Title: Macroinvertebrates/Insects

Subject Area: Scientific Thinking and Inquiry, Environmental Science, Life Science, 

Grade Level Presented To: 5th
Objective: Students will census aquatic macroinvertebrates to determine the levels of pollution in a stream or body of water. 
Relevant DC Standards:
5.1. Scientific progress is made by asking relevant questions and conducting careful investigations. As a basis for understanding this concept, and to address the content in this grade, students should develop their own questions and perform investigations.

5.1.5. Read and follow step-by-step instructions when learning new investigations.

5.1.7. Explain that predictions can be based on what is known about the past, assuming that conditions are similar.

5.1.8. Realize and explain why predictions may be more accurate if they are based on large collections of

similar events for statistical accuracy.

5.9. Adaptations in physical structure or behavior may improve an organism’s chance for survival. 

5.9.1. Explain that in any particular environment, some kinds of plants and animals survive well, some do not survives as well, and some cannot survive at all

5.9.4. Explain that organisms fit enough to survive in a particular environment will typically produce offspring fit enough to survive and reproduce in that environment.
5.9.5. Explain how changes in organism’s habitat are sometimes beneficial and sometimes harmful, and how changes in the environment (drought, cold) have caused some plants and animals to die, migrate or become extinct. 
5.9.6.   Explain that many plants and animals can survive harsh environments because of seasonal behaviors (e.g. in winter organisms fit enough to survive in a particular environment, e.g. in winter, some trees shed leaves, some animals hibernate)

Vocabulary:

Habitat- the environment in which an organism usually lives

Invertebrate- animal without vertebrae

Pollution-substances that contaminate environment especially human made wastes

Metamorphosis- A change in the form and often habits of an animal during normal development after the embryonic stage

Insects- are a major group of arthropods and the most diverse group of animals on the Earth

Classroom Setup:
Students should work in small groups. Each group should have their own leaf pack and sorting equipment.
Materials :

	Description
	Quantity
	Can Be Purchased

	Leaf pack bags
	At least ten 
	Recycle  onion/ mesh bags (can have students save from home before beginning experiment)

	Magnifying lens
	One per student
	Wal-Mart, Target, etc

	Plant leaves
	Found at location
	Outside

	Insect identification worksheets
	One per student
	Provided 

	Ice cube trays
	Seven
	Grocery store

	Insect identification guides
	Two
	Acorn Naturalist 

	Metamorphosis life cycle visual aid
	One
	Prepared by teacher

	Insect parts worksheet
	One per student
	Provided 

	Paint brushes
	One per student
	Stores various

	Plastic Petri dish
	One per student 
	

	Eye dropper
	Two per group
	Rite Aid or other drug store


Brief Description: 

Students will investigate leaf packs to discover macroinvertebrates. How does the number of different species found reflect the water quality of the waterway?

Procedure: 

Part A:

At least three weeks prior to the day of the activity create and install an appropriate amount of leaf packs in a stream near the school (see leaf pack instructions). 

Engage the class in an introductory discussion and brainstorming session recording answers. 

Discussion Questions:

1. What is pollution?

2. How does a river become polluted?

3. How can we determine if the water is polluted?

If the students do not identify signs of life as a water quality indicator, prompt then to think about this indicator, and list what living things live in a stream.

Part B:

Explain that they will be conducting an experiment to determine the water quality of a nearby stream using a specific “sign of life” – macroinvertebrates.

Pass out the inset parts worksheet and discuss basic insect anatomy.

For the purpose of identification, students will need to understand what stage of life the macroinvertebrates represent. Using a metamorphosis life cycle chart explain the various stages of life that an insect goes through and what stages they might find in the leaf packs.  Insects that undergo incomplete metamorphosis will be in the nymph stage, and insects that undergo complete metamorphosis will be either in the larva or pupa stage.   

Each insect has a specific pollution tolerance.

Class I    Pollution intolerant: These organisms are highly sensitive to pollution. 
Class II   Somewhat pollution tolerant: These organisms will be found in clean and slightly polluted waterways. 
Class III Pollution tolerant: These organisms will be found in polluted, as well as clean aquatic ecosystems.
Trees are an important component to the health of stream ecosystems.  They provide shade, cooling the water and leaf fall provides food and shelter for a variety of aquatic life. Much streamside vegetation has been removed.  How does the removal of trees affect the animals that depend on the leaves for food?  
Pass out leaf packs, hand- lenses, brushes, ice cube trays and Petri dishes.

Ask students to brush off insects from the leaves into ice cube trays.  By appearance alone they can begin to group certain insects together (i.e. ones with two tails vs. ones with three). After the insects are in the trays, the students can take individual insects out to examine in a Petri dish using a hand lens.  Each student should record the species and number identified on the student lab sheet.
After identification is complete students should determine what class of pollution tolerance each insect fits into using the chart below:

	Indicators of good water quality
	Indicators of fair water quality
	Indicators of poor water quality 


	Mayfly larvae 
Caddisfly larvae 
Stonefly larvae 
Gilled snails 
Riffle Beetle - adult
Planaria
Water Peeny

Hellgramite 

	Crayfish 
Riffle Beetle - larva
Dragonfly
Cranefly larvae 
Damselfly 
Scuds 
Alderfly
Sowbug
Watersnipe Fly
Whirligig Beetle - larva
Fishfly
Clam or Mussel 

	Midge fly larvae 
Blackfly larvae 
Leeches 
Aquatic worms 
Lung snails 



Based on the species composition and tolerance levels, students should determine whether the water quality of the stream is excellent, fair, or poor.

Discussion Questions:
1. How many different insects did you find?

2. How would the presence of trees along the streams affect the number of insects found?

3. What does the presence of these specific insects indicate about the water quality of the stream where they were found?

4. What are the main characteristics of all insects?

Background information:
How to create a Leaf pack:

When collecting leaves for your leaf packs it is important to use leaves from native species.   

Find leaves around your stream and place them in an onion bag. Tie off the open end of your onion of all of the leaves will come out.
Submerge and attach your leaf pack to a rock - make sure it is tight and not moving up and down with the flow of the water. 

Insects:

All insects are arthropods, animals that lack backbones and have jointed legs and external skeletons, or exoskeletons. Arthropods include such diverse animals as roaches, millipedes, tarantulas, and lobsters. 
Insects have three distinct body parts: a head, a thorax, and an abdomen; many other arthropods have either more or fewer body areas. Insects also have two antennae, six legs, and almost all insects have wings. No other group of arthropods can fly. Insects go through either complete or incomplete metamorphosis.

Macroinvertebrates:
Macroinvertebrates are called "canaries of the stream" because they function as living barometers that indicate changes in water quality. Certain macroinvertebrates are very sensitive to pollution while others are very tolerant of pollution. The amount and type of macroinvertebrates found living in a stream, indicates the health of that particular stream.

These bottom-dwelling animals include crustaceans and worms but most are aquatic insects. Beetles, caddisflies, stoneflies, mayflies, hellgrammites, dragonflies, true flies, and some moths are among the groups of insects represented in streams. “Macros” are an important link in the food web between the producers (leaves, algae) and higher consumers such as fish. 
Aquatic macros can be placed in one of three classes of pollution tolerance, ranging from highly tolerant to highly pollution sensitive or intolerant.  These are class I, class II, and class III. Although these pollution tolerant groups, which include certain true flies and worms, can be found in the cleanest streams, their numbers should not dominate the community. On the other hand, the presence of mayflies, stoneflies, and caddisflies – sometimes referred to as the “canaries of the stream” because they are so sensitive to pollution – indicates good water quality. 
Metamorphosis:
All insects go through a series of changes during their life cycle. Insect life cycles can be grouped as either complete or incomplete metamorphoses. A complete metamorphosis includes a pupae stage. The adult and larva tend to look very different from each other. Incomplete metamorphosis lacks the pupae stage and the nymph and adult are more similar in appearance. Most aquatic insects remain underwater in the immature stages, and leave the stream only as adults. The life cycles of macros can range from a few weeks to several years. 
	Incomplete Metamorphosis
	[image: image1.png]



	Complete Metamorphosis
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	(Egg – nymph - adult)
Mayflies
Stoneflies
Dragonflies/Damselflies
True bugs
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	(Egg - larva - pupa - adult)
Caddisflies
Dobsonflies/alderflies
Beetles
True flies
Aquatic moths


	Type of Insect
	Species name
	Number found
	Pollution Tolerance

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	[image: image6.png]



	
[image: image7.png]



 

 


	[image: image8.png]



	Insect Basic
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		BASIC INSECT ANATOMY DIAGRAM
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	Key Features  
	Group 
	  
	Key Features  

	Crustacea - Ostracods 
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	bean-like shell <2 mm 
	Alderfly nymph 
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	one tail, long filaments along the abdomen 

	Crustacea - Copepods 
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	long antennae, tiny eyespot: 0.5 - 3 mm 
	Caddisfly larva 
	[image: image15.png]



	a cylindrical case for protection, each species makes a distinct case from different material 

	Crustacea - Water fleas 'Cladocera' 
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	antennae, large compound eye 
0.3 - several mm 
	Stonefly nymph 
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	two jointed tails 

	Water bears (Tardigrades)  
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	8 stumpy legs body <1 mm
See gallery links on the right for some of the finest video clips on the Web of these cute critters! 
	Mayfly nymph 
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	three jointed tails, leaf-like (or other shaped) 'gills' on its sides 

	Water mites 
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	8 legs, round body 0.5 - 5 mm 
	Damselfly nymph 
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	three leaf-like tail appendages (gills), bizarre extendable jaws 

	Mosquito larvae (e.g. fly) 
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	long body, often moves in S-shaped curves 1 - 20 mm 
	Dragonfly nymph 
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	robust, no tail appendages, bizarre extendable jaws 

	Group 
	  
	Key Features 
	Group 
	  
	Key Features  

	Some larger freshwater crustacea -where Micscape has resources 
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	Water louse (isopod) 10 mmFairy shrimp 10 cm and tadpole shrimp (branchiopods) 10 mm 
	Water-beetle larva 
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	strong jaws, long segmented body, short legs 

	Freshwater shrimps (not true shrimps but amphipods) 
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	curved, compressed body centimeter 
25 mm 
	Water beetle adult 
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	strong jaws, tough shield, many water beetles are fierce predators 

	Dronefly larva
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	this so called rat-tailed maggot has a long tubed tail for breathing
	Springtail 
	[image: image29.png]



	the grey spring-tail (lives on the surface of the water, often in large numbers, 0.5-2.5mm


	Worms  
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	long thin body, many non related forms 
	Water bears 
(Tardigrades)
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	8 stumpy legs, slow moving 
<1 mm


	Other Insect stages 
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	wide variety of forms >1 mm 
	Water bug
nymph/adult 
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	no jaws, possess a tube-like beak, the nymphs don't have wings,  
Backswimmer, water boatman. On the water surface: Pond skater 







Metamorphosis
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