

 
2. Does this organism have legs? 

 
3. How many pairs of legs does this organism have? 

 
4. Are wings present? 

 
5. Does this organism have an obvious tail? 

 
6. Use description and photo to identify this organism. 



Pollution Sensitive: Dobsonfly larva 

(Hellgrammite) 

Mandibles 
 
 
 
 
 
 

 
Lateral Filaments 

 
 

 
Gill Tufts 

 
 
 
 

 
Distinguishing Features: 

• Hellgrammites, the larval stage of the dobsonfly, are one of the largest 

invertebrates. 

• Large mandibles or pinchers used for feeding and mating. 

• Lateral filaments (slender appendages) along sides of abdomen. 

• Gill tufts located under the lateral filaments on abdomen. 

• 3 pairs of segmented legs 
 



Somewhat Pollution Tolerant Taxa 

Somewhat pollution tolerant invertebrates can survive in streams with 

moderate pollution impairment. Invertebrates that belong to this group 

include: 

• Crayfish 

• Sowbug 

• Scud 

• Alderfly Larva 

• Fishfly Larva 

• Damselfly Nymph 

• Dragonfly Nymph 

• Watersnipe Fly Larva 

• Crane Fly Larva 

• Other Beetle Larva 

• Freshwater Clam or Mussel 
 

 



Somewhat Pollution Tolerant: Crayfish 
 

Distinguishing Features: 

• One of the most recognizable macroinvertebrates. 

• There are 36 species of crayfish in Missouri. 

• If you find crayfish in your net, immediately record the number on your 

data sheet and return them to the water as this predator will consume 

other organisms on the net or in the sorting tray. 

• Crayfish are a keystone species in aquatic ecosystems; they eat everything 

and are in turn eaten by a great diversity of larger aquatic and terrestrial 

animals. 



Somewhat Pollution Tolerant: Sowbug 
 

 
Distinguishing Features: 

• A crustacean, similar to the crayfish. 

• Resembles its terrestrial cousin, the roly-poly or pill bug. 

• Flattened dorsoventrally from top to bottom. 

• Seven pairs of legs 
 

 



Somewhat Pollution Tolerant: Scud 
 
 

 

Distinguishing Features: 

• Many appendages on their abdomen. 

• Seven pairs of legs. 

• Several pairs of pinchers. 

• Segmented body. 

• Flattened laterally from side to side. 

• Also referred to as side swimmers. 



Somewhat Pollution Tolerant: Alderfly Larvae 

Mandibles 
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no gills under- 
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Single Tail with 
A-Shaped Base 

 
 

 
Distinguishing Features: 

• Although similar to the hellgrammite, an alderfly is much smaller. 

• Mandibles or pinching mouthparts. 

• No gills under lateral filaments. 

• Abdomen ends in a single filament that looks like a tail in the shape of a 

capital letter “A.” 
 

 



Somewhat Pollution Tolerant: Fishfly Larvae 
 

 
No Gills Under 

Filaments 
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8th 
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Distinguishing Features: 

• Presence of breathing tubes near the end of the abdomen which are used 

in lower oxygen conditions to get atmospheric oxygen . 

• No gills under lateral filaments. 

• Fishfly larvae are relatively smaller in size than the hellgrammite. 

• Fishfly larvae look similar to the hellgrammite, except gills are not present 

under the lateral filaments and they are smaller in size than the 

hellgrammite. 
 



Somewhat Pollution Tolerant: Damselfly nymph 

Long, nar- 
Large eyes 

 
 
 
 
 
 
 

 
3 pairs of long 

segmented legs 

row abdo- 
 
 
 
 
 
 

 
Oar Shaped Tails 

(Gills) 

 
 

 

Distinguishing Features: 

• Three broad oar or paddle-shaped gills at end of long, narrow abdomen 

which look like tails. 

• Body shape is elongate and 6 legs are long and spindly. 

• Extendible lower lip, or labium, for grasping prey. 

• Large eyes 
 
 

 

 



Somewhat Pollution Tolerant: Dragonfly nymph 

6 long legs Large eyes 
 

Wide abdomen that is oval, round, and or 

flat 

Distinguishing Features: 

• Dragonfly nymphs can have a 

wide range of body shapes 

based on species. 

• Long, segmented legs. 

• Long, folded lower labium or 

lip used for capturing prey. 

• Large eyes located on the 

front of their head. 

• Abdomen is wide and has an 

oval or round shape. 

• Abdomen may have a flat, 

leaf-like appearance. 

 



Somewhat Pollution Tolerant: 

Watersnipe Fly Larvae 

 
 
 
 
 
 

 

Distinguishing Features: 

• Watersnipe fly larvae can be identified by caterpillar-like prolegs on each 

body segment and two feathery horns at the end of the abdomen. 

• Medium size, about half an inch. 

• Worm-like appearance with distinct body segments. 

• Can be difficult to distinguish from other organisms such as horse flies 

and crane flies from the order Diptera. 

 
 
 

 

Watersnipe Fly Horse Fly 
 



Somewhat Pollution Tolerant: Crane Fly Larvae 
 
 

Distinguishing Features: 

• Very squishy segmented body. 

• Often appear transparent. 

• Common species found are quite large, up to several inches. 

• Abdomen ends in several finger-like lobes. A smaller species of crane fly 

has an abdomen that ends in an enlarged lobe resembling a turnip shape. 

 
 
 
 
 
 
 
 

 



Somewhat Pollution Tolerant: Other Beetle 

Larvae 
 

Besides riffle beetles and water pennies, volunteers may find the larvae of 

other aquatic beetles. If a volunteer finds something they cannot easily 

identify, use the Blue Bug Card or a dichotomous key. It may be identified as 

an other beetle larva in a process of elimination. Beetles are a diverse group 

and have features similar to other taxa counted on the data sheet. When 

reporting these, simply lump them together under the “Other Beetle” 

category on your data sheet. 

 
A few characteristics include: 

• 6 segmented legs 

• Visible mouth parts 
 



Somewhat Pollution Tolerant: 

Freshwater Mussels and Clams 

 
 
 
 
 
 
 
 
 
 
 
 

 
Nationwide, it is estimated that over 70% of native mussels are either 

threatened or endangered. Likewise, Missouri is facing similar declines in its 

native mussel populations. Native mussels and clams in Missouri include the 

maple leaf mussel and fingernail clam, so named because of its small, 

fingernail-like shape. The Asiatic clam is a foreign species to Missouri, 

although it has become very abundant in some watersheds. The Asiatic clam 

can typically be distinguished from native mussels by their symmetrical 

shape, centered umbo, and strong shell with many ridges. The zebra mussel 

is another non-native species in Missouri. They have distinctive stripes and 

unlike our other mussels, they attach themselves to any solid object, often 

forming extensive colonies that become a nuisance and negatively impact 

aquatic ecosystems. 

 

Asiatic Clam 
 
 
 
 

 
Volunteers are strongly encouraged to return all native clams and mussels to 

the stream as quickly as possible. Mussels must be placed upright in the 

substrate with the umbo pointed up. If you find an empty shell, do not count 

it on your Macroinvertebrate Data Sheet. 

Umbo 



Pollution Tolerant Taxa 
The following set of macroinvertebrates are pollution tolerant organisms. 

These organisms can be found in all river systems, both healthy and 

impaired. The abundance of tolerant invertebrates compared to the 

abundance of sensitive invertebrates is an important observation when 

determining the health of a stream: 

 
• Aquatic Worm 

• Midge Fly Larva 

• Black Fly Larva 

• Leech 

• Pouch Snail 

• Other Snail 



Pollution Tolerant: Aquatic Worm 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Distinguishing Features: 

• Segmented or unsegmented (horsehair worm). 

• Long and thin. 

• Often curl back around on themselves. 

• Aquatic worms are longer than midge fly larvae. 

• Count worms while picking from the net as they will become entangled 

and difficult to count from the tray. 



Pollution Tolerant: Midge Fly Larvae 
 

 

 
Distinguishing Features: 

• Very small larvae, usually less than 1/4 inch in length. 

• Head is visible when viewed with magnification. 

• Presence of two small prolegs located by the head and at the end of the 

abdomen. Prolegs are not segmented. 

• Slightly curved, segmented body. 



Pollution Tolerant: Black Fly Larvae 

 

 

Distinguishing Features: 

• Very small in size. 

• Will readily attach to side of sorting tray or other objects in water. 

• Wider on one end than the other( resembles a bowling pin), due to a ring 

on the posterior end of the animal used to attach itself to debris or rocks. 

• Filter feeder with two fan-like structures on the head used to collect food 

out of the water. 



Pollution Tolerant: Leech 

 

 
Distinguishing Features: 

• Suction cup-shaped mouth. Another suction pad is located on the 

abdomen. These suction pads are used as the leech moves by muscular 

contraction and expansion. 

• Long, flattened, muscular body 1-12 inches in length. 

• Often brown, black, or mottled in color. 

• Can be misidentified as a planarian. Planarians will have a tapered head, 

two eyespots, and have a gliding locomotion. The average length of a 

planarian is 0.5 inches while leeches can grow to several inches. 

 



Pollution Tolerant: Pouch Snail 
 
 
 
 
 
 
 
 
 
 

 
Opening on 

the left 

 

 
Distinguishing Features: 

• Pouch snails are sometimes referred to as left-handed snails since the 

shell opens to the left when the point of the snail is held upwards. 

• Also called lunged snails because they have a rudimentary lung to 

breathe air. 

• No operculum. 

• Do not count empty shells on data sheet. 



Pollution Tolerant: Other Snails 
 

Distinguishing Features: 

• Snails that are not conical-shaped with an opening to the left or right. 

• Shell will be coiled or look like a ram’s horn. 

• Do not count empty shells. 
 

 

Invertebrate Species Preservation 

Monitors may preserve specimens for aid in identification or as a reference 

collection. The preferred method of preservation is using ethyl alcohol 

(ethanol). Denatured alcohol with a high ethyl alcohol content may be used. 

See the Safety Data Sheet to determine alcohol content. If ethyl alcohol is not 

available, isopropyl alcohol (rubbing alcohol) may be used but is harsher on 

specimens. 

 
 Euthanize specimen in jar of 100% ethyl alcohol. 

 Place specimen in vial with 80% ethyl alcohol and 20% water. 

 Specimen may be placed in vial of hand sanitizer for easy viewing. This is 

best for small specimens. Instructions below: 

1. Euthanize specimen in alcohol. 

2. Fill vial part way with hand sanitizer; insert specimen 

3. Fill completely to top to avoid any air space between gel and cap; 

screw cap tightly. Use only for small specimens. 

4. Gel will break down and must be replenished occasionally. 



Sampling Methods: Equipment Needed 
To collect, sort, and analyze the invertebrates in your stream, you will need 

the following equipment: 

 
• 3’ X 3’ Net 

• Forceps* 

• Magnifying Lens 

• Sorting Pan or Tray 

• Squirt Bottle 

• Macroinvertebrate Data Sheet 
 
 

 

Biological Monitoring 
Macroinvertebrates should be sampled twice a year, once in the spring 

before the leaves appear and once in the fall before leaves drop. Sampling 

more often may destroy stream habitats. 

 
When conducting your biological sampling, you will collect three net sets for 

replication within your 300-foot site. It is preferable that each net set is 

collected from three different microhabitats. For example, if you are 

sampling from riffles, choose three different microhabitats: the bottom of a 

riffle, a riffle area with vegetation, and a riffle area with leaf packs. 



Habitat Types 

Stream Team protocol prefers you to sample the habitats in the following 

order. If you do not have a riffle, then look for a root mat next. If you fail to 

find one, then you can sample a snag or woody debris. Sample a non-flow or 

pool only as a last resort. 

 
Priority Order for Sample Habitats 

1. Riffles 

2. Root Mats 

3. Snags and Woody Debris 

4. Non-Flow and Pools 
 

 

Sampling Riffles 

A riffle is an area in your stream where water breaks over the rocks due to a 

gradient drop in the stream bed. This action incorporates atmospheric 

oxygen into the water which results in higher dissolved oxygen levels needed 

for invertebrates to thrive. A riffle provides a variety of microhabitats for a 

diverse community of organisms. 

 

Since Stream Team protocol requires samples from three microhabitats, start 

with the most downstream microhabitat and work your way upstream. This 

prevents disturbing the other locations you will be sampling. 

 



Sampling Riffles 

Follow the process to collect samples of invertebrates in a riffle: 

 
1. Place net in riffle. 

2. Ensure bottom of net is on stream bottom and stretched taut side to 

side. 

3. Weigh down the bottom of the net with large rocks. 

4. Rub any large rocks in the sample area over the net, then set aside. 

5. Agitate the stream bottom directly in front of the net in a 3’ X 3’ area, 

disturbing the substrate 3 to 6 inches deep. (Benthic Boogie!) 

6. Remove and rub rocks weighing down the net. 

7. Slowly lift the net from the stream, ensuring water does not pour over 

the sides. 

8. Move the net to land to pick, sort, and identify invertebrates. 
 
 

 

 

 



Sampling Root Mats 

Root mats are the fibrous roots from vegetation that hang over a stream 

bank and into the water. Damselflies, dragonflies, mayflies, caddisflies, and 

midges are common in root mats. Use the following process to sample 

macroinvertebrates from root mats: 

 
1. Place net downstream of root mat. 

2. Kick and swirl water through roots into the net. 

3. Slowly lift the net from the stream, ensuring water does not pour over 

sides. 

4. Move the net to land to pick, sort, and identify invertebrates. 
 

 

 



Sampling Snags and Woody Debris 

If your site has no riffles or root mats, you can sample snags or woody debris. 

When tree limbs, logs, and sticks fall into a stream and begin to decompose, 

the material becomes soft and provides a microhabitat for invertebrates. 

Follow the process below when sampling snags or woody debris: 

 
1. Place net below the woody debris. 

2. Scrub the debris using a brush. 

3. Slowly lift the net from the water. 

4. Move the net to land to pick, sort, and identify invertebrates. 

5. Repeat steps 1 to 4 to sample three to five snags for one net set. 



Sampling Non-Flow 

If no other habitats exist at your monitoring site, you can sample in pools or 

non-flow areas. Use a D-net and the following process to collect your samples 

from these microhabitats: 

 
1. Hold D-frame net downstream of where you stand in the water. 

2. Shuffle feet to disturb substrate 6-12’’ deep if possible. 

3. Sweep net side to side or in a circular motion just above substrate. 

4. Repeat as you shuffle upstream, sampling a 3' by 3' area of stream 

bottom 

 

 

Sampling Tips 

• Prioritize habitats to monitor according to stream team protocol: 

 
1. Riffles 

2. Root Mats 

3. Snags and Woody Debris 

4. Non-flow or pools 

 
• Collect samples in an upstream direction. 

• Do not collect invertebrates from disturbed areas. 

• Be consistent in the habitats you sample. 

• Sample macroinvertebrates twice a year; once in the spring and once in 

the fall. 

 
 
 
 
 

 



Completing the Macroinvertebrate Data Sheet 

After you have collected a sample, begin the process of sorting, identifying, 

and counting each type of invertebrate. Record your findings on the 

Macroinvertebrate Data Sheet. This process will be repeated for each of the 

three net sets: 

 
1. Remove invertebrates from the net and place them into your sorting 

tray. 

2. Record the time spent removing invertebrates. 

3. Identify invertebrates. 

4. Count invertebrates and record your findings on the data sheet. 

 
As with every data sheet you submit, be sure the header information is filled 

out entirely. For each of the three net sets, you will record the Habitat Type 

and select the Net Type you used. Record the amount of time it took to pick 

invertebrates from the net and the number of people that helped. Identify 

the organisms in the sorting tray and record the quantity of each variety 

found. After all three net sets have been completed, circle the number in the 

far right column called Score. If the taxa was present in any of the three net 

sets, circle the corresponding number. Once all data has been recorded, add 

up the scores to get the final water quality rating. 



Factors Affecting Biological Water Quality Rating 

There are many factors that affect the biological water quality rating. Some 

of these include: 

 
• Substrate: The type of habitat the stream provides will affect the rating. 

Silt and sand-bottomed streams will generally have lower ratings than 

cobble-bottomed Ozark streams due to poor habitat availability. 

• Discharge, Depth and Velocity: Sensitive organisms prefer water with 

some velocity because it helps to keep oxygen levels high. Too much 

velocity though, can result in a lower water quality rating. An example of 

this would be when rain events generate deep, fast flows in which 

organisms can be swept away. 

• Season: Many invertebrates are insect larvae and emerge at varying 

times of the year. If you conduct your biological monitoring when they 

are in the adult stage, your rating will be lowered. 

• Water Temperature: Very warm streams, like those with no riparian 

corridor or those in urban areas that are partially paved, will not hold 

much oxygen and will not support aquatic life. 

• Stream Size: Invertebrate communities are dependent on the 

characteristics associated with stream size. 

• Water Chemistry: A balance of chemical constituents must be 

maintained to support aquatic life. Imbalances will result in changes in 

the stream that will alter what organisms can live there. Certain 

chemicals are toxic and if present in large enough quantities, will kill all 

life in a stream. 

• Physical Factors: Habitat, flow, and rates of soil erosion are all physical 

factors that affect aquatic life. Poor ratings can often be attributed to 

physical problems in the stream. 

• Level of Taxonomy: Our program identifies many macroinvertebrates to 

class, order, and family based on ability to identify stream-side. A 

general pollution sensitivity is assigned to this level. However, a given 

taxa may have a genus or species more tolerant than others. For 

example, mayflies are considered pollution sensitive on the data sheet, 

but there are some species of mayfly that are actually somewhat 

pollution tolerant. 



Biological Monitoring Analysis 

How does the collection and identification of macroinvertebrates aid in 

determining overall water quality of a stream? The four scenarios below 

illustrate how density and diversity of macroinvertebrates in a stream can aid 

in determining the health or impairment of a stream. 

 
Scenario 1 

Observations of Water Quality Analysis 

Macroinvertebrates 

• High density 

• High diversity 

• Many sensitive taxa (stoneflies, 

caddisflies, mayflies) 

 

Scenario 2 

Observations of Water Quality Analysis 

Macroinvertebrates 

• Low density 

• High diversity 

 

 
Scenario 3 

  

Scenario 4 

Observations of Water Quality Analysis 

Macroinvertebrates 

• Low density or no invertebrates 

• Low diversity 

• Stream appears clean 

 

Observations of Water Quality Analysis 

Macroinvertebrates 

• High density 

• Low diversity 

 

 



Other Organisms to Consider 

Please be mindful of nuisance species, too. Some of the invasive species in 

Missouri’s streams include: 

 
• Zebra mussel 

• Chinese mystery snail 

• Rusty crayfish 

• Hydrilla 

 
To prevent spreading these species to even more streams, be sure to clean 

and dry your equipment, boots, and boats after being in the water. This is 

especially true if you monitor more than one stream. The table below 

provides guidelines on how to prevent the spread of these species from one 

stream to another. 

 

 

Technique Dura- 

tion 

Concentra- 

tion 

Solution Comments 

Vinegar 20 min. 100% I gallon of 

vinegar, no 

water 

Safety glasses and gloves 

should be worn. Corrosive 

to metal and toxic to fish 

Chlorine 10 min. 3% 4 oz of Before re-use, rinse with 

(6% house-  bleach and water but do not let the 

hold  1 gallon of solution runoff directly to a 

bleach)  water stream 

Air Drying 3-5 days NA NA Equipment must dry com- 

pletely 

Freezing 

<32° F 

24 hours NA NA Must be below 

freezing for duration of 

contact time 

Salt Bath 24 hours 1% 1/8 cup in 

1 gallon of 

water 

Equipment must be com- 

pletely submerged 



 



1. 

2. 

3. 

Stonefly Nymph 

Caddisfly Larva 

Mayfly Nymph 

X X X X X 

X X X X 

X X X X X 

4a. Riffle Beetle Larva 

4b. Rillie Beetle Adult 

5. Water Penny Larva 

6. Gilled Snail (right-handed) 

7. Dubsonfiy Larva (hellgrammite) 

8. Dragonfly Nymph 

9. Sowbug 

10. Alderfly Larva 

11. Fishfly Larva 

12. Damselfly Nymph 

13. Clam/Mussel 

14. Scud 

15. Other Beetle Larva 

16. Watersnipe Fly Larva 

17. Crane Fly Larva 

18. Crayfish 

19. Aquatic Worm 

20. Black Fly Larva 

21. Midge Fly Larva 

22. Leech 

23. Pouch Snail (left-hanclecl) 

24. Other Snails 

X X X X 

X X X X 

X X X X / X 

x X 

X X X X X X X 

X X X 

X 

X X X X 

X X X X 

X X X X X X 

X X X X X X 

X X X X X X X X 

X X 

X X X X X X 

X / X X 

X X X 

X X 

X X X X X X 

X 

X X X X 

X X X X 

X X X 

X X 

X X 

Key: 

x = present 

= sometimes present 

Aquatic Macroinvertebrates Characteristics Chart 

This chart was designed to aid in the identification of aquatic macroinvertebrates and is a supplement to the 

dichotomous key in Chapter 4 of your Introductory Notebook, Stream Insects & Crustaceans "blue bug card" and the 

Key to Macroinvertebrate Life in the River. 

 Head   Thorax Abdomen  
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Other macroinvertebrates you may encounter that are not included in our count/protocol. 
 

25. Planaria X   X     X              

26. Deer Fly/Horse Fly   X      X              
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16. Watersnipe Fly Larva 18. Crayfish 

 
 

 
17. Crane Fly Larva 

19. Aquatic Worm 20. Black Fly 

Larva 

21. Midge Fly Larva 

 

 

22. Leech 23. Pouch Snail 

(left-handed) 
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24. Other Snail 25. Plmwria 26. Deer Fly/Horse Fly 



Stream Insects 
& Crustaceans 

GROUP ONE TAXA 
Pollution sensitive organisms found in good qualify 

water 

 

Slonefly nymph· OrderPlecoptera 118" -1112"; 

6 legs with hooked tips; 2 hairliketails. Smooth (no 

gills) on abdomen (see arrow). May have gills on 

thorax under the legs. 

 
2 Caddisfiy larva Order Trichoptera Up to 1"; 

6 legs on thorax; 2 hooks al end of abdomen. May 

be ina stick, rock, or leaf case with its head 

sticking out. May have fluffy gill lulls on lower half 

 

Mayfy nymph Order Ephemeroplera. 114' - 1", 

moving,platelike, or feathery gills on 

abdomen (see arrow); 6 large hooked legs; 

antennae; 2 or 3 long, hairliketails. Tailsmay be 

webbed together. 

 
Riffle Beetle·Order Coleoptera Adult: Tiny, 

6-legged beetle; crawls slowly on thebottom. 

Larva: Entirelength of body covered with hard 

plates; 6 legs on thorax; uniform brown or black 

color. Combine number of adults & larvae when 

reporting total counts. 

 
Water Penny larva.-Order Coleoptera. 114"; flat 

saucer-shaped body, like a penny; segmented with 

6 tiny legs underneath.Immaturebeetle. 

 

Gilled Snail Class Gastropoda. Shell opening 

covered by thin plate called operculum. When 

pointed up and opening facing you, the shell 

opens to right. Do not count empty shells. 

 

Dobsonfiy larva (hellgrammite): Family 

Corydalidae. 314" - 4"; dark-colored; 6 legs, large 

pinching jaws; eight pairs lateral filaments on lower 

half of body with paired cotlonlike gill tufts along 

underside of lateral filaments; short antennae; 2 

pairs of hooks al back end. 

 

GROUP TWO TAXA 
Somewhat pollution tolerant organisms can be in good 

or fair qualify waler 

 

8 Dragonfly nymph: Suborder Anisoptera. 1/2" - 2"; 
large eyes,6 hooked legs. Wide oval to round 
abdomen, masklikelower lip. 

 

9 Sowbug: Order lsopoda. 114" - 314"; gray oblong 

body wider thanii is high, more than 6 legs, long 

antennae, lookslikea 'roly poly.· 
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GROUP TWO TAXA continued 

10 Alderfly larva Family Sia/idae. 3/8"-1"; looks like 

small hellgrammite but has1 long, thin, branched 
tail at end of abdomen (no hooks). Nogill tuft 
underneaththe lateral filamentson abdomen. 

11 Fishfly larva: Family Corydalidae. Up lo 1 112"; 
lateral filaments on abdomen. Looks like small 
hellgrammile but often a lighter reddish-Ian color, or 

12 with yellowishstreaks. No gill tufts underneath. 
10 Damselfly nymph: Suborder Zygoptera. 112"- 1"; 

large eyes; 6 thinhookedlegs; 3 broad oar-shaped 
tails (gills); body positionedlikea tripod. Smooth 
(no gills) on sides of lower half of body (see arrow) 

13 Clam/Mussel Class Bivalvia. Do not count empty 

shells. 

14 Scud: OrderAmphipoda. 114"-314";whitelo gray, 
bodyhigher than ii is wide; swims sideways; more 

than 6 legs; resembles small shrimp. 

15 other Beetlelarva:OrderColeoptera 114" -1"; 
light-colored;6 legs onupperhalf of body; feelers; 
antennae;obvious moulhparls. Diverse group. 

16 WalersnipeFly larva:Family AI/Jericidae (Alherix). 
1/4" - 1"; pale lo green; taperedbody; many 
caterpillar-like legs; conical head; two feathery 
'horns' at back end. 

17 Crane Fly larva: Suborder Nematocera. 113" - 4'; 

milky, green, or light brown; plump caterpillar-like 
segmented body. May have enlargedlobe or fleshy 

fingerlike extensions at the endof the abdomen. 

18 Crayfish: Order Oecapoda. Up to 6"; 2 large claws, 

8 walking legs, resembles small lobster. 

 

 

 

 
* 

GROUPTHREE TAXA 
Pollution lo/eranl organisms can be in any quality of 

wafel 

19 Aquatic Worm/Horsehair Worm: Class O/igochaeta! 

Phylum Nematomorpha. Aquatic worm: 114"- 2"; 

canbe very tiny, thinwormlike body.Horsehair 

Worm: 4"-27";slender, can betangled. 

 
Black Fly larva: Family Simulidae. 118"- 3/8"; one 

end of body wider. Blackhead, suctionpadon end. 

21 Midge Fly larva: Suborder Nemalocera Less than 

114"; distinct head; wormlike segmented body;pair 

of tiny prolegs under head and tipof abdomen. 

22 Leech Order Hirudinea. 114" - 6"; flattened 

muscular body, ends with suctionpads. 

23 PouchSnail andPond Snails Class Gastropoda. 

Nooperculum. Breathe air.Shellusually opens on 

left. Do not count empty shells. 

 
22 
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* May be larger. 

- 

24 Other snails:ClassGastropoda. No operculum. 

Breathe air. Snail shell coils in one plane. Do not 

count empty shells. 

* 



PVC Net Rack 

 
Materials 

• Three 10 foot sections of 1 inch PVC pipe 

• Four PVC elbows (1 inch - 90°) 

• Four PVC 'T' connectors (1 inch - 90°) 

• Two bolts (3 X 1/4 inch) 

• Three lock nuts (1/4 inch) 

• Four washers (1/4 inch) 
• Canvas 
• Heavy duty thread/ twine 
• Needle 
• PVC cleaner and glue 
• Tape measure 
• Hacksaw and scissors 
• Pliers 
• Drill and 3/8 inch bit 

 

 
Procedure 

1. Cut two 10ft. PVC pipes into one 4ft. section and two 3 ft. sections. 

 
2. Cut the third 10ft. PVC pipe into two 4 ft. sections. 

 
3. Steps 1-3 will give you the legs (4ft. sections) and the cross supports (3 ft. sections). 

 
4. Drill a hole in the 4ft pieces (2 ft. from the end). 

 
5. Connect the legs (4 ft. sections) with a bolt, washer and lock nut. 

 
6. Clean the ends of the legs and inside the 'T' connectar with pipe cleaner and wipe off. 

 
7.  Put the 'T' sections (bottom of the 'T') onto either end of two cross pieces and make sure 

the 'T's" are lined up the same way. Note: Do not glue these together. This allows you to 

dissemble the rack for transport. 

 
8. Apply PVC glue to both ends of the legs and inside the 'T' sections. 

 
9. Attach the 90° elbows to the other end of the legs. 

 
10. Cut the canvas to a length that will allow you to work off your bug rack at a comfortable 

height. Note: The shorter the canvas the taller the rack. 

 
11. Loop the ends of the canvas around the top cross bar to the desired length and sew canvas 

loop closed. 

 
12. Let the glue cure before use. 

Glue--> 

insert bolts, 

Glue-> 

,_ Conn•d Con 

Conr.e.tf  ) 



Attach w/ wood 

screws. 

screws. 

Attach w/ wood 

screws. 

screws. 

Attach w/ 

wood screws. 

Drill hole, insert 

bolts, nuts and 

washers. 

Drill hole, insert 

bolts, nuts and 

washers. 

Attach w/ wood 

screws. 

 
Wooden Net Rack 

 

Part Length 

Lumber 1x2 42" 

 
Lumber 1x2 

1-34
11 

1-36
11 

and 2- 

38" 

Drywa II Screws 13/4
11

 

Bolts wit lock 

nuts 
 

3" 

Canvas strips 6
11 

wide x 40
11 

long 

 
 

 



This Section 
for Shallow 
Water 

Add This 
Section for 
Deepwater 

 
Free Standing Net 

 
 

Item 

Number 
 

Part 
 

Length 
 

Quantity 

1 PVC 3/4" Tee  4 

2 PVC 3/4" Elbow  2 

 
3 

PVC 3/4" 

Upright 

 
8" 

 
2 

 
4 

PVC 3/4" 

Upright 

 
13" 

 
4 

 

5 

 

Cross Bar 

43" using 1 inch 

PVC 

 

2 

 

 

 
Slip Fit 



 
 
 

 
-+---gardenstake 

 
Plans for Freestanding Kicknet Support 

 
Materials 

 

Quantity Part Length Diameter 

4 Steel core, plastic-coated garden stakes 4ft 3/8" 

1 Clear vinyl tubing soft 6" 7/16" outside, 5/16" inside 

1 Long stretch bungee cord with hooked ends or rope 10"  

 
Procedure 

 

• Place a 3-inch piece of vinyl tubing onto the end of the garden stakes. 

• Wrap the stretch cord around both pieces of vinyl tubing and interlock the hooks to create a 

flexible joint. 

  stretch cord 

 
Practical Use 

 
• Guide the looped edges on opposite sides of the kicknet onto tow supports. 

• Lower the kicknet into the stream and step on the bottom edge to hold it in place in the flowing 

water. 

• Place large rocks on the submerged edge of the kicknet to hold it firmly on the stream bottom. 

• Position downstream supports to make a stable structure. 

• When removing the kicknet from the stream, grab the bottom edge as you remove the rocks to 

prevent the loss of the sample. 

 

rock .kicknet 



MappingandOnlineTools 

The stream site you monitor is just part of a much larger system. When 

analyzing stream health, it is important to take a holistic view by considering 

the entire watershed. This chapter will introduce you to: 

• The importance of watershed mapping 

• How to interpret topographic maps 

• Utilizing online tools 



Importance of Watersheds 

Knowing the boundaries of the watershed in which your stream site is located 

allows you to see the big picture when analyzing the health or impairment of a 

stream. Everything that occurs within a watershed affects the water resources 

in it. A healthy stream is a good indicator of a healthy watershed. 

For example, consider the differences between natural and urbanized 

environments. Natural environments have a slower rate of overland flow due 

to plants, trees, and vegetation. This allows for the filtering of water before it 

enters a stream and a greater recharge of groundwater. Urbanized 

environments with concrete and other infrastructure has rapid overland flow. 

This results in higher runoff, no filtering and little or no groundwater recharge. 

Mapping the watershed of your stream site has many benefits. It can help 

identify sources of pollution, aid in locating optimal monitoring sites, provide 

information to educate your local community leaders, and provide a sense of 

value. If your site is located in a large watershed, you may want to consider 

mapping a limited portion of it so it is more manageable. Once mapped, you 

can identify how the land within its boundaries is used and how this will affect 

your sampling results. 
 



Topographic Maps 

Because a watershed is defined by the topography of the land, a topographic 

map will be your best resource in defining the watershed for your stream site. 

Topographic maps represent a specific area of land or quadrangle; a four-sided 

region bounded by a particular latitude and longitude. These maps use contour 

lines to show the shape of the earth’s surface. The contour lines make it 

possible to show the elevation and shape of mountains, hills, and the 

steepness of slopes. Maps are drawn to a scale that represent distance. This is 

a ratio comparing a measurement on the map to the distance you would find 

in real life between two points. Topographical maps will also use symbols to 

show boundaries, surface features, building, roads, railroads, and 

communication features. The following symbols are often used on a 

topographical map: 

 

 

 



Parts of Topographic Maps 

The most striking feature of a topographic map is the contour lines. These 

lines show the elevation of the earth’s surface. Notice that these lines will 

never cross on a map. Some contour lines are marked with a specific 

elevation. You can determine the elevation of the unmarked intermediate 

contour lines by using the contour interval printed in the margin of a map. 

When contour lines are close together, it indicates steep terrain. When these 

lines are drawn further apart, there is a more gentle slope to the terrain. 

 
 
 
 
 
 
 
 
 

 

 
 
 

 
The Rule of the V: When contour lines cross a river or stream, they form a “V” 

shape that always points upstream. This helps you determine the direction of 

flow in a stream. The Rule of the V’s also applies to ridges. The top of a ridge is 

shown as an enclosed shape, like an irregular oval. As contour lines extend 

out from the ridge, they often form rows of parallel “V’s” that point downhill 

towards lower elevations. Other features like forests, water features, town, 

and roads are depicted on topographic maps. 



Translating Topographic Maps 

It is sometimes difficult to translate the contour lines on a two dimensional 

map to what a specific landscape might look like in three dimensions. The 

illustration below might help. Imagine you are standing where the X is marked 

on the topographical map on the left and looking north. The picture on the 

right demonstrates the landscape you would see. 



Watershed Mapping 

Steps for delineating a watershed: 

1. Mark monitoring site with a star. 

2. Trace the stream and tributaries in blue upstream from the 

monitoring. 

3. Mark ridge tops around the stream and tributaries with an X. 

4. Connect the Xs following the contour lines. 

 



Visual Survey 

Visual Survey is the physical assessment of a stream site. This assessment 
helps to interpret water quality data and determine if there are observable 
problems in or around the stream. 

In this chapter, you’ll learn how to characterize the environment through 
which your stream flows. Specifically, we will cover the characteristics of the 
following parts of the watershed and stream: 
• Floodplain 

• Riparian cover 

• Streambank 

• Streambed 

• Other assessments 



Visual Survey 

The purpose of visual survey is to record observations of the environment in and 
around the stream. These characteristics have a large affect on the water quality 
of your stream. 

By documenting conditions using Visual Survey, we can look at changes in the 
watershed and stream over time, which help get a better understanding of how 
water quality responds to those changes. 

Visual survey is conducted two times per year. 

• Once with foliage present, around 
September or early October 

• Once with foliage absent, around February or March 

These are also the times we recommend doing biological monitoring. 

Visual survey should be completed along the same stretch of stream each time that 

data is collected. 

 

 

 

Visual Survey Data Sheet 

 
This data sheet is subjective. If you monitor with a team, have the same 

person make the determination for the values for every monitoring trip. 

As with all data sheets, the first section is the header information. This section 

is covered in the Site Selection chapter. 

Many of the sections on the Visual Survey data sheet are for entering 

percentages for what is present in each part of the watershed or stream. 

These percentages should add up to 100%. 



 
 
 

A floodplain is the flattened portion of a stream valley susceptible to flooding. 

This extends from riparian zone to bluff on both sides of the stream. In many 

streams you will not see the bluffs from the water. 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
On the Visual Survey data sheet, you will assess the floodplain for the 

following land use: 

• Industrial 

• Commercial 

• Residential 

• Pasture/Hayfields 

• Row crops 

• Woods 

• Other (please specify) 



Unimpacted Floodplain 

Floodplain 

Unimpacted Floodplain 

In an “unimpacted” floodplain, land use has not negatively impacted water 

quality. 

• The floodplain has a stair-stepped appearance due to normal intensity 

high water events. 

• The riparian corridor is vegetated. 

• Streambanks are gently sloping. 

• Streambed is narrow with varying water depths. 
 
 
 
 
 

 



 

 
Moderately Impacted Floodplain 

In a moderately impacted floodplain, land use may affect the water quality of 

the stream, but the floodplain is still in good condition. 

• The possibility of nutrient and sediment loading is increased by crop 

management practices and animal production activities. 

• A vegetated riparian corridor mediates these threats to some extent by 

preventing erosion and taking up excess nutrients. 

• The streambank is moderately changed but still has a gentle slope. 

• The streambed remains unaltered. 



 
 

Heavily Unimpacted Floodplain 

In an heavily unimpacted floodplain, it contains land uses that have economic 

value and could be lost during a flood. 

• Nutrient and sediment loading are a greater threat. 

• Permanent vegetation in riparian corridor is absent along with its benefits. 

Nutrients and sediment now directly enter stream. 

• Streambanks are steeper and more vertical due to erosion or downcutting. 

• They are vulnerable to severe erosion because there are no roots to 

stabilize the banks. 

• Streambed is wider, shallower and more uniform due to sediment filling in 

the stream. 



 

 
Urban Floodplain 

In an urban floodplain, land uses include residential, roads, and other 

developments that will be threatened by flood events. 

• Land uses including residential, roads, and other developments that will 

be threatened by flood events. 

• The riparian corridor lacks vegetation. 

• Streambanks are very steep and vertical. These banks will be prone to 

erosion. 

• Streambed is down-cut and uniform. Downcutting is a process of erosion 

that causes deepening of the stream. 

• All developments in this floodplain are at risk if there is a flood event. 

 

 

 



Riparian Cover 

The riparian zone or riparian cover is the strip of land on each side of the 

stream. This starts at the top of the streambank to 100 feet back on both sides 

of the stream. 

 
 
 
 
 

 
Visual Survey assess the following cover in riparian zones: 

• Trees 

• Grasses or weeds 

• Bare ground 

• Parking lot/streets 

• Buildings 

• Other (specify) 



Riparian Cover 



 

 

The streambank is the portion of the stream area that rises from the 

streambed and reaches a crest. If there is no noticeable crest, consider the 

streambank to extend no more than 50 feet from the edge of the streambed. 

 
 
 
 

 
Visual Survey assess the following conditions of the streambank: 

• Trees 

• Grasses or weeds 

• Bare ground 

• Bedrock 

•  Pavement/riprap 

Other (specify) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 



 
 



  

 



The streambed is the portion of the stream where water flows under normal 

conditions. You can usually tell a difference in substrate and vegetation 

between the streambank and the streambed. Gravel bars are considered to be 

part of the streambed since they are covered by flowing water for at least part 

of the year 

 

 
Visual Survey assess the following composition of a riffle in the streambed: 

• Silt or mud 

• Sand 

• Gravel 

• Cobble 

• Boulder 

• Bedrock 



Streambed 
 
 
 
 
 
 
 
 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



Percent Embeddedness 

 
Within the streambed, the percent embeddness of cobble substrate is also 

assessed. You will pick up 5 cobble rocks from the streambed and determine 

the average embeddedness from all five rocks. If there is no cobble at the 

stream site, just check the box on the data sheet that cobble substrate is not 

present. 

Embeddedness can be determined by looking at algae or oxidation on a rock. 

Measuring embeddedness is an indication of soil erosion. The greater the 

embeddedness, the greater the soil erosion and sedimentation. 



Percent Embeddedness 



Signs of Human Use 

 
The Visual Survey will assess your site for any signs of human use. This can 

include, but is not limited to, the following signs: 

• Campfires 

• Litter 

• Fishing tackle 

• ATV tracks 

• Horse trail 
 

 



Algae 

The Visual Survey data sheet first assesses how much of the stream bottom is 

covered by algae. Then it has you assess what percentage of that is close- 

growing (less than 2”) or filamentous (greater than 2”). 

Aquatic plants can be confused with algae, especially filamentous algae. 

Filamentous green algae consists of fine, green filaments that have no leaves, 

roots, stems, or flowers. It forms green, cottony masses that are free-floating 

or attached to rocks, debris, or other plants. Sometimes algae bubbles, 

generated by the plant or created by its decay, get trapped in the mats and 

make them buoyant. It grows in practically any water that can support life and 

receives good light. As a general rule, if you don’t see leaves, it’s probably 

algae. If you can see leaves, it’s an aquatic plant. 

 
 
 

 

 



Harmful Algal Blooms 

 
Harmful algal blooms, or HABs, are becoming more prevalent, and we 
encourage volunteers to report them. They are usually caused by warm 
temperatures combined with a high nutrient load in a water body, and are 
formed by blue-green algae, or cyanobacteria, which can produce 
cyanotoxins. These toxins can cause illness and death in humans and animals. 
They often look like green or blue paint has been spilled on the surface of the 
water, or like pea soup. They are most common in lakes and ponds, but can be 
also be found in streams, especially in slow moving water or water that is 
pooled. 



Water Color and Odor 

 
It’s easiest to evaluate water color and odor by scooping up some stream 

water in a clear plastic container. 

Water can be a variety of colors. If there is algae in the water, it might be 

green. With high sediment load, it could be brown. It could even appear milky 

or have an oily sheen. 

Examples of colors are noted on the back of the data sheet. 

In many streams, the water will have no odor. 

In others, it may smell musty, organic, or even smell like sewage. You might 

smell chemicals or oil. 

Describe the smell to the best of your ability. Examples of odor are also on the 

back of the data sheet. 

 

Weather Conditions 

The last section in the Visual Survey data sheet is Weather Conditions, 

specifically cloud cover. 

Sunny, mostly sunny, partly cloudy, cloudy, rainy, snowy – all are good 

examples. 

Knowing these conditions can help us interpret visual survey data. 



Comments 

 
On all data sheets, there is a section for Comments and Fish Present. 

In the comments section, add any observations you think might be important 

or of interest. 

Examples include: “Lowest flow ever observed,” or “Trees recently cleared 

from banks.” 

If you observe dead fish or other evidence of a pollution event, it is fine to 

write it here, but please call the emergency numbers for the Environmental 

Emergency Response hotline. 

Under Fish Present, Simply check the yes or no box if you saw a fish in your 

site. 

We don’t need to know species or quantities. We just care to know that the 

stream supports aquatic vertebrates. 

Something else you may want to mention in the comments section is the 

observation of foam or iron-oxidizing bacteria. Foam in a stream can be 

caused naturally by decomposition. To determine if it is natural, use the stick 

test. If the foam breaks apart when wacked with a stick, it is natural. If it 

doesn’t break apart it could be a detergent or another chemical. This would be 

a concern. It’s somewhat common to see bright orange slime, often 

accompanied what appears to be an oily sheen on the water. This is caused by 

naturally occurring iron-oxidizing bacteria, which get energy from the iron 

minerals leaching out of the soil. If you can break the sheen with a stick, it is 

organic and not a cause for concern. 

 



 



Chemistry 
Chemical parameters play an important role in the health, abundance, and 

diversity of aquatic life. Excessive amounts of some constituents such as 

nutrients, or the lack of others can result in imbalances in water chemistry. 

In this chapter, we will discuss: 

• Understanding Water Chemistry 

• Temperature 

• Dissolved Oxygen 

• pH 

• Dissolved Solids 

• Nutrients 

• Transparency 



Why monitor chemical parameters? 

Water carries needed nutrients and minerals to aquatic life and carries waste. 

Chemical parameters play an important role in: 

• Health: of the stream 

• Abundance: of aquatic insects 

• Diversity: of aquatic organisms 

• The life within the stream 

Remember that changes in many of the following parameters can affect other 

chemical parameters. 

 

Toxicity Definitions 

Toxicity: A measurement of how poisonous or harmful a substance is to plants 

an animals 

 
 
 
 
 
 
 
 
 
 

 
Water Quality Standards (WQS) are set to protect human health and animal 

life. These standards can be found on the Missouri Department of Natural 

Resources website. 

 
 
 

 

Monitoring Water Chemistry 

Water chemistry should be monitored at least four times per year, once every 

season. Some monitors may have specific project goals which require 

monitoring more frequently. Since stream flow affects water chemistry, also 

measure stream discharge while collecting water chemistry data. 



Effects of Temperature 

The amount of dissolved oxygen in the water, the rate of photosynthesis by 

algae and other aquatic plants, and the rate of plant growth are all affected 

by temperature. Plant growth increases with warmer temperatures. When 

plants die, they are decomposed by bacteria, which use up oxygen. Increased 

plant growth means more oxygen being removed from the water during the 

decomposition process. 

The metabolic rates of organisms increase with higher temperatures. As 

respiration and digestion rates increase, fish, aquatic insects, and aerobic 

bacteria require more oxygen to survive. 

The sensitivity rates of organisms is also affected by temperature. Many 

organisms require a specific temperature range, and changing that range may 

eliminate some organisms from the ecosystem. Under temperature extremes, 

organisms may become stressed, which makes them more vulnerable to toxic 

wastes, parasites, and disease. 

 

Water Quality Standard for Temperature 

Water temperatures shall not exceed: 
 

Type of Water Body Water Temperature 
Standard 

Warm water fisheries 32˚C (90˚F) 

Cool water fisheries 29˚C (84˚F) 

Cold water fisheries 20˚C (68˚F) 

 

Effects on Temperature 

• Riparian cover removal: What if the trees in the riparian zone were re- 
moved from a cold-water trout stream? It is likely that our cold-water 
stream would not remain cold as long, because there would no longer be 
any shade. 

• Soil Erosion: increased turbidity 
 

• Thermal Pollution: Sources of thermal pollution include warm or hot 
• water from a power plant or industrial discharge and runoff from 

impervious surfaces such as parking lots and streets. 
 

• Impervious Surfaces: Impervious surfaces are anything that does not ab- 
sorb water such as concrete, asphalt, roof tops and compacted soils. Im- 
pervious surfaces get very hot in the summer and stormwater runoff from 
these surfaces can reach as much as 120o Fahrenheit. 



Dissolved Oxygen 

Dissolved oxygen (DO) is essential for the maintenance of healthy waterways. 

Aquatic life needs a certain level of dissolved oxygen for survival and a deple- tion 

of DO can cause a major shift in the organisms present in a stream. 

Dissolved oxygen comes from 3 major sources: 

• Atmosphere: The air we breathe contains approximately 21% oxygen, which 

equates to 210,000 ppm oxygen. Some of this oxygen diffuses into streams. 

Most surface waters contain between 5 and 15 ppm dissolved oxygen. 

• Aeration: Waves and tumbling saturate water with oxygen from the at- 

mosphere like an aquarium aerator. 

• Photosynthesis: Algae and other aquatic plants deliver oxygen to water. 

Waters with consistently high D.O. are considered healthy and stable aquatic 

systems – a positive sign. Absence of D.O. is a sign of severe pollution. 

 

 

Water Quality Standard for Dissolved Oxygen 
 
 
 
 
 

 
Influences and Impacts on Dissolved Oxygen 

 
Natural Influences: 

• Temperature 

• Flow 

• Dissolved and Suspended Solids 

• Aquatic Plants 

Human influences: 

• Removal of Riparian Corridor Vegetation 

• Dams 

• Organic Waste 

• Urban Runoff 



Acceptable D.O. Percent Saturation Levels 

Ozark Stream 

(high gradient, rocky 
bottom) 

>80% D.O. Saturation 

Prairie Streams 

(Low-gradient or slow 
moving) 

>60% D. O. Saturation 

 

Diurnal Fluctional Variations 

 
Dissolved oxygen fluctuates throughout the day. It is natural to be lowest just 

before sunrise and peak during the middle of the day. This is because algae 

and other aquatic plants switch from photosynthesis to respiration at night 

and are therefore using oxygen, not producing it. 

Some of the factors that can cause extreme fluctuations in DO include: 

• Removal of trees 

• Excess nutrients 

 
It’s best to sample water quality first thing in the morning to measure the 

lowest dissolved oxygen for your stream. 

 

 

Dissolved Oxygen Percent Saturation 

 
Dissolved Oxygen Saturation is the maximum level of dissolved oxygen that 

would be present in the water at a specific temperature, in the absence of 

other influences. 

Percent Saturation is the percentage of dissolved oxygen concentration 

relative to that when completely saturated. This tells us whether a DO 

measurement is good or bad. 

As water temperature increases, DO saturation decreases, and as water 

temperature decreases, DO saturation increases. Therefore, cold water will 

hold more DO than warm water. 

 



pH 

Water contains both Hydrogen (H+) and Hydroxyl (OH-) ions. pH measures 

the H+ concentration on a scale from 0 to 14. 

• neutral (pH 7) contains equal numbers of H+ and OH– ions 

• acidic (pH < 7) contains more H+ than OH- ions 

• basic (pH > 7) contains more OH– ions 

The pH scale is logarithmic, meaning that every one-unit change on the pH 

scale is a ten-fold H+ ion change. A one-point pH change indicates the strength 

of the acid or base has increased or decreased tenfold. A two-point change 

indicates a 100-fold change. 

• Increase from 7 to 8 = 10 times more basic 

• Increase from 7 to 9 = 100 times more basic 
 

 

pH Effects on aquatic life 

Normal stream water pH ranges from 6.5 to 8.0. Most organisms have 

adapted to life in water of a specific pH and may die if that fluctuates even 

slightly. At extremely high or low pH values (11.0 or 4.5) the water becomes 

lethal to most organisms. 

Waters that are acidic can cause metals such as zinc, aluminum, and copper to 

be released into the water column and accumulate in the food chain. Copper 

and aluminum can accumulate on fish gills and cause deformities in young 

fish, reducing their chance of survival. Ammonia compounds convert to a toxic 

form in basic water. The more basic the water, the more toxic the ammonia 

that is present. 

 

 

Water Quality Standard for pH 
 



 

 
Conductivity 

Conductivity is a measure of the electrical current passing through water. It is 

a general indicator of water quality trends because it tells us the amount of 

dissolved solids are in the water. Conductivity measurements do not tell us 

which dissolved substances are in the water, only how much. Small amounts 

of certain dissolved solids, such as some metals, can cause significant changes 

in conductivity. 

Common dissolved solids which influence conductivity: 

• Bicarbonate 

• Calcium 

• Magnesium 

• Sulfate 

• Chloride 

• Sodium 

• Potassium 

 
Sources of dissolved solids in streams include: rainfall, vegetation, rocks, soil, 

and groundwater. The three most abundant dissolved substances come from 

the dissolution of limestone and dolomite. The remaining one percent of 

dissolved solids can vary considerably, but can include nitrates, metals, 

ammonia, phosphorus, and manmade compounds such as pesticides and fuel. 



Chlorides 

Chlorides are salts resulting from the combination of chlorine gas and various 

metals. Most chlorides come from sodium chloride (NaCl) applied to roads and 

sidewalks to melt ice. 

Application of these road salts has drastically increased since the 1970s. These 

salts can travel up to 130 ft from the roadway and often have heavy metal 

additives, so other harmful substances may be present. 

High levels of chlorides are toxic to aquatic life. They interfere with 

osmoregulation in freshwater organisms and can lead to fish kills. 

Some invasive species (e.g. Eurasian water milfoil) are more tolerant to 

chloride and can outcompete the native species of the area. 

Spikes can occur during the summer during low flows and during the spring 

and fall after fertilizer applications. 

 

 

Water Quality Standards for Chlorides 
 

 



 

 
Nitrogen 

Nitrogen is an essential plant nutrient required by all living plants and 

animals for building protein. All living, organic matter contains nitrogen. As 

aquatic plants and animals die, bacteria break down the organic matter. 

Ammonia (NH₃) is oxidized (combined with oxygen) by bacteria to form 

nitrates (NO₂) and nitrates (NO₃). 
 
 
 
 
 

 
What affects nitrogen levels? 

• Leaf fall 

• Organic decay 

• Anthropogenic impacts: 

• Poorly functioning septic systems 

• Wastewater from treatment plants 

• Runoff from animal production 

• Runoff from fields and lawns 

• Storm drains 

• Combined sewer overflows (CSO) 

Nitrate 

VWQMs measure nitrate. It is expressed at nitrate-nitrogen (NO₃-N), which 

means nitrogen in the form of nitrate. Nitrate is the most stable nitrogen 

compound and is an indicatory of excess nitrogen loading. 

Here are average nitrate readings in Missouri streams: 
 

Stream Average Value Range 

Mississippi 2.39 0.56 – 4.53 

Chariton 0.73 0.38 – 1.43 

Pomme de Terre 0.15 0.02 – 0.81 

Jacks Fork 0.35 0.31 – 0.39 

 

Water Quality Standard for Nitrate 

 
There is a nitrate Water Quality Standard criterion of 10 mg/L only for 

Missouri streams that have a designated use as a drinking water source. 



Ammonia 

Ammonia (NH₃) is the only nutrient that is directly toxic to aquatic life. 

However, the toxicity of ammonia is dependent on the pH and the temperature 

of the water. 

Ammonia levels are not usually a problem in most Missouri streams. Ammonia 

is only monitored by Level 2 VWQM certified monitors when a need is 

determined. 

 
 

 

Phosphorus 

Phosphorus is also a plant nutrient. It is most readily available to plants as 

orthophosphate, a reactive form of phosphorus commonly referred to as 

“phosphate” (PO₄). Phosphorus occurs naturally in rocks and enters the water 

column through the weathering of rock. When additional phosphorus enters 

an aquatic system, even very small amounts (0.01 mg/L) can cause large algal 

blooms. 

In Missouri, phosphate is the nutrient that limits plant growth in a body of 

water in a process called “primary productivity.” 

Natural: 

• Rocks and soil 

• Breakdown of organic matter 

Anthropogenic: 

• Runoff from animal production: especially from poultry litter 

• Wastewater from treatment plants 

• Poorly functioning septic systems 

• Runoff from fields and lawns: Many people fertilize their lawns in 

urban areas. Runoff from rainfall events following application can 

cause high phosphorus levels after storm events. 

• Storm drains - Storm drains may carry waste from pets, lawn 

fertilizer, broken wastewater lines and septic systems. 

• Combined sewer overflows (CSO) - These systems caused 

excessive algae blooms in Lake Erie in the 1960’s. Starting in 2011, 

projects began to reduce the volume of discharges by CSOs 

around Lake Erie. 



Transparency 

Transparency is a measure of water clarity. It measures the depth in 

centimeters that light can penetrate the water. Suspended matter and 

plankton can cause cloudy, murky, or green water. A larger reading means the 

transparency is higher, thus the water is clearer. 

Having a low transparency is detrimental to aquatic life. Sediment can block 

out light needed for vegetation, and it can bury fish eggs and benthic 

invertebrates. Suspended particles can also absorb heat and increase the 

water temperature. 

Monitoring transparency can be particularly valuable: 

• In areas being developed 

• Agricultural areas not adopting best management practices to prevent soil 

erosion 

• Downstream from quarries and gravel mining operations 



Water Chemistry Reference Table 

Water Chemistry Data Sheet 

• Header: This section includes required information such as stream name, 

site number, site description, date and time monitored, name of trained 

volunteer, and Stream Team number. Additionally, it asks for the amount 

of rainfall in the last seven days, water temperature (in Celsius), and the 

name of any other participants assisting you. 

• Weather Conditions: Record the weather conditions on the date you 

monitored your stream. You will also need to take an air temperature 

reading (in Celsius). Be sure to take the air temperature reading in the 

shade and before taking a water temperature reading. 

• Nitrate 

• Dissolved Oxygen 

• pH 

• Conductivity 

• Transparency 

• Chlorides 

• Hardness 

• Alkalinit 

• PO₄ 

• Ammonia 
 

 

Definitions for Water Chemistry 



Measuring Temperature 
 

VWQM data sheets include air and water temperature, which should be 

measured in the shade. Measure air temperature first to avoid residual water 

on the thermometer affecting the temperature reading. When measuring 

water temperature, read the temperature while the thermometer is still 

submerged. Always allow several minutes for the thermometer to acclimate, 

especially in extreme temperatures. 

 

Temperature Tips 

 
• Temperature should be measured with the program provided liquid-in-glass 

thermometer. 

Do not measure temperature using the pH or conductivity meters. 

• Routinely inspect your thermometer for air bubbles in the liquid column. If 
liquid becomes separated, request a new thermometer from Missouri 
Stream Team. 



Measuring Nitrate 
 

 
1. Rinse the sample bottle three times with stream water. 

2. Fill sample bottle with sample water. 

3. Fill one test tube to the 5.0 mL line with water from the sample bottle. 

4. Add one Nitrate #1 Tablet. 

5. Cap and mix until the tablet disintegrates. 

6. Place the test tube in foil protective sleeve. 

7. Add one Nitrate #2 Tablet. 

8. Cap the test tube and mix for (2) minutes to disintegrate the tablet. 

9. Set a timer and wait (5) minutes 

10. Remove the test tube from the foil protective sleeve 

11. Inset the test tube into the Octa-Slide 2 Viewer (color comparator). 

12. Hold the Viewer so that non-direct light enters through the back. 

13. Match the sample color to a color on the Viewer. 

14. Record the result on the data form as: NO3-N mg/L. 

15. Record a range or number on the data form at NO3-N mg/L. Do not use the 

multiplier on the instructions. 

16. Containerize the liquid waste in a waste container and pour down the drain 

after returning home. 

 

Nitrate Tips 
• Nitrate Tablet #2 is sensitive to sunlight. The test tube must be kept in the 

kit provided foil sleeve when adding the tablet and while the chemical 
reaction is processing. If exposed to sunlight the reaction will be yellow 

• A yellow color may also be observed at very low levels, even when not 
exposed to sunlight. If your reaction is yellow and you did not expose it to 
sunlight, record nitrate as <1 mg/L. 

• Waste from the nitrate tablet kit may be containerized, taken home, and 
poured down the drain while flushing with cold water. 

• If your nitrate reading appears to be between two values on the color 
comparator, Record the nitrate reading as a range on the data sheet. For 
example, if the nitrate reading looks to be between 6 and 8 on the 
colorimeter, record this as, “>6 <8.” 



 
 
 

 
Calibration (within 12 hours prior to monitoring): 

Measuring pH 

1. Set the power to on and remove the cap from the sensor. 

2. Push to go to calibration mode. The auto-recognition standard (7.00) the 

tester expects will display at the bottom of the screen. 

3. Pour the yellow pH 7.00 buffer solution into the cap to the fill line. 

4. Put the sensor fully into the cap. 

5. When the measurement is stable, push to save the measurement. The 

measured value flashes three times. 

6. Repeat steps 3-5 with blue pH 10.01 buffer solution. 

7. Push and hold to go to continuous measurement mode. "END" shows on 

the display. 

Note: "ECAL" shows on the display if the calibration was not successful. 

8. Rinse the sensor and cap with deionized water and blot dry. 

Measurement: 

1. Set the power to on. 

2. Remove the cap from the sensor. 

3. If the lock icon shows on the display, push to go to continuous 

measurement mode. 

4. Place meter sensor in flowing stream water until reading is stable. 
 

5. The measured value shows on the top line. 

 
pH Tips 

 

 

• Routinely inspect the bulb on the pH meter for cracks or air bubbles. If the 
bulb has an air bubble, hold the meter in your hand firmly with the bulb 
facing the ground. Give the meter a quick fling downwards as if you are 
flinging water from the meter. This should force the air bubble out. 

If meter bulb is cracked or dry, contact Missouri Stream Team for a 
replacement. 

• After storage you may see a white crystallization around the bulb. This is 
potassium chloride and completely normal. Soak the meter bulb in tap 
water for a few minutes to rinse. 

• The PocketPro pH meter is designed to be stored with residual water on 
the bulb. Do not pat dry. Do not store in DI water. 



Measuring Conductivity 

 
Calibration (within 12 hours prior to monitoring): 

1. Set the power to on and remove the cap from the sensor. 

2. Push to go to calibration mode. The auto-recognition standard (1413 or 

147 μS/cm) the tester expects will display at the bottom of the screen. 

3. Pour the 1413 μS/cm calibration standard shown into the cap to the fill 

line. 

4. Put the sensor fully into the cap. 

5. When the measurement is stable, push to save the calibration and go to 

continuous measurement mode. The measured value will flash 3 times 

and then stop. Then, "END" shows on the display. 

6. Rinse the sensor and cap with deionized water and blot dry. 

Measurement: 

1. Set the power to on. 

2. Remove the cap from the sensor. 

3. If the lock icon shows on the display, push to go to continuous measure- 

ment mode. 

4. Place meter sensor in flowing stream water until reading is stable. 

5. The measured value shows on the top line. 

 

Conductivity Tips 

• The PocketPro conductivity meter is prone to calibration challenges until it 
is well conditioned. There is a protective coating on the meter electrodes. 
Do not wipe these, but they should be cleaned by soaking in a cap of tap 
water with a drop of dish soap. Rinse well before calibrating. An indicator 
that the electrodes need to be cleaned is if the meter is reading too low to 
be calibrated successfully. 

• Hold the conductivity meter by the top while measuring. Holding it by the 
cap or setting it on a metal surface will affect the reading. 

•  

• If your meter displays “ ------ “ while measuring conductivity, the measurement is 

out of range. Low range conductivity meters can only measure up to 1990 μS/cm. 



Measuring Dissolved Oxygen 

 
1. Fill the dissolved oxygen bottle with sample water to the middle of the 

frosted area by submerging it in the stream. 

2. Add the contents of one Dissolved Oxygen Reagent 1 packet and one 

Dissolved Oxygen Reagent 2 packet. 

3. Stopper the bottle without trapping air bubbles. 

4. Shake the bottle vigorously to mix. 

5. Wait for flocculent to settle to approximately half the bottle volume. 

6. Shake the bottle vigorously again. 

7. Wait for the flocculent to settle to approximately half the bottle volume. 

8. Remove the stopper and add the contents of one Dissolved Oxygen 3 

Reagent powder pillow. 

9. Stopper the bottle and shake the bottle vigorously (flocculent will dissolve 

and sample will turn yellow if oxygen is present). 

10. Fill the plastic tube to the top with sample from dissolved oxygen bottle. 

11. Place the square bottle over the full plastic tube and invert to pour the 

contents into the square bottle. 

12. Add Sodium Thiosulfate Standard Solution one drop at a time to the 

mixing bottle (making sure to hold the dropper vertical). Count each drop. 

Swirl to mix after each drop. Add drops until the sample becomes 

colorless. 

13. Record the number of drops used in Step 12. One drop equals one mg/L. 

 

Dissolved Oxygen Tips 

• If an air bubble is observed in the sample vial while adding DO 1, 2, or 3, 
please start over. The air bubble will affect the chemical reaction. 

If there is a residue on the bottom of the sample bottle after restarting 
a test, add DO 3 to complete the chemical reaction and break apart the 
residue. 

• Waste from the DO kit can be containerized and taken home to be poured 
down the drain while flushing with cold water. 

• Extremely cold water or high chloride levels will affect how the floc settles. 
If floc does not settle after 10 minutes, shake the bottle once more and 
continue with the test. 

• Hold sodium thiosulfate dropper vertical and give confident, firm squeezes 

to ensure full drops. Release dropper bulb between drops. Do not allow 

drops to run down the side of the titration bottle. 



Water Chemistry Reminders 

 
• Check expiration dates of reagents well before monitoring. Equipment 

orders take 2-4 weeks to arrive. 

• Double check data sheet and online data entry for errors 

• Save a copy of your data collected in case of follow-up questions or errors 

• When adopting a new monitoring site, submit site map to 

StreamTeam@dnr.mo.gov 

• Liquid waste can be poured down the drain while flushing with cold wa- 

ter. Containers for liquid waste can be requested through Missouri 

Stream Team staff. 

• Dry waste can be kept in original packaging and discarded in trash 

• Keep all chemicals and waste out of reach from children and pets. 

mailto:StreamTeam@dnr.mo.gov

