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Stream
Environments

	Lead Staff Member 
	Time Allotment 

	Dan Shepardson
	1 hour


Overview

	Lecture and activities introduce learners to the characteristics of stream environments, stream quality indicators, macroinvertebrates, and data handling (analysis) procedures based on EPA metrics and Index of Biological Integrity (IBI) score.


Instructional Cluster

	· Sense of Purpose
	(  Eliciting Ideas
	(   Engaging Learners 

	Activity is framed by learner ideas about stream environments, building to an understanding of stream quality.
	Learner ideas are elicited by the “Stream Environments” survey.
	Learners are engaged through questioning and discussion and through an analysis of hypothetical stream data.

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	(   Assessing Progress  

	Learners’ apply EPA stream macroinvertebrate metrics and Index of Biological Integrity.
	Discuss the similarities and differences between two hypothetical stream samples and share their thinking about the use of metrics and IBI scores for determining stream quality
	


	Objectives

· Introduce learners to characteristics of stream environments and stream quality indicators.

(  Overview macroinvertebrates as indicators of stream quality.

(  Practice using EPA’s metrics and Index of Biological Integrity to determine stream quality.
	Materials

	
	· Copies of the stream environment survey, stream samples, and IBI worksheets.

(  Overheads of stream quality indicators, stream environments, stream microhabitats, general stream types, macroinvertebrate communities, macroinvertebrate indicators, data collection and use, and metrics and IBI examples

	
	Safety Issues/Precautions  


	Procedure

1. Learners complete “Stream Environments” survey whereby they generate a list of stream quality characteristics and draw a cross sectional and aerial view of what a quality stream environment might look like.  Several participants share their responses as a means for discussing learners’ initial understandings of stream environments.

2. Stream quality indicators are next introduced and discussed in light of learners’ initial ideas: physical, biological, and chemical (see Appendix for overhead).

3. Factors affecting stream environments are introduced and discussed in light of the learners’ drawings.

4. Stream microhabitats are introduced.

5. General stream types and their biology are overviewed (see Appendix for overhead).  The key points are: productivity and diversity, with bedrock streams low in productivity and diversity, rubble/gravel streams high in productivity and medium diversity, muddy/silt bottom streams high in productivity and diversity, and sandy streams least productive.

6. Macroinvertebrats are introduced as indicator to stream quality, as synergistic measures of stream health.  The variety of ways of looking at macroinvertebrates are overviewed (see Appendix for overhead), as well as pollution sensitivity groupings (see Appendix).  It should be noted that different streams and different geographic areas might have different pollution sensitivity groupings.

7. Data collection and use is overviewed, with examples of two metrics shared and an example of an Index of Biological Integrity (IBI) score.  The IBI is a means of determining stream quality based on multiple metrics.  Learners are walked through the sample IBI (see Appendix).

8. Learners are than provided with two hypothetical stream samples and an IBI and are to determine the IBI score for the two samples.  Use the following as the sensitivity-weighting factor: Group 1 Sensitive, 5; Group 2 Somewhat Sensitive 3; and Group 3 Tolerant 1.  Note that this weighting factor may not apply to all geographical areas and is also synthesis of more complex procedures.  Participants compare their IBI scores.   Questions to facilitate discussion:
· Have participants determine which stream is gravel bottomed and which is muddy bottom.

· How do the IBI scores compare between streams?

· How reliable is the IBI score in determining stream quality?

· Based on the organisms do you think there is a difference between the two streams?

· How do the two streams compare in terms of the abundance and diversity of organisms?  Which stream has more organisms (abundance)?  Which has more types of organisms (diversity)

Stream B is a slower moving muddy/silt bottom stream; Stream C is a faster moving gravel bottom stream.

9.  Distribute a copy of the “Quick Reference Guide . . .” to participants as a resource.




	National Research Council Science Education Standards




Professional Development

	Professional Development Standard A  Professional development for teachers of science requires learning essential science content through the perspectives and methods of inquiry.

· Involve teachers in actively investigating phenomena that can be studied scientifically

· Interpreting results

· Making sense of findings consistent with currently accepted scientific understanding

Professional Development Standard B  Professional development for teachers of science requires integrating knowledge of science, learning, pedagogy, and students; it also requires applying that knowledge to science teaching.

· Address teachers’ needs as learners and build on their current knowledge of science content, teaching, and learning.

· Use inquiry, reflection, interpretation of research, modeling, and guided practice to build understanding and skill in science teaching.

Professional Development Standard D  Professional development programs for teachers of science must be coherent and integrated.

· Clear, shared goals based on a vision of science learning, teaching, and teacher development congruent with the National Science Education Standards.




Teaching  

	Teaching Standard B  Teachers of science guide and facilitate learning.

· Orchestrate discourse among students about scientific ideas.

· Challenge students to accept and share responsibility for their own 

· learning.

Teaching Standard E  Teachers of science develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning.

· Display and demand respect for the diverse ideas, skills, and experiences of all students.

· Nurture collaboration among students.




Inquiry 

	Use appropriate tools and techniques to gather, analyze, and interpret data.

Develop descriptions, explanations, predictions, and models using evidence.

Think critically and logically to make the relationships between evidence and explanations.

Communicate scientific procedures and explanations.




Content 

	Life Sciences: Populations and ecosystems.

Science in Personal and Social Perspective: Populations, resources, and environments.


	Resources

	Andrews, W. A. (1972).  Freshwater ecology.  Englewood Cliffs, NJ: Prentice-Hall, Inc.

Cornell Cooperative Extension (1996).  Pond and Stream Safari: A Guide to the Ecology of Aquatic Invertebrates.  Ithaca, NY: Cornell Cooperative Extension

EPA (1997).  Volunteer Stream Monitoring: A Methods Manual.  Washington, DC: United States Environmental Protection Agency, Office of Water.


Appendix

Stream Quality Indicators




Characteristics of a Macroinvertebrate Community

· Species Richness (Diversity): The number of different types of organisms present.

· Abundance (Quantity): The number of organisms present.

· Composition: The types of organisms present or that make up the community.

· Functional Feeding Groups: Groups of organisms that share similar feeding strategies—shredders, collectors, grazers, predators.

· Pollution Sensitive: The tolerance of organisms to pollution, grouped in taxa that reflect sensitivity to pollution.

Common Macroinvertebrate Indicators for Streams

	Macroinvertebrates by Taxa Grouping

	Pollution Sensitive Organisms

Stonefly, Caddisfly, Water Penny (Beetle larva), Riffle Beetle, Mayfly, Dobsonfly, Right-handed Snail

	Somewhat Pollution Tolerant Organisms

Alderfly, Fishfly, Damselfly, Crane Fly, Dragon Fly, Fingernail Clam, Aquatic Sowbug, Scuds

	Pollution Tolerant Organisms

Aquatic Worms, Midge Flies, Blackfly, Planaria, Leech, Rat-tailed Maggot, Left-handed Snail


Example of the Metrics Used to Calculate an Index of Biological Integrity 

(IBI) Score

Metric Worksheet for a

Hypothetical Stream

	
Metrics
	Site Values
	Biosurvey Score

 6           3             0

	No. of Taxa
	12
	20+
	19-10
	9-0

	No of EPT

Taxa
	6
	8+
	7-4
	3-0

	Percent Dominance
	67
	30-0
	31-50
	51+

	Sensitive Taxa Index
	3.8
	0-5.0
	5.1-6.8
	6.9+

	Column Score

(Multiply value circled by score)
	6


	6


	0



	Total Score, IBI

(Sum of column scores)
	12



	Biosurvey Scoring Guide

Total Score             Stream Quality

         18+               Good quality stream

       9-17              Fair quality stream

         0-8                Poor quality stream


EPT = mayflies, stoneflies, and caddisflies
Example Metrics

· Percent abundance EPT: EPT/n, where EPT = mayflies, stoneflies, and caddisflies, and n = number of individuals in sample.

· Sensitive taxa index:  (Xit)/ n, where Xi = number of individuals in each taxa, t = tolerance value, n = number of individuals in sample.

Data Collection and Use

Raw Data, Counts

(Macroinvertebrate Samples)


Metric


Index of Biological Integrity

(Multiple Metrics)

Factors Affecting the Stream Environment

	· Adjacent watershed

· Floodplain

· Riparian zone

· Stream bank

· Streamside cover

· Stream vegetation

    (emergent, submergent, 

    & floating)
	· Channel

· Pools

· Riffles

· Runs or glides

· Stream velocity

· Substrate (mud/silt, sand, gravel, rubble, bedrock)


General Stream Types and Biology

Bedrock Streams

· Low productivity, little food and life

· Blue-green alga, Mosses

· Mayfly nymph, nematodes

Rubble/Gravel Streams

· High stream velocity and oxygen

· High food supply, macroinvertebrates adapted to clinging to rocks/gravel

· Blue-green alga, Mosses, Elodea, diatoms (tend to be more floating type plants)

· Bristleworms, nematodes, Hydra, protozoans, planaria, leeches

· Snails and clams

· Midges, blackfly larva, dobsonfly larva, cranefly larva

· Mayfly and stonefly nymphs, caddisfly larva, riffle-beetles, dragonfly and damselfly nymphs

· Fish—daces, sticklebacks, darters, trout, small mouth bass

Muddy/Silt-Bottom Streams

· Usually high productivity, slower velocity and lower oxygen

· More characteristic of a pond, especially as sediments build up

· Increase in emergent and submergent plants (arrowhead, burreed, water weed) increasing consumers

· Nematodes, Copepods, protozoans, aquatic worms, leeches, snails and clams

· Mayfly, dragonfly, and damselfly nymphs

· Midge larva (bloodworm), water boatman

· Crayfish

· Fish—suckers, carp, catfish

Sandy Streams (not common)

Least productive stream

Metric Worksheet for 

Stream Sample 

	Metrics
	Site Values
	Biosurvey Score

6            3              0

	No. of Taxa
	
	20+
	19-10
	9-0

	No of EPT

Taxa
	
	8+
	7-4
	3-0

	Percent Dominance
	
	30-0
	31-50
	51+

	Sensitive Taxa Index
	
	0-5.0
	5.1-6.8
	6.9+

	Column Score

(Multiply value circled by score)
	
	
	

	Total Score, IBI

(Sum of column scores)
	

	Biosurvey Scoring Guide

Total Score             Stream Quality

         18+               Good quality stream

       9-17              Fair quality stream

         0-8                Poor quality stream


EPT = mayflies, stoneflies, and caddisflies
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Physical


(Depth, velocity,


temp., SS, bottom, bank)





Biological


(Macroinvertebrates,


plants, other animals, bacteria)





Chemical


(Alkalinity, pH,


conductivity,


DO, P, N)
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