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Lesson Title:  Use of Aquatic Benthic Macroinvertebrates as an Indication of Stream Health: Part I – Use of Dichotomous Keys to Identify Stream Organisms

Subject/Level: 8th Grade Science; Can be readily adapted to use with grades 9 to 12
Background:

Pollutants in the aquatic environment can affect aquatic organisms. The quality of water in a stream determines the type and diversity of aquatic organisms that will be found.  Scientists use dichotomous keys to identify living organisms.  Scientists monitor water quality of streams by collecting samples of benthic macroinvertebrates. These are the insects, crayfish and other organisms that live on the bottom of a stream.  Stream Index Values can be calculated to determine the diversity of organisms found in a stream. The diversity of organisms reflects the health of the stream. 

Summary of Activity: Students will work in groups of 3 or 4 to use dichotomous keys to identify macroinvertebrates from local freshwater streams.   The teacher will provide dichotomous keys and handouts with background information. There will be some whole class instruction on use of the dichotomous macroinvertebrate keys.  Students who demonstrate understanding will be certified to identify organisms from local stream samples. Macroinvertebrate samples from local streams will be collected to determine the effects of human activity on water quality using the Stream Index Value approach.  

Prerequisite Skills: 

Students must: 1. Understand that chemicals in the environment can be toxic to organisms.  2. Have a basic understanding of water quality and water pollution. 3.  Have a basic understanding of what a dichotomous key is, but not necessarily had experience using a key. 

Fundamental Understanding:

Students will learn about the diversity of aquatic macroinvertebrates that inhabit freshwater streams in NC and how the water quality in a stream determines the species present and biological diversity of a stream. Students will learn how these organisms are collected for scientific research and how to use dichotomous keys to identify organisms.  Students will learn to calculate Stream Diversity Index values as an estimate of water quality.   
Essential questions: 

What is a dichotomous key and how does it work?

How can a dichotomous key be used to identify stream organisms?

What is a stream index value and how does it predict stream health?

North Carolina State Standards:

1.01 Identify and create questions and hypotheses that can be answered through scientific investigations.  

1.03  Apply safety procedures in the laboratory and in field studies.

1.04  Analyze variables in scientific investigations.

1.05  Analyze evidence to explain observations, make inferences and predictions, and develop the relationship between evidence and explanation. 

1.06  Use math to gather, organize and present quantitative data resulting from scientific investigations

1.08 Use oral and written language to communicate findings, defend conclusions etc. 

3.04 Describe how terrestrial and aquatic food webs are interconnected. 

3.05 Analyze hydrospheric data over time to predict the health of a water system including: temperature, dissolved oxygen, pH, nitrates, turbidity, and bioindicators

3.06 Evaluate technologies and information systems used to monitor the hydrosphere. 

3.07 Describe how humans affect the quality of water. 

3.08 Recognize that the good health of environments and organisms requires: monitoring of the hydrosphere, water quality standards, methods of water treatment, maintaining safe water quality, stewardship

4.09 Describe factors that determine the effects a chemical has on a living organism including exposure, potency, dose, individual susceptibility, and means to eliminate or reduce effects. 

Safety Precautions: 

These will vary with the approach the teacher chooses for the lab activity. If live insects and fresh water samples are used, students must take extra care to thoroughly wash their hands at the end of the lab.  If macroinvertebrates have been preserved in alcohol ahead of time, students must avoid contact with the alcohol.  When working with preserved specimens, I prefer to have students identify the organisms without opening the vials. This reduces odor and exposure to alcohol.  Gloves and goggles are recommended.

Materials/Equipment:  Dichotomous keys, hand lenses with occasional use of a stereomicroscope, glass vials for preserved specimens, source of specimens, kick net (easy and inexpensive to make) and boots (if collecting own samples), alcohol for preserving specimens (ethanol is best, but isopropyl alcohol is more readily available and is adequate), forceps
Time Requirement: Two – 50 minute periods of time will be required to practice use of dichotomous keys. An additional 30 minutes is needed to analyze macroinvertebrate samples from a stream on each future monitoring date. 

Assessment:  Quiz – Identification of macroinvertebrates. Class activity: Demonstrate ability to calculate Stream Index.Value as an indicator of water quality. 

Activity:  

1. The teacher will assign students to small groups of 3 to 4 students and explain the objective for the lesson. 

2. Teacher will demonstrate use of dichotomous keys to identify macroinvertebrates. 

3. Students will practice using the dichotomous keys to identify macroinvertebrate specimens. This can be done with live or preserved specimens of organisms.  

4. Teacher will circulate, provide guidance and check for accuracy.  

5. After sufficient practice, students will identify 5 specimens to demonstrate proficiency.  ( I project enlarged pictures  of  organisms with the overhead projector to ensure everyone can see adequate detail.)

6. Teacher and class will review general information on use of macroinvertebrates for determination of water quality in a stream including the concept of Stream Index Values (SIV). 

7. Students will practice calculating SIVs.  

8. Students will also demonstrate understanding of Stream Index Values by calculating the SIV for a stream based on a macroinvertebrate sample.  

9. Once proficient, students will analyze macroinvertebrate samples from a stream to determine water quality at the sample site.   

10. Students will record data from stream samples in tables and plot data on graphs.

Enrichment/Alternative Activity: If a stream is near your school, the ideal way to start this activity is to take your class to the stream to sample for macroinvertebrates. However, this may not be feasible in many situations.  If live or preserved specimens are not available, students can practice identification by using pictures of organisms that have been cut out and laminated.  The teacher can create artificial “samples”, (a group of cut out organisms that might have been caught in a kick net sample), so students can calculate SIVs.  In addition to identifying the macroinvertebrates, students can also learn about the role that each organism plays in the food chain of the stream.  

Cross-Curricular: Calculation of SIVs will demonstrate applications for mathematics in science.  Data collection will enhance math skills for creating data tables and graphs.  Students will experience how a scientist monitors and determines the water quality of a stream.  An artistic component can be introduced by having students draw pictures of specimens in data tables.  

Resources:  
Winborne,  Ferne.2003. A Guide to Streamwalking. North Carolina Department of Environment and Natural Resources. Raleigh, NC
http://www.people.virginia.edu/~sos-iwla/
http://www.people.virginia.edu/~sos-iwla/Stream-Study/Methods/Form.HTML
http://www.k12science.org/curriculum/waterproj 

http://www.oznet.ksu.edu/kswater/fact%20sheet%20PDFs/W8%20stream%20biology3.pdf
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Teacher Notes: 

Macroinvertebrate samples must be collected prior to the lesson. Samples may contain large amounts of leaf litter.  The organisms must be removed from the litter so that samples are ready for identification. (Students can do this, but time was not budgeted for this in this lesson plan.)  Organisms can be preserved in alcohol for the class activity or refrigerated. Live organisms will eat each other if you do not keep them chilled.  White ice cube trays filled with a small amount of stream water are an easy way to sort and store the insects by visual appearance as you remove them from the sample.  

Collecting Stream Organisms: 

There are many references that describe the proper techniques for sampling benthic macroinvertebrates.  However, for purposes of using macroinvertebrates in the 8th grade classroom, I have chosen to keep this process simple and quick since my time is limited.  Our results may be less precise, but they are adequate for teaching the intended concepts. 

Equipment - kick net, boots or old shoes that can get wet, 2 liter soda bottle to collect a water sample, hand lenses, tweezers or forceps to remove organisms from net, containers to store collected organisms (ice cube trays or small jars and vials, alcohol if you plan to preserve your specimens), garbage bags, sample labels, permanent markers, pencil (for labels that will be placed in alcohol with preserved specimens); additional equipment may be needed if you plan to measure stream flow or turbidity

Kick Net – This is the tool of choice for collecting stream organisms. A kick net can be cheaply and quickly made by stapling a 3 X 4 ft length of plastic window screen to two 4 to 5 ft long garden stakes.  It takes two people to use a kick net.  One person should set one end of  the kick net onto the stream bed in a manner that the lower edge of the screen is in contact with the stream bottom.  The second person should stand 2 to 4 ft upstream of the net and shuffle their feet to stir up the rocks and debris on the stream bottom.  Any organisms in the debris will float into the net.  

Where to sample - Locate a shallow site in an easily accessible stream that has gravel and rocks on the stream bottom.  Use a kick net to collect the organisms. 

How to save time – Ideally, organisms should be removed from the net immediately after sampling. If the collected sample contains a lot of debris, I prefer to store the whole net and sample in a garbage bag and take this back to the classroom for sorting. This allows the students to do the collecting and sorting.  The risk of doing this is that the organisms may consume each other. Each net is rolled up and stored in a garbage bag. Insects can be collected off the nets and garbage bag the next day. This works best in winter when the nets can be stored outside to slow the metabolism of the organisms. If you plan to do this, bring a separate kick net for each site that you plan to sample.  

If you collect a large number of organisms at a single site, you can sub sample your catch rather than count and identify every organism.  Methods for sub sampling are included in the listed references. 

Specimen Collection – If you do not have a collection of preserved organisms, I recommend that you start a collection.  Students can use these preserved specimens in the vials to practice their use of the dichotomous keys.  Ethanol is a very good preservative, but isopropyl alcohol is more readily available and is adequate.  
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