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[bookmark: _Toc301927871]Project overview
The Math-Science Partnership “Culturally relevant ecology, learning progressions and environmental literacy” is an NSF-funded project that connects the research and education prowess in the environmental sciences of universities and the Long-term Ecological Research Network with the professional development of science teachers of partner middle schools and high schools. The project involves four LTER research sites (Santa Barbara Coastal, Short-grass Steppe, Kellogg Biological Station, Baltimore Ecosystem Study) and 22 K-12 schools/districts that extend across the nation, and directly impacts over 250 science teachers and up to 70,000 students of highly diverse backgrounds. The program focuses on coupled human-ecosystem interactions in the context of socio-ecological systems as a framework to promote place based learning and environmental literacy and seeks to increase students understanding of global water and carbon cycling, as well as biodiversity. We are developing learning progression frameworks and associated assessments that document pathways to understanding these three themes for middle school and high school students.  Phenomena included in the Biodiversity learning progression include the nature of relationships among populations in ecosystems (including both natural ecosystems and human production systems such as farms), biological community assembly, microevolutionary changes in populations, and changes in ecosystems associated with succession and disturbance.

Biodiversity is a resource that, once destroyed, cannot be fully restored; thus reductions in biodiversity significantly reduce our capacity to respond to future environmental changes. Yet human activities are currently responsible for continual loss of genetic, species and functional diversity across the globe. Reversing this trend will, in part, require a population of citizens that are literate about biodiversity: able to predict the effects of their actions on the diversity of life while sustainably acquiring food, fuel and other necessities from natural and managed ecosystems. Despite its fundamental importance to our society, biodiversity is often covered only at the ends of school semesters or textbooks (i.e. ecology sections), instead of receiving the sustained attention we believe it needs in order to become more comprehensible and relevant to students.

We have approached our work on student understanding of biodiversity, and environmental science literacy in general, through the lens of learning progressions. Learning progressions are descriptions of increasingly sophisticated ways of thinking about or understanding a topic.  Well-grounded learning progressions can serve as a basis for dialogue among science education researchers, developers of standards documents, assessment developers, and curriculum developers.  This approach is endorsed by both the National Research Council and the National Assessment Governing Board in the framework for the 2009 NAEP science test.  

Further, our research has been guided by our ideas about informed citizenship.  In both public roles (e.g., voter, advocate) and private roles (e.g., consumer, worker, learner), we want to prepare students to recognize how their actions affect the material world—the environmental systems on which we and our descendents depend—and who can use scientific knowledge to assess the possible environmental consequences of our actions. For us that does not imply any particular political position, but it does mean informed citizens should be able to do two things: 
1. understand and evaluate experts’ arguments about environmental issues, and
2. choose policies and actions that are consistent with their environmental values.

	Children in school today will face decisions about many issues in which biodiversity plays an important role.  We rely for our survival on production systems (e.g., agricultural monocultures, factories) that greatly reduce the biodiversity of natural ecosystems.  We further reduce biodiversity through land use for housing and transportation, and through the interconnected changes in climate, atmosphere, hydrological systems, and biological communities that we broadly label “climate change.”  Our citizens will need to understand how our actions affect the biodiversity of the ecosystems within which we live and thus the ability of those ecosystems to provide ecosystem services on which we rely.  
[bookmark: _Toc301927872]Big Ideas for Unit
The purpose of this unit is to increase students’ ability to apply principles of biodiversity to their observations and reasoning about the natural world, using the freshwater stream ecosystem as the context for learning.   Specifically, this unit has been designed to help students:
1. Recognize that macroinvertebrate and microorganism diversity exists.
2. Be able to classify organisms based on similarities and differences in morphology, biotic (e.g. type of prey or food available) and abiotic (e.g. the concentration dissolved oxygen, the amount of sunlight) requirements, and dispersal ability. 
3. Understand major factors that structure biological communities: organisms must be able to get to a location and have particular abiotic and biotic requirements that must be met if they are to survive and reproduce. 
4. Understand that an organisms' activities (e.g. feeding activities) influence the abiotic environment (e.g. water clarity, dissolved oxygen, mineral nutrients) and be able to predict how a change in the population of a given organism would impact the abiotic environment and, in turn, other biota
Students will work in small groups and as a whole class to perform a qualitative and quantitative analysis of organisms found in 2-4 leaf pack treatments (i.e. location in stream, type of leaves).  Students use keys to identify organisms and supplemental resources (e.g. readings, diagrams and sorting cards) to group and classify organisms and describe organisms’ interactions with the abiotic and biotic environment. In each of their analyses, students start with macroscopic organisms and then add microscopic ones. 
 17

[bookmark: _Toc301927873]Unit Timeline
	Time
	Lesson
	

	30 min
	Lesson 1—opt 
	Introduction of Biodiversity Vocabulary

	45 min
	Lesson 2—core 
	Making a Stream Food Web Poster

	45 min
	Lesson 3—core
	What lives in leaves in a stream?

	45 min
	Lesson 3a—opt
	     In-class experiment set-up 

	1 full day
	Lesson 3a—opt
	     Field trips to place and remove leaf packs in local stream:[footnoteRef:1] [1:  You can choose to take your students (or a subset) to the stream 0, 1, or 2 times but you or someone you trust (e.g. a GK-12 fellow, TIR, your spouse) need to go to the stream twice: once to place the leaf pack bags and another, 3-4 weeks later, to pick them up.] 


	Two 45 min periods
	Lesson 4—core 
	What lives in leaf packs? Macroinvertebrate data collection: [footnoteRef:2]  [2: 
 Instructional day 2 needs to be 3-4 weeks after you or the students place the leaf pack bags into the stream.  If you plan for students to be involved/or feel involved in designing the experiment and placing the bags in the stream, instructional day 1 must take place 3-4 weeks before instructional day 2.  If you want to present day 1 immediately preceding day 2, you can set up the experiment 3-4 weeks before day 2 and present the experiment to the students, cooking-show style.] 


	45 min
	Lesson 5—core
	Who eats whom?

	Two 45 min periods
	Lesson 6—core
	What lives in leaf packs? Let’s look closer

	45 min
	Lesson 7—opt 
	Energy/Trophic Pyramid 

	45 min
	Lesson 8—opt 
	What size is it?

	45 min
	Lesson 9—opt 
	How are living things classified

	45 min
	Lesson 10—core 
	How are organisms related?

	45 min
	Lesson 11—core
	Disturbance and Dispersal

	45 min
	Lesson 12—core
	Who eats whom? revisited

	Two 45 min periods
	Lesson 13—core
	What affects what lives in leaf packs?

	45 min
	Lesson 14--core
	Comparing the stream to a familiar ecosystem

	45 min
	Lesson 15—opt
	Designing a defended hypothesis

	Three 45 min periods
	Lesson 16—opt
	Citizenship extension



[bookmark: _Toc301927874]Learning Progression Framework for Biodiversity in Communities 
	Level
	Biotic Interactions
	Abiotic Interactions
	Dispersal
	Community Composition

	4
	a. explain how modification of the abiotic environment by one organism can have affects on other biota
b. Recognizes both direct (trophic, mutualisms, etc.) and indirect (competition mediated through other biota or resources, etc.) interactions as driven by constant appropriation of matter and energy from other organisms for purposes of growing/reproduction. 

(L3 students recognize that organisms can change the abiotic environment, but L4 students can articulate the consequences of those interactions.)
	a. Dispersal is an integral process to the structure of communities and a major way in which species cope with change 
b. Dispersal is limited by both an organism’s traits and external factors (e.g., distance, biotic and abiotic characteristics of the environment) Student can acknowledge explain multiple influences on dispersal
	Understand effect of multiple biotic and abiotic interactions is not additive, but complex in nature (i.e. arrangement of components and interactions heavily influences outcomes); recognize that dispersal is important; communities change over time and space (dynamic); also understand the idea of feedback

	3
	a. Describes different types of interactions besides predator-prey (e.g. competition, mutualism).
b. Describe that predator-prey interactions influence life-cycles, including reproduction (i.e. if an animal doesn’t get enough food, it may not be able to reproduce). 
c. Explain how a change in one population may affect populations one step up or down in the food web/chain AND more than one step up or down in the food web/chain (i.e. a trophic cascade).
d. Describe that the effect of positive interactions is that an organism gets matter and energy 
e. Explain how an organism’s traits affect its interactions with other organisms.
	a. List abiotic factors and explain how the factors influence the growth, survival, or reproduction 
b. Explain how one key trait of an organism influences how it interacts with specific parts of the abiotic environment, but can’t explain that an organism simultaneously interacts with different parts of the environment using different traits
c. Acknowledges that an organism can be affected by its abiotic environment and that an organism can affect its abiotic environment
	a. Dispersal is important to communities and persistence of species 
b. Dispersal of a species is limited by the traits of an organism 
c. Dispersal of a species is limited by the environment
	Understands that both biotic and abiotic components of a community are important, but not the feedback mechanisms among these.  Or combines a combo of 2 of the following: dispersal, abiotic, biotic.

	2
	a. Describes predator-prey as only relevant interaction and the effect of the interaction as life or death (“organisms need to eat to live”) and leaves out the idea of reproduction
b. Acknowledge that a change in one species may affect species one step up or down in the food web/chain, but don’t understand that interactions can affect other interactions further along in the food web/chain
	a. List abiotic factors but can’t explain how factors affect growth, survival, or reproduction 
b. Doesn’t link trait(s) of orgs with how it interacts with the environment
c. Acknowledges that an organism can be affected by its abiotic environment but not that an organism can affect its abiotic environment
	a. Dispersal is not limited (i.e. all species move around at will) 
b. Dispersal ability is not connected to traits of organisms
c. Isn’t important on the scale of community (even if dispersal happens, it doesn’t change things)
	Any combination of L2 indicator sets in columns 1-3

	1
	a. Sees organisms as helping or harming each other, i.e. sees anthropomorphic result of an interaction as good or bad; OR
b. Don’t recognize interactions w/ other biota 
	a. Only sees abiotic environment as scenery or supply of needs (as an enabler); OR 
b. Can’t distinguish living and non-living aspects of the ecosystem
	a. Dispersal not acknowledged as happening or necessary for presence; 
b. Dispersal only occurs through humans moving organisms 
	Community is structured solely by external forces acting upon it (e.g. God, humans, catastrophe); L1 elements from columns 1-3.


[bookmark: _Toc301927875]Learning Progression Framework for Recognition of Biodiversity
	Level
	Taxa Recognition
	Grounds for Relatedness
	Understanding of Ecological Roles/Function

	4 
	Mixture of broad and fine groups and specific designations, including microscopic or other ‘hidden’ species (i.e. soil organisms that aren’t typically visible – e.g. fungus that is large enough to see, but growing underground) 
	a. Group organisms in multiple ways using multiple traits (e.g. function, feeding group, morphology, evolutionary relatedness). AND
b. Explain traits of an organism if told where the organism fits in the phylogeny (i.e. they know some of the basic traits of groups like plant, animals, fungi etc.)
c. Acknowledge that dissimilar looking organisms can be phylogenetically related (i.e. groups are put together based on evidence of evolutionary common ancestry--even if students don’t know what that evidence is)
	a. Discuss more than one functional role of an organism (i.e. moving beyond feeding) AND
b. Explain how a function being carried out by one organism can modify the abiotic environment and in turn have affects on other biota (e.g. the nitrogen released by decomposers can be used by algae for growth)
c. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements) 
d. Explain that  decomposers are just like other heterotrophs in that they take in and use food for matter and energy

	3 
	Mixture of broad and fine groups and specific designations (e.g. common or scientific name of a species)
	a. Group organisms in multiple ways using multiple traits (e.g. function, feeding group, morphology, evolutionary relatedness).

	a. Discuss more than one functional role of an organism (i.e. moving beyond feeding)
b. Recognizes functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function)
c. Explain that decomposers break down dead things for the purpose of obtaining food for themselves, not to decompose things

	2 
	Some finer designations (e.g. robins and jays, beetles and flies) in addition to broad groups 
	a. Recognize similarities and differences among familiar groups of animals and plants that may not seem related (e.g. birds and mammals - L1 students may only see that mammals are animals, while L2 may see that mammals and birds are both animals).  
b. Recognize the idea of lineage, insomuch as they acknowledge that like organisms descend from like organisms (e.g. poodles descended from poodles).
c. Acknowledge there can be differences within the same group (e.g. poodles and labs are both dogs even though they don’t look the same, a sapling and a tree might be the same even though they are different sizes).
	a. Discuss feeding relationships
b. Explain the idea of “role” in a general sense (“everything has a job to do in the ecosystem”)
c. Know that decomposers are organisms that decompose dead things

	1 
	Common name groups (e.g. birds, insects, etc) 
	Recognize that one organism is different from others based on outward physical similarities and differences. 
	Explain that organisms have human-like roles, like taking care of other organisms
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	Unit Goals for Biodiversity
The purpose of this unit is to increase students’ ability to apply principles of biodiversity to their observations and reasoning about the natural world, using the freshwater stream ecosystem as the context for learning.  A major focus of the unit is to engage students in the question of why communities are assembled in a particular way. 

	1. Biodiversity in Communities
	2. Recognition of Biodiversity

	a. Understanding biotic interactions (Lessons  2, 3, 4, 5, 6, 7, 9, 10, 12, 13)
b. Understanding abiotic interactions (Lessons 2, 5, 6, 7, 8, 11, 13, 14)
c. Understanding dispersal (Lessons 3, 11, 12, 13, 14)
d. Explaining community composition (Lessons 2, 3, 9, 10, 11, 13, 14, 15)
	a. Recognizing organisms and taxa (Lessons 4, 6, 10)
b. Classifying and understanding relatedness (Lessons 5, 7, 10, 12, 13)
c. Understanding ecological roles or functions (Lessons 2, 3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14)





















Unit Goals for Biodiversity 
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1
: 
Optional 
Introduction of biodiversity vocabulary
Engage
 prior knowledge of biodiversity using vocabulary.  
) (
1
6
.
 
Optional 
 
Citizenship Extension
 * 
Goal 
2c
Apply student learning to decide whether to build a mall on a city park.  
) (
1
5
. 
Optional 
Design an experiment with defended hypothesis
 
* 
Goal 1
d
, 2c
Evaluate/Elaborate
 assess student understanding of biodiversity by developing a hypothesis and experiment to test it.
) (
14
:
 
Comparing the stream to what is familiar
 
* 
Goal 
1bcd, 2
c
Evaluate/ Elaborate
 on 
prior 
lessons by applying unit concepts to a different ecosystem.
) (
13
:
 
What affects what lives in leaf packs? 
* 
Goal 1abcd, 2
b
c
Explore
 leaf pack data and 
Explain
 why the communities are they way they are
, including a discussion of functional redundancy
.
) (
10
: 
How are organisms related?
* 
Goal 
1ad
, 2
a
bc
Explain
 
how
 organisms found in leaf packs are related and classified.
) (
11
: 
Disturbance and Dispersal
* 
Goal 1bc
d, 2
c
Explain
 how 
an organism’s 
traits influences
 how it interacts with specific parts of the 
abiotic
 environment using the interactions process tool
. 
) (
9
: 
Optional
 
How are organisms classified?
* 
Goal 1ad, 2
c
Explain
 
how
 organisms found in leaf packs are classified
 based on key characteristics
.
) (
8
: 
Optional
What size is it?
* 
Goal 1b, 2
c
Explain
 
the range of sizes of living and non-living things in the leaf pack.   
) (
3
: 
What lives in l
eaves in a stream?
* Goal 1acd, 2c
Engage
 
prior
 know
ledge
 about how organisms interact with 
the 
abiotic
 environment around them (incl. dispersal) 
and why they think communities are
 structured
 the way they are.
) (
5
:
 
Who eats whom? 
* Goal 1ab, 2ac
Explain
 
how
 
macroinvertebrates
 interact with other organisms while getting food. 
  
Explain
 how an organism’s mouthparts affect how it obtains food, and how this feeding affects the 
abiotic
 environment.  
) (
6
: 
What lives in leaf packs?  Let’s look closer
* Goal 
1ab, 
2
a
Explore
 
microorganism
 diversity living in the packs.  
Explain
 how decomposition works and affects the 
abiotic
 environment.
) (
4
: 
What lives in leaf packs?
*Goal 1a, 2a
Explore
 macro-invertebrate diversity living in leaf packs.
) (
2
: 
Making a stream food web poster
* Goal 1ab
d
, 2c
Engage
 
prior
 
knowledge
 about how organisms interact 
(focusing on food webs)
 and why they think communities are
 structured
 the way they are.
) (
7
: 
Optional
 
Energy/
Trophic
 Pyramids
* 
Goal 1ab, 2b
c
Explain
 
how energy moves in an ecosystem using the food chain process tool.  
) (
12
: 
Who eats whom? Revisited
* 
Goal 
1ac, 2bc
Explain
 
the feeding groups of major organisms in a freshwater stream, and 
how 
different types of feeding 
can change the 
abiotic
 environment to influence other organisms. 
)
Unit Goals for Biodiversity in Communities
	Goals
	Biotic Interactions
	Abiotic Interactions
	Dispersal

	Unit
	a. Describe competitive interactions, in addition to predator-prey.
b. Explain how a change in one population may affect populations one step up or down in the food web/chain AND more than one step up or down in the food web/chain (i.e. a trophic cascade).
c. Describe that the effect of feeding is that an organism gets matter and energy.
d. Explain how an organism’s traits (specifically its mouthparts) affect how it obtains food.
	a. List abiotic factors and explain how the factors influence the growth, survival, or reproduction of an organism.
b. Explain how one key trait of an organism influences how it interacts with specific parts of the abiotic environment.
c. Acknowledge that an organism can be affected by its abiotic environment and that an organism can affect its abiotic environment.
	a. Dispersal is important to communities.
b. Dispersal of a species is limited by the traits of an organism.
c. Dispersal of a species is limited by the environment.

	
	a. Explain how modification of abiotic environment by one organism can  have affects on other biota .
	

	
	a. Describe that biotic interactions, abiotic resources and conditions, and dispersal are all important structuring elements of communities.

	Lesson 1: Introduction of Biodiversity Vocabulary
	At the end of this lesson, SWKABAT: 
Use the basic vocabulary presented throughout the unit.  

	Lesson 2: core: Making a stream food web poster
	At the end of this lesson, SWKABAT: 
a. Describe where producers, consumers, decomposers each get their food
b. Explain how matter and energy are related to why organisms need food
To support these goals, students will:
a. Brainstorm what lives in a stream
b. Construct a food web of a stream 
c. Identify similar feeding groups on the food web using color codes (consumer, producer, decomposer)
d. connect feeding to transfer of matter and energy

	At the end of this lesson, SWKABAT: 
a. List abiotic factors relevant to stream ecosystem
To support these goals, students will:
a.      Brainstorm the abiotic factors at work in a    
         stream ecosystem
	

	Lesson 3:  What lives in leaves in a stream?  
	At the end of this lesson, SWKABAT: 
a. Describe where producers, consumers, decomposers each get their food
b. State that decomposers are organisms that live in the stream and break down dead things 
c. Explain how matter and energy are related to why organisms need food
To support these goals, students will:
a. Brainstorm which organisms from their food webs in Lesson 2 could be found in a leaf pack habitat
b. Explain how the presence of organisms in the leaf pack could be affected by other biota
	At the end of this lesson, SWKABAT: 
a. List abiotic factors relevant to stream ecosystem
To support these goals, students will:
a. Explain which abiotic factors could influence the presence of organisms in the leaf pack experiment

	At the end of this lesson, SWKABAT 
a. Define dispersal as the ability to travel to a new habitat
To support these goals, students will:
a. Brainstorm about and discuss whether some organisms could get to the leaf pack or not and where organisms might have been prior to colonizing the leaf pack.

	
	At the end of this lesson, SWKABAT :
a. State that biotic interactions, abiotic resources and conditions, and dispersal are all important structuring elements of communities.
To support these goals, students will:
a. Brainstorm about and discuss the factors that affect what organisms will live in a leaf pack
b. Design an experiment to test what effects what lives on the leaves.
Optional: pack leaves in mesh bags and take a field trip to a local stream to set up the experiment.

	Lesson 4: What lives in leaf packs? Macroinver-tebrate data collection
	At the end of this lesson, SWKABAT: 
a. observe characteristics of stream macroinvertebrates
b. recognize that macroinvertebrate diversity exists
c. classify these organisms into fine groups (e.g. mayflies, dobsonflies) based on similarities and differences in morphology
To support these goals, students will:
a. Examine leaf packs collected from a stream and sort into similar groups based on observable characteristics 
	
	

	Lesson 5:  Who eats whom?
	At the end of this lesson, SWKABAT:
a. Explain how an organism’s mouthparts affect how it obtains food
b. Explain how organisms with similar anatomy and preferences for feeding might compete for food
c. Construct and label feeding groups and direction of matter and energy flow in a food web 
To support these goals, students will:
a. Observe mouthparts of the macroinvertebrates via pictures, video, and live animals, connecting mouthpart anatomy and feeding preferences
b. Construct food web of stream ecosystem using prepared organism cards
c. Identify feeding groups on the food web
d. Discuss how functional redundancy might lead to competition for matter and energy
	At the end of this lesson, SWKABAT: 
a. Explain how the feeding actions of an organism could affect the abiotic environment
To support these goals, students will:
a. Discuss how an organism could modify its abiotic environment as it obtains food
b. Predict how a change in an organism could affect the abiotic environment using a graphic organizer

	

	Lesson 6: 
What lives in leaf packs? Let’s look closer
	At the end of this lesson, SWKABAT: 
a. observe microscopic life
b. recognize that diversity of microscopic life exists
c. group microscopic life based on feeding group
d. Explain that decomposers get food to obtain matter and energy, just like other consumers do 
To support these goals, students will: 
a. View microscopic life using stream samples and/or video
b. Use a basic key to classify microscopic organisms
	At the end of this lesson, SWKABAT 
a. Explain that when decomposers get their food they don’t take up everything from the environment that they digest, so some minerals and other good molecules are left in the environment to be taken by other organisms
To support these goals, students will:
a. View presentation on decomposers and discuss the roles of decomposers in feeding on the leaves
b. Observe results of decomposers feeding on  Jell-O plates.
	

	Lesson 7: optional Energy/ Trophic Pyramids
	At the end of this lesson, SWKABAT: 
a. Explain how matter and energy are related to organisms’ need for food
b. Trace the pathways of matter and energy through an ecosystem
To support these goals, students will:
a. Build a trophic pyramid using the organisms they found in their leaf packs.  
b. Be able to trace matter and energy through an ecosystem using the model of a food chain (process tool)

	
	

	Lesson 8: 
Optional: What size is it?
	At the end of this lesson, SWKABAT:
a. Describe the relative size and composition of matter and organisms found in a stream environment
To support these goals, students will: 
b. Use a graphic organizer( Powers of Ten process tool) to understand the range of sizes of matter in a stream

	At the end of this lesson, SWKABAT:
a. Describe the relative size and composition of matter and organisms found in a stream environment
To support these goals, students will: 
a. Use a graphic organizer( Powers of Ten process tool) to understand the range of sizes of matter in a stream

	

	Lesson 9: optional: How are organisms classified?
	At the end of this lesson, SWKABAT: 
a. State the traits of an organism if told where the organism fits in the biological classification at the kingdom and phylum (for animals) level
b. Explain related groups have some related traits (i.e. all animals groups have common traits)
c. Know that group relatedness is based on evidence of evolutionary common ancestry (optional)
To support these goals, students will: 
b. Compare prokaryotes and eukaryotes
c. Use that knowledge to identify the differences between the main kingdoms of life

	
	

	Lesson 10: How are organisms related?  
	At the end of this lesson, SWKABAT: 
a. Classify organisms into nested, broad groups (e.g. Kingdom, phylum) based on similarities and differences in morphology
b. Place organisms in a biological classification based on morphological characteristics
c. State the traits of an organism if told where the organism fits in the biological classification at the kingdom and phylum (for animals) level
d. Explain related groups have some related traits (i.e. all animals groups have common traits)
e. Know that group relatedness is based on evidence of evolutionary common ancestry (optional)
f. Explain the importance of diversity within a similar group of organisms 
g. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements)

To support these goals, students will: 
a. Classify organism cards provided by the teacher onto the Web of Life poster as a warm-up
b. Classify organisms from the leaf packs using observable characteristics as well as internal morphological traits
c. Observe mayfly diversity using a video and discuss the importance of diversity 

	At the end of this lesson, SWKABAT: 
a. List abiotic factors relevant to stream ecosystem
To support these goals, students will:
a. Explain which abiotic factors could influence the presence of organisms in the leaf pack experiment

	

	Lesson 11:  Disturbance and Dispersal
	
	At the end of this lesson, SWKABAT
a. List abiotic factors relevant to stream ecosystem
b. Explain how an organisms traits (i.e. dissolved oxygen needs) influences how it interacts with specific parts of the abiotic environment
To support these goals, students will:
a. Predict whether various stream organisms have the ability to survive after a change in DO
b. Use the Interactions Process Tool to explain the impact of a disturbance to a stream ecosystem
	At the end of this lesson, SWKABAT
a. Explain how traits of various stream organisms affect their ability to disperse from one habitat to another
To support these goals, students will:
a. Predict whether various stream organisms have the ability to disperse to a nearby stream and explain their predictions based on the traits of an organism

	Lesson 12:
Who eats whom? Revisited
	At the end of this lesson, SWKABAT 
a. Describe the roles of major feeding group types of organisms in a freshwater stream (i.e. producers, consumers-predators, shredders, collectors, scrapers, decomposers) 
To support these goals, students will:
a. Further elaborate on the food web diagram they made in lesson 2
b. Discuss ways in which different feeding groups affect the biota in the stream ecosystem
	
	

	
	At the end of this lesson, SWKABAT
a. Explain the feeding activities of producers, decomposers, shredders, collectors, and scrapers influence the stream’s abiotic environment (i.e. water clarity, dissolved oxygen, and minerals) and will be able to predict how a change in the population of each would impact the stream’s abiotic environment and in turn the biota in the stream.
b. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements) 
To support these goals, students will:
a. Brainstorm about how a decrease in each feeding group could affect the abiotic environment and in turn other biota and fill out a graphic organizer
b. Answer questions about functional redundancy and the impact of removing one type of organism in a group
	

	Lesson 13:
What affects what lives in leaf packs?
	At the end of this lesson, SWKABAT 
a. Students will know that different abiotic and biotic conditions and dispersal events differentially impact different types of organisms because organisms have particular abiotic and biotic requirements and dispersal abilities.  They will be able to explain how these differential impacts can cause a biological community to be diverse and for separate biological communities to be different.  
b. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements) 

To support these goals, students will:
a. Graph number of individuals in each group in each type of leaf pack.
b. Describe quantitative and qualitative patterns among the different leaf packs.
c. Describe differences in measured stream characteristics (if comparing leaf packs from different streams, either locally or nationally).
d. Work in small groups or pairs to interpret data from the leaf packs
e. Discuss the importance of functional redundancy in an ecosystem based on understanding of disturbances
f. Explore the range of factors that affect the diversity in an ecosystem

	Lesson 14: Comparing the stream to what is familiar
	At the end of this lesson, SWKABAT 
a. Construct and label feeding groups and direction of matter and energy flow in a food web for an ecosystem
To support these goals, students will:
a.     Transfer what they have learned by an in-depth exploration of a stream food web to their knowledge
        of another familiar ecosystem 
	At the end of this lesson, SWKABAT
a. Explain how traits of various stream organisms affect their ability to disperse from one habitat to another
To support these goals, students will:
a. Consider the importance of dispersal in the formation of their leaf pack communities

	Lesson 15:
Optional: 
Design an experiment
	At the end of this lesson, SWKABAT
a. List biotic, abiotic, and dispersal factors and explain how the factors influence the growth, survival, or reproduction of an organism.
b. Design an investigation of abiotic or biotic influences on a stream community, make predictions on the outcome, and defend their predictions

To support these goals, students will:
a. Design an experiment and predict whether some organisms will colonize the leaf packs or not based on the traits and the characteristics of the environment in between the leaf pack and the original location of the organism

	Lesson 16: Optional: Citizenship Extension
	At the end of this lesson, SWKABAT 
Use evidence from different sources to explore the impact of building a mall on biodiversity.  
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Unit Goals for Recognition of Biodiversity
	Goals
	Taxa Recognition
	Grounds for Relatedness
	Understanding of Ecological Roles/Function

	Unit 
	Acknowledges groups and specific designations, including microscopic or other ‘hidden’ species (i.e. soil organisms that aren’t typically visible – e.g. fungus that is large enough to see, but growing underground).
	a. Can group organisms in multiple ways using multiple traits (e.g. function, feeding group, morphology, evolutionary relatedness). 
b. Can explain traits of an organism if told where the organism fits in the phylogeny (i.e. they know some of the basic traits of groups like plant, animals, fungi etc.).
c. Explain that groups are put together based on evidence of evolutionary common ancestry.
	a. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements). 
b. Explain that  decomposers are just like other heterotrophs in that they take in and use food for matter and energy

	Lesson 1: Introduction of Biodiversity Vocabulary
	At the end of this lesson, SWKABAT: 
Use the basic vocabulary presented throughout the unit.  

	Lesson 2: core: Making a stream food web poster
	At the end of this lesson, SWKABAT: 
a.     Recognize the existence of a variety of
        different stream organisms, including 
        decomposers
To support these goals, students will
a.     Create a food web of a stream
        ecosystem   and highlight the different
        groups of organisms  (producers,   
        consumers, decomposers)
	
	

	Lesson 3:  What lives in leaves in a stream?  
	
	
	At the end of this lesson, SWKABAT: 
a. Describe where producers, consumers, decomposers each get their food
To support these goals, students will
b. Brainstorm where organisms get their food (especially decomposers), and how these organisms are organized into groups that demonstrate the transfer of matter and energy (food webs)


	Lesson 4: What lives in leaf packs?
	At the end of this lesson, SWKABAT: 
a. Observe characteristics of stream macroinvertebrates
b. Recognize that macroinvertebrate diversity exists
To support these goals, students will:
a. Explore the leaf packs dwelling macroinvertebrates in sorting trays.
b. Sort macroinvertebrates into groups based on observable characteristics.
c. Count the number of individuals in each group and collect class data in Excel or classroom data chart.
	At the end of this lesson, SWKABAT: 
a. Classify organisms into fine groups (e.g. mayflies, dobsonflies) based on similarities and differences in morphology
To support these goals, students will:
a. Sort macroinvertebrates into groups based on taxonomic order or class using sorting sheets and keys.
	

	Lesson 5: Who eats whom?

	
	At the end of this lesson, SWKABAT: 
a. Classify these organisms into feeding groups on the food web 
To support these goals, students will:
a. Sort macroinvertebrates into groups based on feeding group using stream biology briefs and sorting cards
	 

	Lesson 6: What lives in leaf packs?  Let’s look closer
	At the end of this lesson, SWKABAT: 
a. Observe microscopic life
b. Recognize that diversity of microscopic life exists
To support these goals, students will:
a. Observe organisms from their leaf pack at the microscopic scale 
b. Grow bacteria and fungi on Jell-O plates
c. View presentation on decomposers 
	At the end of this lesson, SWKABAT: 
a. Group microscopic life based on feeding group
To support these goals, students will:
a. Identify microscopic organisms’ feeding group using an identification guide

	At the end of this lesson, SWKABAT: 
a. Know that decomposers are organisms that live in the stream and break down dead things 
b. Explain that decomposers get food to obtain matter and energy, just like other consumers do 
To support these goals, students will:
a. Discuss what they think happens to leaves when they fall off of trees. 
b. View a presentation on bacteria and fungi
c. Connect decomposers to the food web


	Lesson 8: Optional: What size is it?
	
	At the end of this lesson, SWKABAT
a. Group organisms in multiple ways using multiple traits (e.g. function, feeding group, morphology, evolutionary relatedness). 
To support these goals, students will
a.      Organize organisms from the stream into size 
         classes using the Powers of Ten process tool
	

	Lessons 9 & 10: How are organisms classified?  And How are organisms related?  
	
	At the end of this lesson, SWKABAT: 
a. Classify organisms into nested, broad groups (e.g. Kingdom, phylum) based on similarities and differences in morphology
a. Place organisms in a biological classification based on morphological characteristics
b. state the traits of an organism if told where the organism fits in the biological classification at the kingdom and phylum (for animals) level
c. Explain related groups have some related traits (i.e. all animals groups have common traits)
d. Know that group relatedness is based on evidence of evolutionary common ancestry
To support these goals, students will:
a. View a presentation on biological classification
b. Use organism cards and a classification poster to classify the organisms found in the leaf packs and the other organisms they think interact with the organisms in their pack.
c. Fill out a worksheet and participate in discussion about  what it means to be related at the kingdom, phylum, and order levels of classification
	At the end of this lesson, SWKABAT: 
a. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements)
To support these goals, students will:
a.     Use organism cards to sort organisms and fill 
         out a worksheet about the task and participate 
         in discussion about functional redundancy

	Lesson 11: Disturbance and Dispersal
	
	At the end of this lesson, SWKABAT: 
a. Group stream organisms in multiple ways using multiple traits: dispersal potential, dissolved oxygen needs, size 
To support these goals, students will:
a. Use organism cards to sort organisms and fill out a worksheet about the task
	At the end of this lesson, SWKABAT: 
a. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements)
To support these goals, students will:
a. Use organism cards to sort organisms and fill out a worksheet about the task and participate in discussion about functional redundancy

	Lesson 12: Who eats whom? Revisited
	At the end of this lesson, SWKABAT: 
a. Describe the roles of major feeding group types of organisms in a freshwater stream (i.e. producers, consumers-predators, shredders, collectors, scrapers, decomposers) 
To support these goals, students will
a.     Revise the food web (from lesson 2) of   
        a stream ecosystem   and highlight the  
        different groups of  organisms 
        (producers, consumers, decomposers)
	
	

	Lesson 13: What affects what lives in leaf packs?
	
	
	At the end of this lesson, SWKABAT: 
a. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements) 
To support these goals, students will:
a. Apply the concept of functional redundancy to their leaf pack data

	Lesson 14:  Comparing the stream to what is familiar
	At the end of this lesson, SWKABAT: 
a. Recognize the diversity of microscopic life and macroscopic life exists in all ecosystem
To support these goals, students will:
a. Draw a food web of a familiar ecosystem
	At the end of this lesson, SWKABAT: 
b. Group familiar organisms in multiple ways using multiple traits: feeding group, phylogeny
To support these goals, students will:
a. Classify organisms using worksheet
	



[bookmark: _Toc301927879]Materials
All MSP generated materials (this guide, student handouts, electronic resources, poster files, assessments, feedback and consent forms) can be found at http://edr1.educ.msu.edu/EnvironmentalLit/publicsite/html/tm_be.html. 
[bookmark: _Toc301927880]Teaching materials
Master copies of student worksheets
Master copies of Stroud’s macroinvertebrate identification key, Stream Biology Briefs, and Life in a Drop of Water key
Master copies of student Classification and Food Web (optional) posters
Organism (biotic) and abiotic sorting cards
Large pieces of paper for small group posters and classroom lists and markers
Computer projector, overhead projector, or document camera 
Electronic versions of Excel graphing template; Classification and Food Web posters; Introduction to Riparian Ecosystem, Functional Feeding Groups, Decomposer, Biological Classification PowerPoints and various youtube videos 
[bookmark: _Toc301927881]Equipment and supplies 
Mesh bags (1 per student group for MS and Early HS[footnoteRef:3], 2 per student group for Advanced HS) [3:  The unit is designed for HS  students to do and experiment with one factor (two places in the stream).  If you feel your 9th and 10th grade students are high performing, you may choose to do the more complicated 2 factor experiment (two types of leaves, two places in the stream) with them.] 

Dry leaves from deciduous tree (2 cups per student group for MS and Early HS)
Dry leaves from evergreen tree (2 cups per student group for Advanced HS)
Tags to label leaf bags
String, bricks, or rocks to anchor litter bags in stream
Flags or flagging tape to mark leaf bag sites, if needed
Scale to weigh leaves or cup/beaker to measure volume
Waders or appropriate shoes to place bags in stream
Thermometer
Water quality test kits: Dissolved oxygen (required), turbidity, nitrate and ammonia (optional)
Stream flow measurements: ping pong ball, meter tape, stopwatch 
Buckets or trays to bring bags from stream to classroom
Scissors
Ziploc bags (1 per student group for MS and Early HS, 2 per student group for Advanced HS) (optional)

Leaf pack sorting sheets (1 per student group)
Petri dishes (9 per student group)
Plastic spoons
Tweezers
Transfer pipettes, turkey basters 
White sorting trays
Strainer or sieve and buckets for rinsing invertebrates from leaves, if desired
Squirt bottles
Hand lenses or Dissecting microscopes

“Life in a Drop of Water” video OR Compound/Light microscopes
Gelatin (Jell-O can also be used)
Slides (regular or depression) and cover slips or demoslides
Alcohol or Protoslo to slow down microbial movement, optional
Electronic microscope to project microscope images, optional
[bookmark: _Toc301927882]Standards addressed by unit objectives
	Colorado State Standards
	Michigan State Standards
	New York State Standards
	National Content Standards

	1. Physical Science
Students know and understand common properties, forms, and changes in matter and energy.
2. Life Science
Students know and understand the characteristics and structure of living things, the processes
of life, and how living things interact with each other and their environment.
	GLCEs
Constructing New Scientific Knowledge (C) I.1 All students will ask questions that help them learn about the world: All students will design and conduct investigations using appropriate methodology and technology:
Organization of Living Things (LO) III.2 1. Classify major groups of organisms to the kingdom level.
Organization of Living Things (LO) III.2 1. Compare and classify organisms into major groups on the basis of their structure.
Ecosystems (LEC) III.5 1. Describe common ecological relationships between and among species and their environments. 2. Explain how energy flows through familiar ecosystems.
Hydrosphere (EH) V.2 2. Describe how human activities affect the quality of water in the hydrosphere.
	5A: Diversity of Life; 5D Interdependence of Life; 5E: Flow of Matter and Energy; 
9B: Symbolic Relationships; 9D: Uncertainty; 12B: Computation and Estimation; 12D: Communication Skills; 12E: Critical-Response Skills.  
1A, 1B, 1C, touches on 10H, 11A, 12A
	Science as Inquiry: A; Life Science: B. Biological Evolution C: The Interdependence of Organisms; Matter, Energy, and Organization in Living Systems; 
Science and Technology: E: Abilities of Technological Design; Understandings about Science and Technology; 
Science in Personal and Social Perspectives: F: Natural Resources: Environmental Quality; Natural and Human-induced Hazards; Science and Technology in Local, National, and Global Challenges

	California State Standards
	Maryland State Standards (for Baltimore city and county, see your research contact)
	
	National Benchmarks

	See your research contact
	Goal 1 – Skills and Processes 1.1, 1.2, 1.3, 1.4
Goal 2 – Earth Space Science - 2.3
Goal 3 – Biology - 3.5
Goal 6- Environmental Science - 6.1, 6.2, 6.3
	
	1A, 1B, 1C, 5A, 5D, 5E, 9B, 9D, 12B, 12D, 12E
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[bookmark: _Toc301927883]Lessons (Teacher Notes, Student Worksheet, Teacher Answer Key, Additional Handouts)
[bookmark: _Toc301927884]Lesson 1—optional: Introduction of biodiversity vocabulary
								 
Instructional Goals											
At the end of this lesson, SWKABAT: 
Use the basic vocabulary presented throughout the unit.  

Advance Preparation
Copies of Biodiversity Vocabulary lists
	
Lesson Procedure
“Pre-loading” vocabulary may be important for students.  Have the students work in groups to discuss the vocabulary.  This list should be kept in a folder/binder for with other unit lessons and used as a reference sheet for unit.  

Practice the dissection of words in order to teach students prefixes and suffixes and their meaning (that is why bio and diversity are separated to start). Teaching students prefixes and suffixes allows students to reason out the meaning of a word.  It’s a great vocabulary builder. 

It is very important to teach vocabulary directly to students and not just have them copy the definition from the textbook.   Research shows that students need to hear a “real” definition along with many examples and real-world context for the definition to “stick”, often giving students non-examples helps to clarify definitions too. Pictures drawn next to vocabulary will help many students commit definitions to memory.

 Lesson 1: Biodiversity Vocabulary
(student worksheet)

Bio/diversity= means different kinds of life
     bio=means Life
     diversity=means different kinds 
Species biodiversity-
Ecosystem biodiversity-
Genetic biodiversity-
Biotic-
Abiotic-
Ecosystem-
food web-
feeding relationships-
producer-
consumer-
predator-
prey-
herbivore-
omnivore-
carnivore-
parasite-
decomposer-
habitat-
dispersal-
dissolved oxygen-
competitor-
competition-

Add these words as lessons progress:
Energy-
Light energy-
Chemical energy-
Photosynthesis-
Traits-
Physical traits-
Energy pyramid or Trophic pyramid-
Prokaryotic cells-
Eukaryotic cells-
Primary consumer-
Secondary consumer-
Tertiary consumer-

Lesson 1: Biodiversity Vocabulary
(Teacher Answer Key)
Bio/diversity= means different kinds of life
     bio=means Life
     diversity=means a variety   
Species biodiversity- different kinds of many species Example: Costa Rica has 54 species of hummingbirds while Michigan has 3 species that can be seen.
Ecosystem biodiversity-number of different ecosystems within a given area.
Genetic biodiversity-differences in inherited traits among the same species 
Biotic-living things like plants and animals
Abiotic-things that are non-living or never were like gold, iron, water molecules
Ecosystem-a community of living and non-living things that interact in an area.  An ecosystem can be large like a desert or small like an inland lake.
Food web-a series of connected food chains within an area.
Feeding relationships- defining whether an organism is a producer, consumer or decomposer, herbivore, etc.
Producer- makes its own food; example: plants
Consumer- needs to go and find its food, doesn’t make food; example mushrooms and animals.
Predator- an animal the hunts another for food; example a bass, tiger, or grizzly bear.
Prey-an animal that gets hunted; examples:  minnows and rabbits
Herbivore-an animal that eats only plant life;  examples: rabbits, cows, and snails.
Omnivore-an organism that eats both plant and animal life for food; examples:  raccoons and turtles.
Carnivore-a meat eating animal; example:  snake, trout and crayfish.
Parasite-an organism that lives off another organism at its expense; examples: tapeworms living inside a dog, mistletoe plants live off their host tree in the tropics.
Decomposer-an organism that breaks down the body of dead organisms  into smaller molecules; examples: mushroom, fungi,some insects and bacteria.
Habitat-  place where an organism lives; examples:  forest, desert, lake
Dispersal- how a plant or animal moves around from place to place; example: a dandelion plant will disperse its seeds in the wind, a flying insect might fly from one wetland to another.
Dissolved oxygen- how many molecules of oxygen are mixed in the molecules in molecules of water.  Unit of measurement: milligrams per liter (mg/L)
Competitor- the one organism that is trying to win in the game of “life” and breed more, find more food, out compete others living around it.
Competition- the fight for food and resources to live.

Add these words as lessons progress:
Energy- the ability to do work.
Light energy- energy that travels out in waves from a light source; example: the sun
Chemical energy- stored energy in the bonds of atoms (C-C, C-H bonds are high in chemical energy).
Photosynthesis- process of plants when they absorb sunlight and take in water and carbon dioxide and make sugar and give off water vapor.
Traits- characteristics of an organism, example:  wings, fins, gills,  
Physical traits- characteristics that can be seen on a body of an organism.
Energy pyramid – chart that shows how energy and matter travels through an ecosystem.  (For an ecosystem to function energy and matter must be available and be able to be transferred upwards through all levels.)  
Prokaryotic cells- cells that do not have a nucleus: example:  bacteria and archaea .
Eukaryotic cells- cells that do have a nucleus:  example: amoeba, skin cells.
Primary consumer- is the first level on energy pyramid, usually an herbivore.
Secondary consumer-is the second level on an energy pyramid, usually a carnivore or omnivore.
Tertiary consumer-the third level on an energy pyramid, usually a carnivore or omnivore.  (Usually the top mammal on the food chain.) 
 
[bookmark: _Toc301927885]Lesson 2—core: Making a stream food web poster:
								
Instructional Goals
At the end of this lesson, SWKABAT: 
a. Describe where producers, consumers, decomposers each get their food
b. Explain how matter and energy are related to why organisms need food
c. List abiotic factors relevant to stream ecosystem
d. Recognize the existence of a variety of different stream organisms, including decomposers

Materials
Large (11 X 17 or more) pieces of paper and different colors of markers (1 for each pair or group of students, 2 or 3 for class lists or posters)
Pictures of local streams projected or printed
What lives in a stream? Worksheet; optional
Dissolved oxygen resources (Reading and Lab), optional

Advance Preparation
You may also want to read some background information http://www.stroudcenter.org/lpn/LPNmanual/index.htm on the freshwater stream ecosystem or the invertebrates that live there http://www.epa.gov/bioiweb1/html/benthosclean.html. These resources are also good for advanced students to read further on their own as the unit progresses. 
	
Lesson Procedure
Stream food web poster										minutes
1.  (
Learning Progression Look 
Fors
:
 Lower level students may only: mention coarse groups of organisms (
e.g
 birds, bugs), so help them notice finer groups and specific species (
e.g
 robins, blue jays); mention macroscopic organisms, so help them notice the microscopic as well; have a hard time mentioning aquatic producers (e.g., algae); help students understand that plants are not just scenery, they are living organisms that play roles in the ecosystem.
)If you did not do Lesson 1, ask students to work together in pairs or small groups to define ecosystem and abiotic factors.  An ecosystem is all the living/biotic and non-living/ abiotic things in a given area and their interactions.  
2. Show students a picture of stream (make sure picture includes the water, and tree line along the bank of the stream).  Discuss the stream in general terms – location, things the students notice based upon the picture.
3. Give each student group a black marker and a piece of large white paper (11”x17”).  Have each group list as many organisms and abiotic factors that would be in/or next to a typical Local stream (using the picture for reference). If you are going to have students cut up and use these words and glue to make their food webs, have student write fairly large (not small regular size printing).  Alternatively, you can have students re-write the terms in their web (steps 5 and 6).
4. Have a brief discussion of food webs (this should be review from earlier grades).  How are the organisms arranged in a food web?   How do you show the relationship between the organisms?  In what direction do those arrows go?  What does this say about energy moving and types of energy (light energy and chemical energy)?
5. Have each group cut out the words on their list.  Arrange the cut out words (organisms and abiotic factors) into a food web (plus abiotic interactions) on a new sheet of large paper.  Don’t glue yet!
6. After each group has arranged their food web, allow them to send out 1 “scout”.  The scout is allowed to visit other student groups, view their food webs, and to write down what their group is missing.  The scout returns to their group.  As a group, discuss what the scout has discovered as missing info and decide whether these things should be added to the food web.  If they need to be added, the group should write out these new items and include them on their own web. Glue down the items on the food web!
7. As a whole class group, discuss the types of feeding relationships (e.g. producer, consumer: predator, prey, herbivore, omnivore, parasite, decomposer) the students know about and come to a class consensus.  
8. Give the students colored markers – one color for each of the terms you choose for the students to include on their food web.  Decide as a class which color and what shape will represent each term (i.e. red circle = carnivore, etc.)  
9. Have the students color code their food web.  Don’t forget to have each group draw a key on their food web (so they, and you, don’t forget the colors and shapes you have decided upon)!

10. Refer to the web and ask students: 
A. Did your food webs include trees on the bank of the stream?
B. What happens to the leaves on the trees?  (seasonal discussion)
C. What happens to the leaves that fall into the stream?

11. Additional optional class discussion questions to introduce topics for next lesson.  Students may take notes on the accompanying worksheet (What lives in a Stream?):
A. How do abiotic factors affect what lives in the stream? (light, temp, O2, N, P and S) 
B. How do biotic factors affect what lives in the stream?  (dispersal, food, competition, predators, diseases, etc.)
C. How might different locations in the stream be different?
D. Dissolved O2 discussion
i. How does O2 get into the water (photosynthesis of aquatic plants, diffusion)? 
ii. You might consider using the DO resources (reading and lab provided).
E. Discuss different leaf types (conifer and deciduous) and what are leaves made of (optional link to carbon).
i. Dry mass of leaves are, approximately:
42.3% carbon atoms
 6% hydrogen atoms
1.4% nitrogen atoms
0.2% phosphorus atoms
48.3% oxygen atoms
 0.1% sulfur atoms
 (
Learning Progression Look 
Fors
:
 Novice students don’t recognize decomposers at all.  Middle level students may think that decomposers exist to provide a service (i.e. breaking down waste) to other organisms.  Help students to recognize that decomposers, just like all 
heterotrophs
, consume food to obtain matter to grow and reproduce and energy for life’s processes.  
Assess 
students’
 knowledge of where the carbon (e.g. cellulose, starch) and other minerals (e.g., Nitrogen, Phosphorus) each go
 in decomposition
, noting that many are likely not to trace carbon into the atmosphere as CO
2
 after cellular respiration by decomposers
.  
)





Lesson 2:  What Lives in a Stream?
(student note-taking worksheet)

1.  How do abiotic factors affect what lives in the stream (light, temperature, dissolved O2, Nitrogen, Phosphorus and Sulfur)?




2. How do biotic factors affect what lives in the stream?  (food, competition, predators, diseases, etc.)  




3.  What might vary in different locations of the stream?




4. How does dissolved oxygen get into stream water?




5. What organisms might be the same throughout the stream? or different in different places?




What are leaves made of?
1. What are leaves made of?  Fill out the table. 
	Element
	Percent of dry biomass
	Carbohydrates?
	Proteins?
	Fats?
	Nucleic acids? (DNA)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




1. Where does leaf biomass come from?  Meet the “Process Tool”:

Photosynthesis
[image: Macintosh HD:Users:Lindsey:Desktop:ELP Project:TeachingExperiments:Resources:Images:Process Tool:plantgrowprocesstoolimage.jpg]
1. Which kind of molecule has more energy stored in the bond:   CO2 or C6H12O6





1. Where did that energy come from originally and what kind of energy is it stored as now?





1. Where do you think the material that makes up leaves go when they decompose?  

 Lesson 2: What Lives in a Stream?
(Teacher Answer Key)

1.  How do abiotic factors affect what lives in the stream (light, temp, dissolved O2, Nitrogen, Phosphorus and Sulfur)?
· Light: high and low light conditions affect what plants can or cannot grow in a stream.
· Temperature: cold to warmer conditions affect animal metabolism and dissolved oxygen amounts in water (remember warm water holds less oxygen).
· Dissolved oxygen:  gets into the stream by water flowing and also from aquatic plants.
· Nitrogen, Phosphorus and sulfur are necessary nutrients for grow of plants and animals.

2. How do biotic factors affect what lives in the stream?  (food, competition, predators, diseases, etc.)  
· Food: all animals need food.
· Competition:  all animals have to “out compete” others for space, food and mating.
· Predators:  need to be able to hunt and be successful
· Diseases: play a role in thinning populations and/or wiping them out.

3.  What might vary in different locations of the stream?
· Light (sun or shade)
· Nutrients
· Pollution (run off from variety of sources)
· Food available
· Depth of streams
· Temperature of water
· Steam base (sand, gravel, boulders, muck)
· Human effects on stream
· Plant life along the stream and in the stream

4. How does dissolved oxygen get into stream water?
· Algae growing in stream add dissolved oxygen into water through photosynthesis.
· Fast running streams also have water and air mixing to put more dissolved oxygen into the stream.

5. What organisms might be the same throughout the stream or different?
· Type of fish
· Type of insects (macroscopic organisms)
· Type of amphibians
· Different kinds of reptiles
· Mammals 


What are leaves made of?
1. What are leaves made of?  Fill out the table. 
	Element
	Percent of dry biomass
	Carbohydrates?
	Proteins?
	Fats?
	Nucleic acids? (DNA)

	C
	42.3
	yes
	yes
	yes
	Yes

	H
	6.0
	yes
	yes
	yes
	Yes

	O
	48.3
	Yes
	
	
	

	N
	1.4
	
	yes
	
	yes

	P
	0.2
	
	yes
	
	Yes

	S
	0.1
	
	Yes
	
	



2. Where does leaf biomass come from?  Meet the “Process Tool”:
Photosynthesis
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3.  Which kind of molecule has more energy stored in the bond:   CO2 or C6H12O6
· Sugar because it contains C-C and C-H bonds.

4. Where did that energy come from originally and what kind of energy is it stored as now?
· Energy came from the sun first and then stored in bonds of sugar molecule.

5. Where do leaves go when they decompose?  
· Students will have many responses; most importantly make sure they make one because this is an educated guess.


Dissolved Oxygen - Reading
Oxygen is important for many living things and for many of the chemical processes that happen in the water.   There are two main ways that dissolved oxygen enters water, either from photosynthesis from aquatic plants or through diffusion with the surrounding air.  Wind, waves, and bubbling can increase the amount of oxygen that enters the water from the surrounding air.  Oxygen is also taken out of the water by cellular respiration of aquatic animals and plants, decomposition of organic matter by microorganisms, and different chemical reactions.

Dissolved oxygen is measured in a few different ways: parts per million (ppm), milligrams per liter (mg/L), or percent saturation.  When measuring DO, concentrations range from 0 to 14 ppm or mg/L (they measure the same thing, but sometimes your test kit will use only one of the measurements), and 0-125+ percent saturation.  When measuring percent saturation, you also need to know the temperature of the water, because that will change the result.  

For mg/L:
	0-2 mg/L: not enough oxygen to support most animals
	2-4 mg/L: only a few kinds of fish and insects can survive
	4-7 mg/L: good for most kinds of pond animals
	7-11 mg/L: very good for most stream fish
For percent saturation:
	Below 60%: poor quality, bacteria may be using up the DO
	60-79%: acceptable for most stream animals
	80-125%: excellent for most stream animals
125% or more: too high

When water has high, relatively stable levels of DO, it is usually considered a healthy ecosystem, capable of supporting lots of different kinds of organisms.  Low DO (usually called hypoxic) levels usually indicate pollution or some type of human-caused change, of which there are several major categories: 
· Addition of organic waste in the form of sewage and animal manure, organic fibers from textile and paper processing, and food wastes.  These organic materials are decomposed by microorganisms that use up oxygen.  
· Addition of nutrients from fertilizers and agricultural runoff as well as through sewage.  This causes lots of plants and algae to grow and then decay.  The bacteria that decompose the plants consume oxygen during the decay process
· Changing the flow of the water through dams and water withdrawal (for irrigation, snowmaking, water supply, or cooling systems of electric or nuclear power plants).  The reservoirs created through a dam may increase the temperature and reduce the amount of dissolved oxygen.
· Raising the water temperature through the removal of vegetation from stream banks, which increases the water temperature and therefore decreases the dissolved oxygen levels.  Another way that temperature can be affected is through the release of heated water that was used to cool an industrial plant.  





Natural processes also affect the dissolved oxygen levels:
· Warm water holds less dissolved oxygen than cold water.  
· The lowest levels of DO usually occur in the morning, because photosynthesis stops at night while respiration continues.  
· Water at higher altitudes holds less oxygen.   
· Fast-moving water generally has more oxygen than still water, because the movement mixes the air into the water.  However, if the water is very turbulent, it may hold too much oxygen, causing stress to the aquatic organisms.  
· Water with lots of aquatic plants have higher levels of dissolved oxygen, since submerged plants produce oxygen through photosynthesis.  Also, as mentioned above, too many plants will ultimately reduce the DO levels, because of either night-time oxygen use by plants or the decay process that consumes oxygen.  

Anoxic means that the water doesn’t contain any dissolved oxygen.  Some animals, like carp and catfish, can survive with less oxygen, while others, such as salmon and trout, require more.  When DO becomes scarce, some animals may be able to obtain their oxygen directly from the surface, such as the diving beetle, frogs, or even catfish.  Testing water samples for DO will let you know what kind of organisms can live in the water.

1. Where does the oxygen come from that aquatic organisms need?

2. What are two ways that dissolved oxygen enters the water?

3. How is oxygen used in the water (consumed)? 

4. Give three examples of how DO levels can change due to human interaction with the aquatic ecosystem.  

5. Explain 2 ways nature may affect the DO levels in an aquatic ecosystem.

6. What levels of dissolved oxygen are “very good” for most aquatic organisms?  

7.  Explain the daily cycle of dissolved oxygen levels in an aquatic ecosystem.  

Dissolved Oxygen and Temperature
(teacher notes)
Time: 1 class period
National Benchmarks:  Benchmarks 5A: Diversity of Life; 5D Interdependence of Life; 5E: Flow of Matter and Energy; 9B:Symbolic Relationships; 9D:Uncertainty; 12B:Computation and Estimation; 12D:Communication Skills; 12E:Critical-Response Skills.  
National Science Content Standards: Science as Inquiry: A; Life Science: C: Biological Evolution; The Interdependence of Organisms; Matter, Energy, and Organization in Living Systems; Science and Technology: E: Abilities of Technological Design; Understandings about Science and Technology; Science in Personal and Social Perspectives: F: Population Growth; Natural Resources: Environmental Quality; Natural and Human-induced Hazards; Science and Technology in Local, National, and Global Challenges
New York State Standards: 1, 2, 4, 5, 6, 7

Objective: Students will know how temperature affects dissolved oxygen and be able to create a graph showing this relationship.  

Lesson Outline: 
1. Students think about the adaptations of animals to live in different water temperatures
2. Students test four different water temperatures for dissolved oxygen (samples at 50 ºC and 100 ºC are prepared and cooled ahead of time)
3. Students report and discuss the implications of increased temperature on DO
4. Students use Hudson River data to look at the impact of temperature and dissolved oxygen throughout the seasons.  
			

Materials: 
For demonstration: Cups with hot and cold water, ice

For lab activity (per group): copies of  lab sheet, dissolved oxygen test kit, thermometer (up to 100ºC), one jar at room temperature, one jar with ice, one jar that was boiled for 20 minutes and then cooled, and one jar that was heated to 50º C for several hours and then cooled.  

Preparation: Prepare enough jars of water so that each group will have one at room temperature, one with ice, and one of each boiled sample.  Leave the ice water jars open to the air, adding ice to cool them to 5ºC (they can be left open in a refrigerator or ice chest).  The jars at room temperature should be left open at least overnight, since some schools’ water tanks have very low levels of dissolved oxygen.  Prepare two canned samples: one set of samples should be water that was heated to 50º C and held at that temperature for several hours, then poured carefully into jars and sealed (a coffee maker is an easy way to do this; just fill up with water and leave heated for several hours, then pour into canning jars and seal).  The other set of heated samples should be brought to boiling for 20 minutes and then poured into jars and sealed.  This preparation can be done anytime ahead of class; the jars will be cooled when the students use them, but the amount of DO inside will have been ‘fixed’.  You can even do this several weeks ahead of time.  Make sure you use jars that can withstand boiling water; if you are unsure, a metal knife in the jar should eliminate the risk of a shattering jar.  
	Another option would be to boil the samples as a class so that students can see the preparation process and understand that the samples are being heated and then sealed to eliminate air movement while they are being cooled.  

Engage: Ask: What do all living things need in order to survive?  Students should eventually answer: oxygen.  Ask: Do aquatic animals need oxygen?  How do they get it?  Students should be able to think of ways for oxygen to enter into the water: diffusion and plants.  Hold up a glass of ice cubes and water and a glass of hot (if possible, steaming) water.  Ask: What do you think could live in each of these glasses of water?  Allow the students to make some guesses-don’t give them answers.  Ask: What is necessary for living things to survive in water?  They should be able to remember the lab they did testing for dissolved oxygen, and hopefully respond with “oxygen”.  Ask: Do you think there is oxygen in very hot or very cold water?  Allow students the time to write down the answers to these predictions.  

Explore: Students will have access to all four water samples.  They should test each sample two or three times, depending on the length of time you have in class.  A good way to save time is to use the CHEMetrics test kits instead of the kits from Lamotte or HACH.  Remind the students that even though all of the water temperatures are ‘cold’ or ‘cool’, two samples were prepared and ‘fixed’ at hot temperatures.  Make sure that there are clear labels on the samples themselves or on the table where the samples are located.  Do not open the sealed jars until the students are ready to test the water.  They should create a chart which shows the temperatures at which the jars were sealed or tested – 5, 25, 50, and 100 ºC, and their results for each test.  

Explain: Cold water holds more dissolved oxygen than hot water, because as the temperature increases, the water releases some of the oxygen.  The higher the temperature, the less dissolved oxygen.  Ask: what do you think happens to the levels of dissolved oxygen in a river in the summer?  At night?  Students should be able to formulate answers to these questions based on their research.  They should also be able to explain the importance of dissolved oxygen and the implications of low dissolved oxygen on aquatic ecosystems.  

Extend: A variation on this experiment, if you don’t have time to complete the entire lab, is to take two bottles of soda, one that has been left in the sun or under a lamp, and another that has been left in a refrigerator for about an hour.  Ask the students to predict the difference in the amount of bubbles that each bottle of soda will produce.  When the bottles have reached different temperatures (you should be able to feel the difference), open them and observe. You should see more bubbles (carbon dioxide leaving the liquid) being created with the warm bottle.   Even though this experiment involves the carbon dioxide, it is still the same principle as the solubility of oxygen in water.  You can also do this with cups of the soda, and place one in the fridge.  The cup in the fridge should ‘hold onto’ its bubbles longer because the carbon dioxide won’t dissolve out so quickly.  Students could even do a taste test to see which one is ‘fizzier’.  

Evaluate:  Students will complete the lab report.  Students should create a line graph of the class results using Excel to show the result for each temperature.  Ask them to make predictions about what the dissolved oxygen concentration would be at different temperatures.  Then, have them graph the seasonal data from the Hudson.  This would be a good time to revisit the creation of trendlines, and their use in analyzing data.  

First part of the lesson is modified with permission from: “When the oxygen goes…” 1997.  Living in Water, National Aquarium in Baltimore, Kendall Hunt Publishing, Iowa.  

Name ______________________									Date _______
Dissolved Oxygen and Temperature Lab
(Student worksheet)

Background: In this experiment, you will try to find out what happens to the amount of dissolved oxygen when the temperature of the water increases or decreases.  This will help you understand how seasonal changes as well as long-term changes, such as climate change, might affect aquatic ecosystems.  

Before you begin:  Make a hypothesis about what you think will happen: Will cold water hold more or less dissolved oxygen?  _____________________________________  
Copy this data table in your lab notebook, and make enough columns for all the groups in your class plus the average:
	Temperature (when sealed)
	DO in jars when opened:  Group 1
	DO in jars when opened: Group 2
	DO in jars when opened: Group 3
	DO in jars when opened: Group 4
	DO in jars when opened: Group 5
	DO in jars when opened: Average

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	50º C
	
	
	
	
	
	

	100º C
	
	
	
	
	
	


  
Procedure:
1. Obtain a DO test kit from your teacher.  
2. Test the temperature of the two samples of unsealed water: ice cold water and room temperature.  Record your result and then test the DO of these two samples.  
3. Next, carefully obtain a water sample from the water that was heated to 50º C and test the DO level.  
4. Obtain a sample from the water that was heated to 100º C, perform the DO test, and record your results.  
5. Compare your results with that from the other groups, and find the average.  
Discussion questions:
1. Describe the difference in what happened with your predictions.  Why do you think you got your results?  Explain in as much detail as you can.  
2. Include a line graph of your results showing the result for each temperature from each group.  You could add a trendline to your graph.  
3. What would you expect the amount of dissolved oxygen to be if you heated a sample of water to 75 C?
4. Based on your results, what can you say about the relationship between dissolved oxygen and water temperature?  
5. What kinds of human activities could create a higher water temperature?  What kinds of natural events could create a higher water temperature?
6. When do you expect fish and other aquatic organisms to have the most problems getting enough dissolved oxygen?  
Part 2: Seasons in the Hudson River
In your lab, you learned about the relationship between dissolved oxygen (DO) and temperature.  Complete the following sentences:
When the temperature increases, the dissolved oxygen ________________.
When the temperature decreases, the dissolved oxygen _________________.
Now, use the graph below to answer the questions.  The data were collected in the Hudson River, NY over 19 years; the data below are from seven of those years.    
Season 1: April/May
Season 2: June/July
Season 3: August/September
Season 4: October/November



 (
During what time of year did the highest temperatures occur?  The lowest?
During what time of year did the highest DO levels occur?  The lowest?
Based on your lab activity and these data, what can you say about the relationship between dissolved oxygen and temperature?  
During what time of year do you think plants and animals would be under the most stress?  Why?  
Do these data give you enough information about the types of dissolved oxygen stress the aquatic ecosystem might experience?  
)	
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Lesson 3—core: What lives in leaves in a stream? Experiment design and set up
								
Instructional Goals
At the end of this lesson, SWKABAT: 
d. Describe where producers, consumers, decomposers each get their food
e. State that decomposers are organisms that live in the stream and break down dead things 
f. Explain how matter and energy are related to why organisms need food
g. List abiotic factors relevant to stream ecosystem
h. Define dispersal as the ability to travel to a new habitat
i. State that biotic interactions, abiotic resources and conditions, and dispersal are all important structuring elements of communities.

Materials
Large piece of poster paper or projector to record student generated list of stream organisms and to make a poster summarizing the experimental design
Pictures of local streams projected or printed
What lives in leaves in a stream? Worksheet (optional)

Advance Preparation

Lesson Procedure
1. Project the picture of a local stream again.  As a class, create a list of organisms on the board or a new sheet of poster paper.  
2. Ask students to brainstorm how each of the organisms get food (i.e. how they get matter for growth and reproduction and energy for life’s processes).  Students may tend to focus on large animals; if so, remind them to think about smaller animals and organisms that are not animals.  Keep this list of stream organisms; you will update and refer to it periodically throughout the unit.  Provide students with “What lives in leaves in streams?” Worksheet if students need more guidance.  This worksheet is designed for lower level students who are only comparing one treatment (stream location) but can be expanded to include both comparisons.
3.  (
Learning Progression Look 
Fors
:
 
Many students may understand dispersal when you ask them about it, but we find that most students don’t think about dispersal as something important that determines what species live where.  Students also need help seeing how the traits of an organism affect their ability to disperse to a new environment.  Ask them how the traits of a bird and the traits of a tree affect their ability to dispersal to new habitats.
)Tell the students that leaves fall into the stream and make habitat for stream organisms.  You may need to remind students what a habitat is: the physical place that surrounds a community of organisms.  Talk about how leaves get into a stream when they fall from trees and build up in piles in the stream called leaf packs, and explain how leaf packs start out with few things living in them and slowly become colonized by many types of organisms (e.g. insects, algae).
4.  (
Learning Progression Look 
Fors
:
 
Lower level students may not understand the difference between 
abiotic
 and biotic.   Some students may see plants as 
abiotic
 instead of biotic.  Students may be able to say that temperature, DO etc. are important, but they should be encouraged to think about how the 
abiotic
 factor
 specifically
 interacts with the traits of the organism to affect its growth, survival, or reproduction.  
.
)In small groups or pairs ask students to brainstorm about what could affect whether, and which, organisms colonize the leaf packs. The abiotic conditions (e.g. temperature, pH, dissolved oxygen), the leaves themselves (i.e. shape, size, chemical composition for more advanced students), and what types of organisms are in the stream will influence what will live in the leaves.  You may need to prompt students to focus their thinking.  When thinking about what might live in a certain place students should ask themselves the following three questions, in this order:  
A. Ask the students about dispersal - Can the organism get there? (e.g., direct organism movement, water, wind)  Organisms can’t live in a specific time or location if they can’t get there; we call this “dispersal,” the ability to travel to a new habitat.   
B. Ask the students about Abiotic resources and conditions - Can the organism survive and reproduce given these abiotic resources and conditions? (e.g. light, water, dissolved oxygen, nitrogen, phosphorus, temperature, etc.)  Abiotic resources and conditions influence whether organisms are able to survive and reproduce in a specific time or location. In addition, organisms can influence the abiotic environment around them, such as by altering the oxygen or mineral content of the water. 
C.  (
Learning Progression Look 
Fors
:
 
Lower level students may not recognize biotic interactions at all or they may see interactions in very anthropomorphic ways (e.g. snakes are enemies of mice).  Middle level students tend to recognize only predator-prey interactions.  Upper level students see predator-prey and other types of interactions like competition for resources.  They also see interactions in terms of movement of matter and energy for growth and reproduction rather than simply as a matter of life or death.
.
)Ask the students about Biotic resources and interactions - Can the organism survive and reproduce given the range of biotic resources and interactions?  (Does it have food, does something eat it, what are the competitors, mutualists, habitat forming organisms, diseases, etc.)  Biotic resources and interactions also influence how successful organisms are in a specific time or location.  
TEACHER’S NOTE:  Organisms have particular abiotic and biotic requirements that are required for survival and reproduction.  Conditions are physical or chemical aspects of the environment that cannot be consumed by an organism (temperature, pH, soil conditions, climate and weather, etc).  Resources are consumed by organisms (carbon dioxide, oxygen, sunlight, water, other organisms for food).  Organisms can alter both the conditions and resources in their environment (plants create shade decreasing sunlight for other organisms, living things respire reducing oxygen for other organisms, beavers make dams and change stream flow, etc).  Biotic interactions are when organisms act on one another such that they effect or influence the others’ behavior, reproduction or survival. These can be beneficial (i.e. mutualism), detrimental (i.e. competition) or neutral to both organisms in the interaction or neutral to one while beneficial or detrimental to the other organism in the interaction (e.g. predation).
5. After the small group discussion, start a list on the board of the students’ ideas.  With the students, group their ideas in three categories: things that might affect dispersal of organisms, abiotic factors, and biotic interactions.  
6. Tell the students that they are going to see what colonizes leaf packs by making experiment leaf packs and placing them in a stream.  If you teach middle school (MS) or early high school (HS) students, they will compare two places in a stream: riffles and pools.  If you teach advanced high school students, you may also choose to compare two types of leaves from the local area conifer (pine, spruce, etc) v. deciduous (oak, maple, hickory, etc).  
Explain, or allow students to form through discussion, the following experimental design: place in stream, riffle or pool (and leaf type for advanced HS) will be the variable in their experiment.  The type of leaves (in MS and Early HS), size of leaf packs, amount of time leaf packs are in the water, and method of placing the leaf packs in the stream will be kept constant in their experiment.
TEACHER’S NOTE- Because this lesson is being coordinated by a research group working in 5 states and because classes in 5 states (CA, CO, MI, MD, NY) will be doing this lesson, you can also choose to compare the data collected in your classroom with data collected in other classes in your area or across the country or even share leaves with classes in different states to do a larger controlled experiment.  Let your contact person know if you are interested in sharing your data and accessing a database of shared data.  If you choose to compare data with other schools in other locations, then geographic location will also be a variable.
7. Discuss with students what they think would be different between the two places in the stream (or leaf types).  
BACKGROUND ON DIFFERENT OXYGEN ENVIRONMENTS: If your students are not already familiar with dissolved oxygen now is the time to present that information.  See Appendix C for a reading and discussion questions.  You might also want to have your students measure dissolved oxygen from various water samples as an engagement activity.  See Appendix C for a lesson on measuring DO at various water temperatures.  The riffles of a stream are waters that move very rapidly (50 cm/second or faster), have a high oxygen concentration (at least 10mg/L) and a healthy pH value (above 7).   Pools are much quieter than riffles. Water in pools moves more slowly, is cloudier, and has lower oxygen levels. [footnoteRef:4] [4:  www.towson.edu/csme/mctp/Journeys/Flowingwaters.doc] 

BACKGROUND ON DIFFERENT LEAF TYPES: Deciduous and coniferous leaves differ in their chemical composition, which affects what can and will eat them.  Deciduous leaves are made of compounds that are easy to break down (e.g. cellulose) and have a relatively low C:N ratio (i.e. there is more N per unit C). Both of these characteristics make them easy for microorganisms to break down. Coniferous needles, on the other hand, contain more compounds that are difficult to break down (e.g. lignin & tannins) and have a higher C:N ratio (i.e. less N per unit C). As they break down, they also release organic acids, which lower the pH of the surrounding environment. Not all organisms are equally tolerant to acid, so the community that can live on coniferous needles could be different from deciduous leaves.  Deciduous leaves will breakdown faster the coniferous leaves, so students might also see differences in abundance of organisms living in the packs.
Students can probably reason with some guidance towards some of these differences, especially if they are provided with an analogy to food they might eat. For example, deciduous leaves might be likened to a potato chip and coniferous leaves to Brussels sprouts (or some other stinky green vegetable). Please keep in mind that these are very broad generalizations.
8. Discuss with students how they think those differences in the places in the stream or leaf types could affect the types of organisms who live there.  Record these ideas on a poster to refer to at the end of the unit.  
9. Ask students to think about how they will compare the types of organisms in the different leaf packs (they will be counting the number of each type of organism in their leaf packs).  Tell students they will also be measuring some of the abiotic factors they mentioned above (at a minimum you should collect temperature, dissolved oxygen, turbidity)—see Lesson 1a for experimental procedure details).
10. Write on the board or the poster: 	
very similar --------------------------------------------------------------------------------------very different            
Ask students to vote by putting an X on this continuum in response to the following question: Do you think you will find very similar or very different organisms in the leaf packs we are comparing? Or do you think we’ll find something in between?  After students vote, go around the room and ask a couple of students from each clump of X’s who voted each way to explain why they voted the way they did.  Get as many reasons as possible.   Give students an opportunity to be convinced by their peers and change their vote.  Prompt students to think of differences in abiotic, biotic and dispersal factors discussed above and whether they think those differences will be large enough to matter to organisms that live in the stream.  AHS students should think about both the comparisons they will be doing: different places in the stream and different types of leaves.  You can do this by voting once comparing all 4 types of bags or multiple times, once for each comparison.
This is a good place to start introducing one of the core themes of this unit: Organisms have particular abiotic and biotic requirements.  If you change the abiotic or biotic conditions or resources available (e.g. place in stream or leaf type) some needs of an organism might not be met and then they might not be able to be there.
If you would like to compare your leaf packs to packs in other sites locally or nationally, you can repeat the procedure by asking: Do you think you will find very similar or very different organisms in the leaf packs if they are in streams in different parts of SW Michigan/Santa Barbara/Colorado/ Baltimore/New York/the United States?  Or do you think we’ll find something in between?
11. Summarize the experimental design with the students.  You may consider adding this to the predictions poster from above i.e.: there will be packs leaves placed in your local stream and after 3/4 weeks you will count how many of each different kind of organism lives in each pack. To help get the students excited, you should then tell them that many schools locally and in other states will be doing the same experiment.

Assessment Ideas:		

1. Exit ticket (or Bell Ringer[footnoteRef:5]): What are the feeding groups, groups of organisms that get their food the same way, that make up a food web?  How do you think they will be represented in your leaf pack? [5:  Questions marked exit ticket are also appropriate for quizzes or bell ringers.] 


2. Exit ticket: What is your prediction about how the biotic communities will differ in the two treatments of our experiment?  Explain why you think that.

Name ________________________________				Date ___________
Lesson 3:  What lives in leaves in a stream?
(student worksheet)
In this experiment, you will be investigating the diversity of aquatic life in different parts of a stream.  You will be placing plastic mesh bags, full of dried leaves, into a stream or river.  These leaf packs will act as “habitat” for organisms in the stream.  After several weeks, you will collect the bags and investigate the kinds of organisms you find living in them.  
1.  What do you think you will find living in the stream?  



2.  Choose two organisms you listed in question #1, and explain how these organisms get their food.  

Organism a:  _____________ gets its food by:  _________________________________

Organism b: _____________ gets its food by:  __________________________________

3. What do you think might affect what lives in the leaf packs you will put in the stream?  Pick ONE of the organisms you mentioned in question #1.  In order to answer this question, it will help to think about each of the following aspects of the ecosystem:
		Ecosystem Component
	Name of the one organism you picked:

	Dispersal – a .Can your organism get to the stream? 
b. Can it move from one part of the stream to another?  
	a.


b.



	Abiotic resources and conditions – does your organism have specific requirements for survival?  
	
Temperature: Hot…………Medium………….Cold

Light: High………….Medium…………..Low

Dissolved Oxygen:  High………….Medium…………..Low

Do you know if it requires anything specific?



	Biotic resources and interactions 
a. Does your organism have enough food?  
b. Are there competitors or diseases?
c. Are there predators to worry about?  
	a.


b.


c.




4. During this experiment, you will be testing leaf packs in two different parts of the stream – a part of the stream that is quiet, deep and calm (a pool), and a part of the stream that is moving quickly and is shallow (a riffle).  Do you think you will find different kinds of organisms in the leaf packs in the different parts of the stream?  Why or why not?  



5. Do you think you will find very similar or very different organisms in the leaf packs you are comparing?   Using the diagram below, place an “x” on the line to show what you think you will find.  

very similar --------------------------------------------------------------------------------------very different

Explain your answer:  



6. Write a prediction for your experiment.  



7. Outline the procedure you will follow for this experiment:
[bookmark: _Toc301927887]
Lesson 3a—optional: Leaf Pack Experiment in-class set-up and Field trip

Instructional Goal 
 Students will set-up leaf pack experiment by making leaf pack bags during class, putting bags in a stream on a field trip and measuring stream characteristics.

Materials
Experimental set-up in class[footnoteRef:6]: [6:  If you don’t do the set up in class, you will still need these supplies to set up the leaf packs yourself.] 

· One empty leaf pack (mesh bag made of plastic mesh, such as an onion or seafood bag) per student group
· One or two different types of dried leaves (e.g. maple, oak, pine needles) (one-deciduous- for MS and Early HS, two for Advanced HS)
· Scale to weigh leaves or cup to measure volume
Field Trip:
· Waders or appropriate shoes
· String to close bags and anchor litter bags in stream
· Waterproof tags to label leaf packs (could use paper inside of small ziplock bag)
· Flags or flagging tape to mark leaf pack sites
· Thermometer
· Water quality test kits: dissolved oxygen, turbidity (optional), nitrate (optional), ammonia (optional)  
· Stream flow measurement tools: ping pong ball, meter tape, stopwatch
· Copies of Stream Characteristics Data Sheet, Calculating Stream Flow Data Sheet, clipboards

Advance Preparation
Prepare for in-class experimental set-up by collecting leaves and prepare for field trip by ensuring students’ familiarity with water test kits. General chemical safety protocols should be followed by students participating in water quality testing.  These protocols include the use of goggles and proper disposal of chemicals. 

If conducting a field trip, address safety issues (e.g. appropriate attire, sunscreen, life preservers, first aid, water bottles and snacks etc.) prior to the trip.  

Students participating in this lesson will interact directly with a stream or river and some of them will enter into the water.  Students should not enter the fast moving part of the stream/river, and if they do fall over while in the river, they should relax, point their feet down-stream and let the current carry them to an area where they can stand up.  A throw rope should be present at all water sites and be in a position where it can be thrown to a victim.

Lesson Procedure		
Experimental set-up	           	        						                  	
1. If you are having your students prepare the leaf packs for the stream, they should now begin working through the Experimental Set-up Procedure (project on screen or hand out to students).  In MS and EHS, students should create one leaf pack per small group.  In advanced high school classes, students should create two leaf packs, one of each leaf type.  In both cases, half of the leaf packs will be placed in a riffle and half will put them in a pool in the stream.  It is OK to put all riffle packs together and all pool packs together though you can also replicate that by have half of the riffle packs in one riffle and the other half in another and so on.  However, for ASH groups who are comparing two different types of leaves, the packs for each student group should always be in the same riffle or pool.  To create the leaf packs student should fill each pack with 25 g or 2 cups of loosely packed leaves and close the pack.  Spend some time talking with students about the need to standardize the packs; if the amount of leaves in each pack isn’t standardized, you introduce another variable that would lead you to ask the question, “to what extent does the amount of space or amount of food affect the biological community?”  Leaf packs should be labeled with student group names, stream location, and leaf type.
2. Students should then secure the leaf packs at the edge of a stream by tying them to a tree or bush with the string and placing a rock or brick on top of the pack to keep the bag underwater.  If there are no trees to secure the pack near the edge of the stream, you can tie the packs to several bricks or rocks and sink them.  In a high flow stream, you can bury the bricks (with the packs attached on a longer string) in the ground along the edge of the stream, making sure the packs are securely tied to the brick prior to burial.  If a field trip isn’t possible, you could have a group of students help you after school or go yourself.  Plan to leave the packs in the stream for 3-4 weeks.  
3.  (
Learning Progression Look 
Fors
:
 
As the students are collecting data about the 
abiotic
 environment, ask them to brainstorm about why these 
abiotic
 factors might be important.  Some students may not be able to distinguish between 
abiotic
 and biotic factors.  Students may not recognize that an 
abiotic
 
factor  (
e.g
 temperature) might affect different species differently depending on the species’ traits.  Talk to the students about what niche means and how these 
abiotic
 factors play into an organism’s niche.  Students more easily recognize that 
abiotic
 factors can affect organisms and less easily recognize that organisms can affect 
abiotic
 factors (e.g. submerged plants in a stream can increase dissolved oxygen concentration).
)Collect the appropriate stream data using the Stream Characteristics data sheet in lesson 2 during your site visit if you do not plan to collect it when you collect the packs.  You don’t have to collect the stream characteristics data twice (you only need to collect the data as a class).  Make sure you collect data for each riffle or pool your students use.   At a minimum you should collect water temperature, dissolved oxygen, stream flow, and turbidity (if possible).  Consider measuring pH, nitrate, and ammonia if you can.  You should also complete the Calculating Stream Flow Data Sheet in lesson 2 if you and your students wish to make a more detailed analysis of the stream environment.

Assessment Ideas:		

1. Exit ticket: Give an example of how one of the abiotic variables you measured might affect a particular species.  
2. Exit ticket: Give an example of how a living organism might alter one of the abiotic variables you measured.
Experimental Set-up Procedure
1. Obtain one mesh bag from your teacher.
2. Fill the mesh bag with 25 g or 2 cups of dry leaves.  
3. Close the bag by tying a knot.
4. Attach a tag to the bag.
5. Label the bag by writing your group name or number and type of leaves on the tag with a permanent marker.  
6. Go to the stream.  Tie the bag to trees, rocks, or roots to ensure that it doesn’t move during the course of the experiment.  If you can’t go outside your teacher will put your bag in the stream after school.
7. You or your teacher will collect the bag in 3-4 weeks.  When they are taken out of the stream, each bag should be placed in a separate Ziploc bag.  
8. If you are going to keep the organisms alive overnight, make sure to collect stream water as well.  To keep the animals alive overnight, place them in a cooler or in the refrigerator with enough water; an air bubbler in the bucket will increase your chances that they will stay alive.  If you want to collect organisms one day and look at them the next, you can preserve the animals in a 70% ethanol solution.  If your students don’t have time to look at the organisms’ feeding structures (e.g. mouthparts using hand lenses, dissecting scopes, or as a class with a video microscope) on the sorting-counting day you can preserve at least a representative of each type of organism for identification of the mouthparts in the classroom for Lesson 4.  At the stream, you can count how many of each type you have collected, and then keep one representative for classroom identification and analysis.
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Stream Characteristics Data Sheet
	Date
	


	
	Pool #1
	Riffle #1
	Pool #2
	Riffle #2

	
Water temperature

	

	
	
	

	
Dissolved Oxygen

	
	
	
	

	
Turbidity

	
	
	
	

	
Stream Flow

	
	
	
	

	
Other: 

	
	
	
	








Calculating Stream Flow
Measure a 10m segment of your stream to collect the following measurements:
Stream flow: 
Step 1: Stream segment width: Find the average width of your stream segment at the top, middle, and bottom end of your segment.  
Width top: _______m
Width middle: ______m
Width bottom: ______m
Average: ______ m
Step 2: Stream segment velocity: Using your segment, drop a ping pong ball and record the speed at which the object travels the length of the segment.  You should do this at the left, middle, and right side of the stream, and then average your measurements.  
	Left side (sec)
	Middle (sec)
	Right side (sec)
	Average

	
	

	
	

	
	

	
	

	
	

	
	

	Average of all three segments (time in seconds)
	




Step 3: Stream depth.  Stretch a tape measure across the stream at the mid-point of your stream segment.  At 1 m intervals across the stream, measure the depth (in m) and record it in the table below.  If you have a very wide stream, measure depth every 2 or 3m.  
	Distance (m)
	Depth
	
	Distance (m)
	Depth

	0
	0

	
	6
	

	1
	

	
	7
	

	2
	

	
	8
	

	3
	

	
	9
	

	4
	

	
	10
	

	5
	

	
	11
	



Sum of depths:  ______ / number of samples taken = _________ average depth of stream

Step 4: Flow calculation
Now that you have all your measurements, simply plug in the numbers in the equation:

[10m (length) x  _____ m (width) x  _____ m (depth)]  _____ (time secs) = _____ cubic meters/sec

Place this value into the chart on the previous page.  
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Lesson 4—core: What lives in leaf packs? Macroinvertebrate data collection
Instructional Goal
 At the end of this lesson, SWKABAT: 
b. Observe characteristics of stream macroinvertebrates
c. Recognize that macroinvertebrate diversity exists
d. Classify these organisms into fine groups (e.g. mayflies, dobsonflies) based on similarities and differences in morphology

Materials
Optional Field Trip[footnoteRef:7]: [7:  If you don’t do the set up in class, you will still need waders or appropriate shoes to collect the experiment yourself.] 

· Waders or appropriate shoes
· Thermometer
· Water quality test kits: dissolved oxygen, turbidity (optional), nitrate (optional), ammonia (optional)  
· Stream flow measurement tools: ping pong ball, meter tape, stopwatch
· Scissors to cut string attaching bags to rock, tree etc.
· Ziploc bags (1 for each student group, 2 for AHS)
· Buckets
· Stroud macroinvertebrate identification key (available online http://www.stroudcenter.org/lpn/LPNmanual/index.htm)
· Leaf pack sorting sheets (waterproof; 1 per group, available from Connecticut Valley Biological Supply)
· Plastic spoons, tweezers, transfer pipets, or turkey basters and white trays for students to use while sorting 
· Strainer (i.e., kitchen) or sieve and buckets for rinsing invertebrates from leaves
· Squirt bottles (optional)
· Petri dishes to hold organism groups while sorting (9 per group of students)
· Hand lenses (one or two for each pair or group of students) and/or dissecting microscopes
· Optional Safety equipment: latex gloves, goggles
· 70% ethanol solution – used to preserve animals for lesson 3
· Copies of Macroinvertebrate Data Collection worksheet (1 per group or per student, 2 for AHS)
· One classroom copy of Stream Characteristics data sheet, Calculating Stream Flow Data Sheet
· Projector to display Excel data sheet or create a chart/poster to collect class data

Advance Preparation
Prepare for outdoor collection trip, ensuring students’ familiarity with water test kits.  You do not have to take students outside to collect their packs, if you need to save time.  However, we strongly suggest taking students outside, both to improve their motivation and to help them understand how the different experimental locations are different.  If students are not able to accompany you to the stream you may want to take pictures for students of stream and the packs in the stream.  See Advance Preparation from lesson 1a to address safety concerns.  

Download Excel workbook or make a poster to collect class data.  Make student copies of Macroinvertebrate Data Collection worksheet and Stream Characteristics Data Sheet.  You may also want copies of Lesson 5’s Stream Biology Briefs in case a student wants to know more about the organisms they are finding.
  
Lesson Procedure
1. You or the students should collect the leaf packs from the stream.  While you are at the stream, make sure to record temperature, dissolved oxygen, turbidity, and stream flow using the Stream Characteristics & Calculating Stream Flow data sheets.  These data will help you confirm the earlier data from when the leaf packs were first set out.  Collect data for each riffle or pool your students use.  Decide if you are going to identify organisms in the field or in the classroom. 
A. If you are going to ID in the classroom, place each leaf pack in a separate Ziploc bag filled with some stream water and return to the classroom.  If you want to keep the organisms alive overnight, make sure to keep each treatment bag in a separate bucket in a cooler or in the refrigerator with enough water to use an aquarium airstone or bubbler.  Pay careful attention to keeping the treatment bags separate, so that your results are accurate.    
B. If you are going to ID in the field, have students observe how the leaves look once they are taken out of the leaf packs – observe color, shape, state of decay, etc.  Students should carefully look for organisms on and around the leaves – see note below in “Learning Progression Look For” box.  
TEACHER’S NOTE - If you want to collect organisms one day and look at them the next, you can preserve the animals in a 70% ethanol solution, or you can keep them alive.  To keep the animals alive overnight, place them in a cooler or in the refrigerator with enough water; an air bubbler in the bucket will increase your chances that they will stay alive.  If your students don’t have time to look at the organisms’ feeding structures  (mouthparts) using hand lenses, dissecting scopes, or as a class with a video microscope on the sorting-counting day you can preserve at least a representative sample of each type of organism for identification of the mouthparts in the classroom for Lesson 4.  If you have time at the stream, you can count how many of each type you have collected, and then keep one representative for classroom identification and analysis.  
Pass out the Macroinvertebrate Data Collection worksheet so students have written instructions for how to explore the leaf packs and discussion questions.  Ask students not to record data until they have finished sorting and identifying.  Advanced HS groups will need two copies of page two of the data collection worksheet, since they are recording data for different kinds of leaf pack treatments.
2.  (
Learning Progression Look 
Fors
:
 Ask students 
w
hat happened to the leaves while they were in the stream?  How does a leaf go from being “perfect” when it falls from the tree to “disappearing”
 when they pulled it out of the bags
?  
Lower level s
tudents know about decomposers, but often d
on’t invoke them to explain how a leaf changes over time.  They also don’t understand where the mass of a leaf goes- i
.
e
.
 that it is eaten by microbes.  Most students will simply say that the leaf ‘disappears’.  This is a connection to the carbon 
strand- remind students of conservation of matter.  
)Before students separate organisms from leaves, they should observe the leaves.  Then have students separate the organisms from the leaves.  There are two methods of separation:
A. Pick through the leaves, removing organisms with tweezers, plastic spoon/fork or fingers.  
B. [image: IMG_9338.jpg]Using a strainer.
i. Agitate the leaves in a bucket or tray of water to dislodge the invertebrates. 
ii. Remove the leaves from the water and place in a separate container.  
iii. Pour the bucket of water and invertebrates through a strainer, and into another bucket.  The animals should be trapped on top of the strainer (either a science one like in the picture or a common kitchen strainer).  A squirt bottle is helpful to dislodge the invertebrates from the strainer.  
iv. Rinse the invertebrates from the strainer into a tray or other container.  If you notice animals that are still on the leaves, repeat the procedure.  
3. Keep some leaves (a handful is fine) from the leaf packs for the microinvertebrate part of the unit- you will use them to observe microbial life living in the stream.  
4. Ask students to place the macroinvertebrates into groups based on observable characteristics.  This will assist them with classification skills, and foster their observation skills as they work to clarify the reasons they have grouped different organisms together.  
5. Give students the ID sheets to create more appropriate groups.  
6. Have students sort the macroinvertebrates into Petri dishes using the identification sheets and keys.  If student groups have more than one leaf pack type (advanced HS students) they need to sort and count each bag separately, one after another.  You will need to introduce the term macro-invertebrates if you have not done to so already.  If you think your students will take too long to sort the organisms from their whole pack, you can have students count a subsample of the pack or just sort for a set amount of time (e.g. 25 minutes).   
 (
Learning Progression Look 
Fors
:
 Students will group organisms based on morphology, but they often don’t see the large differences within groups or the subtle ways in which organisms are different.  Students often want to group different mayflies, for instance, into separate groups, or place 
dobsonflies
 in the group that includes isopods because they think the filaments on the abdomen are actually legs.  Pointing out that there are hundreds of species of mayflies which take on very different forms (burrowers, swimmers, crawlers etc) will help students recognize diversity.  If you are lucky enough to have a sample that has multiple types 
of one 
taxa
 with large differences in morphology such as mayflies, dragonflies, or 
caddisflies
,
 spend some time with students highlighting the similarities and differences within an order.  Instead of just telling students they are wrong when they sort their organisms into an incorrect group (such as the dobsonfly example), help them explore the ways in which they might be able to re-classify the organism.  
)As they are sorting, prompt small groups to think about what they are doing using the discussion questions on the handout. 
As you walk around, a fun way to engage students is to have them observe the mouthparts of the different organisms.  This will be focused on in a later lesson, but for now, point out to students the predators among the organisms (dragonflies, for example, have huge jaws that can be extended carefully with forceps) or organisms without visible mandibles (scrapers).     
7. When they have sorted all of their organisms into the Petri dishes have students count the numbers of invertebrates in each Petri dish and record data on the Macroinvertebrate Data Collection worksheet.  For the 2 non-insect Petri dishes (e.g. with leeches and crayfish) have students count the major types of each invertebrate.  They should also report these data so you can record it on a species list poster.  You might also use the Excel worksheet by either turning in their worksheet or typing or writing the data themselves. 
8. Directions for the Excel Workbooks can be found in Appendix E.  
9. Bring students together to talk about what they found.  Add to the list of organisms living in the stream from Lesson 1.  As a class, discuss how many different kinds of organisms they found and how they were able to tell when there were different kinds; emphasize careful observation of differences among organisms as a way of telling organisms apart.  Have students share their speculation on whether they think these organisms all eat the same things and how they could explore that question if they wanted to.
10. Preserve a representative of each group of organisms in 70% ethanol for exploration of mouthparts in Lesson 3.  

Assessment Ideas:		
1. What traits or characteristics of the macroinvertebrates did you use to sort them into groups?
2. What traits or characteristics would you use to identify a mayfly?  
3. What traits or characteristics would you use to tell the difference between a mayfly and a caddis fly?  What traits or characteristics would you use to tell the difference between a dog and a cat?
4. In this unit, students only identify organisms to Order.  Given the tool and skill constraints, they cannot identify the organisms at the species level.  If you would like to talk about species diversity within Orders you might consider asking students to research the name and ecology of a specific local stream organisms using information from the library or internet.
 
Lesson 4:  Macroinvertebrate Data Collection
(student worksheet)
	Names in group:



	Place in stream (riffle or pool):

	Type of leaves: 

	Stream Name:	

	State:



1. First, before you empty your bags out, observe how the leaves look (is it green, brown, decaying, in clumps, etc.).  Carefully explore in and around the leaves.  Do you see any organisms?  What parts of the leaf pack are the organisms in or on?

2. Empty the bag of leaf litter according to your teacher’s instructions.  Separate the animals you find into major groups using the key, sorting mat and Petri dishes provided.  

3. Now, count the numbers of invertebrates in each Petri dish on your sorting mat and record your data in the table on the next page.  Take notes about relative sizes and any other things you noticed about the invertebrates in your leaf pack.  

Example				
[image: stonefly, dragonfly and damselfly.tif]


	Major Groups
Common name (Order)
	Number of individuals
	Observations

	Stoneflies (Order Plecoptera)
	1
	Seen eating a smaller invert

	Dragonflies and Damselflies (Order Odonata)
	2
	Sizes:  One big with skinny tail and one small with fat tail







Discussion Questions:  

1. How can you tell when organisms are different kinds?  

2. How are the organisms different from one another? 

3. Do you think all of these organisms eat the same thing?  Why or why not?

4. Are all the organisms in a Petri dish the same?  Why or why not?



	
Major Groups
Common name (Scientific group name)
	Number of individuals
	Observations: 

	Stoneflies
(Order Plecoptera)
	
	

	Dragonflies and Damselflies
(Order Odonata)
	
	

	Mayflies
(Order Ephemeroptera)
	
	

	Water Beetles
(Order Coleoptera)
	

	

	True Flies
(Order Diptera)
	
	

	Crane Flies
(Order Diptera, Family Tipulidae)
	
	

	Dobsonflies and Alderflies
(Order Megaloptera)
	
	

	Caddisflies
(Order Tricoptera)
	
	

	Net-spinner Caddisflies
(Order Tricoptera, Family Hydropsychidae)
	
	

	Water mites
(Order Acari)
	
	

	Springtails 
(Subclass Collembola)
	
	

	Scuds
(Order Amphipoda)
	

	

	Sowbugs
(Order Isopoda)
	

	

	Crayfish
(Order Decapoda)
	
	

	Snails
(ClassGastropoda)
	
	

	Clams and Mussels
(Class Bivalvia)
	
	

	Leeches
(SubclassHirudinea)
	
	


	Aquatic Earthworms
(SubclassOligochaeta)
	
	


	Planaria
(ClassTurbellaria)
	
	

	Nematodes 
(Phylum Nematoda)
	
	




Be prepared to give sums of all categories to your teacher. We will be using grand totals for all later lessons and display later for classroom reference.

Lesson 4:  Macroinvertebrate Data Collection
(Teacher Answer Key)
Discussion Questions:  

1. How can you tell when organisms are different kinds?
· How they look and act

2. How are the organisms different from one another? 
· Number of legs
· Size
· Color
· Shape or body structure
· Body covering

3. Do you think all of these organisms eat the same thing?  Why or why not?
· Unlikely since they all different and have different mouths; they live in different niches or the stream.

4. Are all the organisms in a Petri dish the same?  Why or why not?
· Unlikely because you have biodiversity!
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Lesson 5—core: Who eats whom?

Instructional Goal
At the end of this lesson, SWKABAT:
a. Explain how an organism’s mouthparts affect how it obtains food
b. Explain how organisms with similar anatomy and preferences for feeding might compete for food
c. Construct and label feeding groups and direction of matter and energy flow in a food web 
d. Explain how the feeding actions of an organism could affect the abiotic environment
e. Classify these organisms into feeding groups on the food web 

Materials
· Prepared specimens from Lesson 2 (or live specimens if you kept them overnight)
· Hand lenses or dissecting scopes
· Student Organism cards, 1-16 only (1 set per pair of students) and Teacher Organism cards made into magnets (or post it notes)
· Food Web Lesson 3 template (1 per pair of students, optional)
· List of stream organisms; students food webs from Lesson 2
· Filled out copies of Macroinvertebrate Data Collection worksheet (or have classroom data available)
· Copies of Stream Biology Briefs Reading
· Computer or overhead projector to display Food Web poster pdf and Functional Feeding Group ppt and videos.

Advance Preparation
Prepare copies of the Organism cards, either as magnets or for use as post-its on the board (or on a smartboard, etc).  Ideally, each group of students will have their own set.  Remind students to bring or collect from students their filled out copies of the Macroinvertebrate Data Collection worksheet or make sure to have classroom list available on a poster.  Make copies of Stream Biology Briefs and the Food Web poster (optional scaffolding for students).  Prepare overhead or download pdf of the Food Web poster.  Prepare overhead printouts or download the Functional Feeding Group  ppt presentation.  There are links in the PPT to videos of feeding, so check that they work properly on your computer.

Lesson Procedure
1.  (
Learning Progression Look For
: Level 2 students recognize predator-prey interactions, but not indirect interactions such as competition for resources.  They also don’t recognize how traits affect an organism’s interactions. Talk to your students about how similar mouthparts may mean organisms have similar food requirement and thus may compete with each other even if they don’t encounter one another.  
)Allow students to observe the preserved specimens using dissecting scopes or hand lenses.  If you have a video microscope you can review the mouthparts as a class.  Reviewing mouthparts will cause this lesson to be an extra 10-15 minutes.  
2. Pass out Who eats whom? Worksheet.  Show the Functional Feeding Group PowerPoint and discuss why organisms need food (i.e. matter for growth and reproduction and energy for life’s processes) and how we can classify different organisms by their different feeding requirements.  In this case, what kind of organisms or organic material they need for food.  Present each major feeding group by showing the example pictures and videos and discussing how they feed.  You should also discuss how different shaped mouthparts make different organisms suited to eat different things in different ways, i.e. shredding, scraping and collecting.  There are notes in the PowerPoint to help in discussion.  Have students answer questions 1 and 2 on the worksheet during the powerpoint.
3. Students should record each organism group’s feeding group on their Who Eat’s Whom? worksheet.  You might consider having students record the feeding group information into the worksheet during the Functional Feeding Group PowerPoint to save time.  Alternatively you can have students use the Stream Biology Briefs reading individually, in groups, or as a class to find the feeding group for each type of organism found in their pack.  You could also choose to have them use the list of organisms found by the whole class or in all the packs from where their pack was located: riffles or pool—whichever way works best for you; students can get this information from their Macro-invertebrate Data Collection Table or the class list).
4. Have students construct a food web of the stream community using the filled out Who Eats Whom? worksheet and the Organism (Macroinvertebrate) Cards. Have groups make the food webs on an 11 x 17 piece of paper (8.5x 11 if each student makes their own). Keep these to use in Lesson 7.  
 (
Learning Progression Look For
: Lower level students see feeding relationships in terms of life or death.  You want to help your students see that feeding is about the transfer of matter and energy.  Organisms need matter to grow and reproduce and energy to carry out the processes of life.  Talk to your students about why they eat and how that is similar to what stream organisms eat.
)Have the students pick out only the cards that are on their pack (or found by the whole class etc.)and construct a food web from those.  Students should then sort the cards by feeding group and construct the food web using the groups of cards to guide them.  If the packs have low diversity, have students use all of the cards or a subset of your choice.
 (
Learning Progression Look For
: Higher level students acknowledge that there is functional redundancy in communities (i.e. there is often more than one species that can perform a function) and higher level students also grasp the implications of functional redundancy (i.e. removing one species won’t necessarily cause a food web to collapse).  Talk to your students about functional redundancy – you may want to use the analogy of having several back-up quarterbacks on a football team.
)Many students are overwhelmed by building a food web if there are multiple groups of organisms of each feeding type (e.g. three types of collectors, 2 predators etc.) or because they are not familiar with decomposers You may want to scaffold their food web construction by providing a copy of the Food Web Lesson 3 template.  They should draw the arrows to indicate matter-energy transfer themselves.  Their web may still be incomplete as students might not add all producers or decomposers or vertebrates.  These extensions will be added in Lesson 7. 
For advanced HS groups with two packs, you could have them either make two food webs or have half the class use their deciduous packs and have the coniferous.
5. Students should answer the rest of the questions on the Who eats whom? Worksheet (except for the last question with the table).  Update the class list of organisms: add a feeding group column.
6. Review the food web on the board (using the food web poster if needed) using the magnets (or post-it notes) and lead a class discussion reviewing 
a. why organisms need food (i.e. matter for growth and reproduction and energy for life’s processes)
b. where the different feeding groups of macro-invertebrates (i.e. predators and other consumers: scrapers, shredders, and collectors) get their food (i.e. each other, decomposers, or producers). 
c. the answers to questions 8-11 on the Who eats whom? Worksheet. 
7. Ask students to think about how the feeding actions of each group (e.g. removing prey organisms from the environment or breaking down organic material into smaller pieces) would affect abiotic factors in the stream.   As a class, fill out the table in final question of the worksheet describing these changes.  The key is to think about what the food does when it is in the environment and then to speculate on what would happen when it is gone or broken down-this part is key to the unit- see the “Learning Progression Look For” below.  
8.  (
Learning Progression Look For
: Lower level students see that an organism is affected by its environment, but not that organisms affect their 
abiotic
 environment.  Talk to your students about how individual organisms can modify the 
abiotic
 environment around them- for example, an increase in shredders would increase the 
turbidty
 of the stream.  An increase in decomposers could reduce the oxygen levels (some students may have learned about 
eutrophication
).   Discuss with your students how small changes by many individuals can add up to big changes.  For example, humans collectively are greatly increasing the amount of CO2 in the earth’s atmosphere.  Another example is soil bacteria that make nitrogen available for plants.  One 
bacteria
 doesn’t do enough, but millions of bacteria in just a few tablespoons of soil have a large impact.
)You might choose to have students switch their food web with another group.  The groups should point out 2 aspects of the other group’s food web that they really like and 2 aspects that could be improved.  We have found sharing food webs to be a great learning experience but it will add an optional 10 minutes to this lesson.
Assessment Ideas:		
1. Who eats whom? Worksheet.  Focus on question 10. 
2. Exit ticket:  Why do all organisms need food?  
3. Exit ticket: Crane flies are shredders.  How do they get their food?  How do they change the abiotic environment as they get their food?
4. Show students various pictures of macroscopic organisms and have your class decide the role of the organism in the stream?
a. Show videos and pictures of different shredders, predators, collectors or scrapers and based on physical traits students may guess what role it plays in the stream environment.  Add larger things if time permits like crayfish, snails, etc.

Lesson 5:  Who eats Whom?
(student worksheet)
1. Why do organisms eat?


2. What do each of the following types of organisms eat?
a. Predators:


b. Scrapers:


c. Shredders:


d. Collectors:


3. Complete the “In the packs?” column in table below.  Answer yes or no to whether it was found in your leaf packs.
4. Look at the Macroinvertebrate cards and/or Stream Biology Briefs and determine how these organisms eat and complete the feeding group column. 
	
Major Groups
Common name (Scientific group name)
	In the packs?
Yes or No
	Feeding Group 
Predator, Shredder, Collector, or Scraper

	Stoneflies (Order Plecoptera)
	
	

	Dragonflies and Damselflies (Order Odonata)
	
	


	Mayflies (Order Ephemeroptera)
	
	

	Water Beetles (Order Coleoptera)
	

	

	True Flies (Order Diptera)
	
	

	Crane Flies(Order Diptera, Family Tipulidae)
	
	

	Dobsonflies and Alderflies (Order Megaloptera)
	
	

	Caddisflies (Order Tricoptera)
	
	

	Net-spinner Caddisflies(Order Tricoptera, Family Hydropsychidae)
	
	

	Water mites (Order Acari)
	
	

	Springtails (Subclass Collembola)
	
	

	Scuds (Order Amphipoda)
	
	

	Sowbugs (Order Isopoda)
	
	

	Crayfish (Order Decapoda)
	
	

	Snails (Class Gastropoda)
	
	

	Clams and Mussels (Class Bivalvia)
	
	

	Leeches (Subclass Hirudinea)
	
	

	Aquatic Earthworms (Subclass Oligochaeta)
	
	

	Planaria (Class Turbellaria)
	
	

	Nematodes (Phylum Nematoda)
	
	





5. Next pick out the Macro-invertebrate cards of the organisms that were found.  Sort these cards by feeding group (scrapers, collectors, etc).
6. Using the Macroinvertebrate cards, arrange them into a food web on your table.  Transfer all new organisms, their names and how they feed onto your original food web poster made back in Lesson 2.
7. What direction do the arrows go in your food web diagram?  Why did you draw them that way?


8. How is the energy flowing?  How does light energy transform into chemical energy?  


9. Where do we find stored chemical energy?


10. In which type of feeding group did you find the greatest number of organisms? 
Why do you think that is?


11. Are there any feeding groups described in the Stream Invertebrate Biology Briefs that you did not find in your sample? What are some possible reasons for why that might be?  



12. Pick one organism that you found in the stream (ex: mayflies).  What feeding group is your organism in (shredder, scraper, etc)?




13. Use your food web drawing to predict what you think would happen to the other organisms found in the leaf pack if your chosen group of organisms did not exist in the stream.  Use the  boxes  below to help organize your thoughts.  
 (
Prediction
) (
Then what happens?
) (
Then what happens?
) (
Loss 
of 
:
 
  
)

 (
Ex: Scrapers
Collectors
)






14. Complete the table below.  Hint: The key is to think about what the food does when it is in the environment.

	Feeding Group
	What organism does this group eat?  How does it get its food?
	How will a decrease in that food affect the abiotic (nonliving) environment?

	Scrapers
	



	

	Collectors
	


	

	Shredders
	



	




Lesson 5:  Who eats whom?
(Teacher Answer Key)
1. Why do organisms eat?
· Provide cells with matter for growing and reproducing
· So they have energy for living

2. What do each of the following types of organisms eat?
a. Predators:
· Other animals
b. Scrapers:
· Algae, bacteria, anything they can scrape off
c. Shredders:
· Leaves and algae, bacteria, and fungi which they remove from leaves as they break them into smaller pieces
d. Collectors:
· Small pieces of food and organic matter, like broken up leaves

3. Complete the “In the packs?” column in table below.  Answer yes or no to whether it was found in your leaf packs.

4. Look at the Macroinvertebrate cards and/or Appendix A and determine how these organisms eat and complete the feeding group column. 
	
Major Groups
Common name (Scientific group name)
	In the packs?
Yes or No
	Feeding Group 
Predator, Shredder, Collector, or Scraper

	Stoneflies (Order Plecoptera)
	
	Mostly predators

	Dragonflies and Damselflies (Order Odonata)
	
	predators


	Mayflies (Order Ephemeroptera)
	
	Collectors

	Water Beetles (Order Coleoptera)
	

	Scrapers

	True Flies (Order Diptera)
	
	Collectors

	Crane Flies(Order Diptera, Family Tipulidae)
	
	Shredders

	Dobsonflies and Alderflies (Order Megaloptera)
	
	Predators

	Caddisflies (Order Tricoptera)
	
	Shredders and predators

	Net-spinner Caddisflies(Order Tricoptera, Family Hydropsychidae)
	
	Collectors

	Water mites (Order Acari)
	
	

	Springtails (Subclass Collembola)
	
	

	Scuds (Order Amphipoda)
	
	Shredders

	Sowbugs (Order Isopoda)
	
	Collectors

	Crayfish (Order Decapoda)
	
	Predator and collectors

	Snails (Class Gastropoda)
	
	Scrapers

	Clams and Mussels (Class Bivalvia)
	
	Collectors-filter feeders

	Leeches (Subclass Hirudinea)
	
	Predators

	Aquatic Earthworms (Subclass Oligochaeta)
	
	Collectors

	Planaria (Class Turbellaria)
	
	Predators

	Nematodes (Phylum Nematoda)
	
	



5. Next pick out the Macro-invertebrate cards of the organisms that were found.   Sort these cards by feeding group (scrapers, collectors, etc).
6. Using the Macro invertebrate cards, arrange them into a food web on your table.  Transfer all new organisms, their name and how they feed onto your original food web poster made back in Lesson 2.
7. What direction do the arrows go in your food web diagram?  Why did you draw them that way? 
8. How is the energy flowing?  How does light energy transfer into chemical energy?  
9. Where do we find stored chemical energy?
· Arrows should move up from producer to consumer (matter).
· Arrows should also show energy moving in the same direction (energy).
· Light is transferred into chemical energy by plants and photosynthesis.
· Find stored chemical energy in the bonds making up sugar, proteins, carbohydrates and lipids (refer to chart in lesson 2).
10. In which type of feeding group did you find the greatest number of organisms? Why do you think that is?
· Answers will vary but the why could be because there was more food, better conditions (abiotic), predation, competition, etc.
11. Are there any feeding groups described in the Stream Invertebrate Biology Briefs that you did not find in your sample? What are some possible reasons for why that might be?  
· Answers will vary and so will the reasons.
12. Pick one organism that you found in the stream (ex: mayflies).  What feeding group is your organism in (shredder, scraper, etc)?
13.  (
…then larger organisms that live in the stream would lose a food source
…or lower O2 organisms rise due to less competition
Then what happens?
) (
…then organisms that live in the stream that need higher amount of O2 would move or die
Then what happens?
) (
Would decrease the available oxygen in the stream by killing the algae
Prediction
) (
Scrapers
Loss 
of 
:
 
)Use your food web drawing to predict what you think would happen to the other organisms found in the leaf pack if your chosen group of organisms did not exist in the stream?











10. Complete the table below.  Hint: The key is to think about what the food does when it is in the environment.
	Feeding Group
	What organism does this group eat?  How does it get its food?
	How will a decrease in that food affect the abiotic environment?

	Scrapers
	Algae.  They scrape the algae off of surfaces.

	Algae are producers that make their own food using photosynthesis.  Producers release O2 when they make food.  A decrease in algae will lead to a decrease in O2 in the water.

	Collectors
	Bits of organic matter and small organisms floating in the water.  They take the floating bits out of the water
	Bits of organic matter and small organisms floating in the water make the water cloudy turbid).  A decrease in the bits in the water will lead to the water being clearer.  This will let more sunlight into the water (more heat or more photosynthesis). 

	Shredders
	Bacteria and fungi on leaf surfaces.  They tear up leaves into small pieces.


	Shredders tear up leaves into small pieces.  This leads to an increase in sunlight.  For example, in wetland ecosystems where this does not occur quickly, leaves pile up and hinder light availability. 
Bacteria and fungi are decomposers.  Decomposers are messy eaters that leave a lot of nutrients in the water.  A decrease in bacteria and fungi will decrease the amount of nutrients in the water



Stream Biology Briefs
In aquatic ecosystems, scientists often categorize organisms by how they feed.  This includes observation of the organisms in their habitat, and examining them under a microscope to investigate their morphology; the study of the form, structure and configuration of an organism. This includes aspects of the outward appearance (shape, structure, color, pattern) as well as the form and structure of the internal parts like bones and organs.

CLASSIFICATION BY FEEDING GROUP
[image: amphipod copy.jpg]Shredders: These animals take detritus, such as leaves, and break it into smaller particles or “skeletonize” it.  Microbes colonize the leaf litter first, followed by the larger invertebrates such as the cranefly, some caddisflies & stoneflies, and amphipods (at left).  The crane fly breaks down the leaves from the trees and makes the energy and nutrients in the leaves available to other aquatic organisms.     

Collectors (both gathering and filtering): Some organisms are filter-feeders, spinning nets to catch fine particles of detritus.  Others feed on detritus at the bottom of streams and ponds.  These animals include the net-spinning caddisfly, blackfly larvae, midge larvae, clams, and some mayflies.  Net-spinner caddisflies construct a mesh net for filter feeding, but this net is usually destroyed during collection.  Black fly larvae and midge larvae have “fans” on their heads to capture material floating in the water.  Some scientists separate out the scavengers from this group, but we will include scavengers.      

Scrapers: Scrapers include animals that have mouthparts they can use to graze on hard surfaces such as rocks.  They have to be strong to hold onto the surface while they feed.  Many of these animals have a hard shell (such as the snail or water penny) to protect them from the high energy of the water.  The water penny scrapes diatoms from the surface of rocks and then eats the material as it moves, since it is sheltered from the current by the hard plates.  These animals include most snails, the water penny beetle, and some mayflies.    

[image: damsel fly copy.jpg]Predators: These animals have large mouthparts consisting of two opposing jaws which they use to kill other smaller invertebrates. Dragonflies, damselflies (at right), and the dobsonfly are part of this group.  Dragonflies and damselflies have a large, extendable lower “lip” (labium) that can engulf very large prey, with mature dragonflies sometimes eating small fish.  This lip covers the other mouthparts of the larvae, allowing it to capture large animals and tear pieces of their prey while still moving around on all six legs.  Some scientists separate out parasites from this group, but we will include them here.  
Decomposers: These organisms colonize leaf surfaces and use the leaves for food: microbes such as bacteria and fungi.
Producers: These organisms do photosynthesis.  They make their own food, using sunlight to transform carbon dioxide and water into sugar plus oxygen.  Producers include trees, diatoms, and algae.




[image: ]Stoneflies (Order Plecoptera)- Most stonefly are predators; some are shredders.  Mouthparts determine whether they are shredders or predators. Shredder mouthparts are directed downward and are shaped for cutting and grinding, while predator mouthparts project forward and are very sharp and pointed.  Common prey are midges and black flies along with mayflies. Lives in water with 8-12 mg/L of dissolved oxygen.
Dragonflies (Infraorder Anisoptera; order Odonata) – Predators of anything smaller-as young larvae they eat mostly zooplankton, and as they grow larger they will eat mayflies and even small fish.  Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: Dragonfly]   [image: ] [image: ]    [image: Dragonfly]

Damselflies (Suborder Zygoptera; order Odonata) – Aquatic nymphs hatch from eggs that are laid in the water.  Many overwinter as nymphs, which crawl up on vegetation in the spring to emerge as adults.  They are predators and live in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: ]



Mayflies (Order Ephemeroptera) – Overwinter as aquatic nymphs.  Diet is mostly algae or detritus; mayflies are either collectors or scrapers (76% of the families are collectors, 19% are scrapers, and 5% are predators).   Lives in water with 8-12 mg/L of dissolved oxygen.
[image: waterpenny.JPG (19280 bytes)][image: ] [image: ] [image: ]
Water penny beetle (Order Coleoptera) – Flat shaped beetle that often curls up when disturbed, and has a strong grip to allow it to move across surfaces in highly turbid water.  Water pennies are scrapers who graze on algae on rocks.  Lives in water with 8-12 mg/L of dissolved oxygen.


Whirligig Beetles (Order Coleoptera) - Beetles that swim on the surface or underwater and are primarily collectors.  Lives in water with 8-12 mg/L of dissolved oxygen.
[image: Whirligig]
                        


[image: BeetleLarva.GIF]Riffle beetles (Order Coleoptera) – Small, torpedo-like larva with circular stripes or rings around the body, they are primarily collectors that eat diatoms and algae.  Lives in water with 8-12 mg/L of dissolved oxygen.

Midge larvae (Family Chironomidae, Order Diptera)-  Collectors that filter organic components of sediment & algae.  Lives in water with less than 4.0 mg/L of dissolved oxygen.

[image: http://www.unb.ca/cri/projects/Invertebrate_key/Order%20Key/midge.jpg]
Blackfly larvae (Family Simuliidae, Order Diptera)- Collectors; they hold onto the substrate with tiny hooks and then extend a foldable “fan” into the stream, filtering particles of food (bacteria, detritus, algae) into the fan which is then scraped into its mouth every few seconds.  Larvae are very small – between 3 and 12 mm long.  Lives in water with less than 4.0 mg/L of dissolved oxygen. 
[image: http://www.sewanee.edu/biology/journal/vol2/urbanstream/Blackfly.GIF]
Crane Fly Larvae (Family Tipulidae, Order Diptera)- shredders; break down leaves from trees.  Crane fly larvae often look like large worms or maggots, and can be up to 2” long (10-100mm).  (Crane fly from genus Hexatoma are engulfer-predators.)   Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
                                                                 [image: http://www.amrclearinghouse.org/Sub/WATERmonitoring/Macro%20pics/cranefly.jpg]
Dobsonfly larvae (also called Hellgrammite; Subfamily Corydalidae, Order Megaloptera)- Predators of any small invertebrate. Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: Hellgrammite]



[image: http://www.amrclearinghouse.org/Sub/WATERmonitoring/Macro%20pics/alderfly.jpg]Alderflies (Order Megaloptera) – Aquatic larvae are active predators that feed on aquatic insects, worms, crustaceans, snails and clams. All are predators. Lives in water with 4.1-7.9 mg/L of dissolved oxygen. 




Caddisfly larvae- case makers (Order Trichoptera)- most caddisflies that construct cases of small stones are shredders of detritus and algae.  Lives in water with 8-12 mg/L of dissolved oxygen.

[image: Attached Image]                        [image: Attached Image]


Free-living Caddisflies (Order Trichoptera)- are mostly predators of smaller invertebrates or scavengers.  Lives in water with 8-12 mg/L of dissolved oxygen.
[image: ]
Net spinner Caddisfly (Order Trichoptera; Family Hydropsychidae) – Collectors who spin nets to catch fine particles of detritus.  Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: CaddisflyLarva]
Scud (Order Amphipoda; also called sideswimmers and amphipods)- Shredders who eat mostly detritus, algae, bacteria, and any recently dead organisms.  Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: gam_set.png]
Sowbugs/Pill bugs (Order Isopoda) – Eat a variety of decaying organic matter.  Most are collectors.  Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: http://www.amrclearinghouse.org/Sub/WATERmonitoring/Macro%20pics/sowbug.jpg]




Crayfish  (Order Decapoda)- omnivores, primary food is decaying vegetation but will eat anything they can subdue; they are predators and collectors (scavengers).  Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: Crayfish]
Spiders (Class Arachnids) - Feed by sucking the body fluids from their prey; predators.  
[image: Mygale Fodiens]
Snails (Class Gastropoda) – Snails scrape algae and other organic matter from ponds substrates.  Most snails are scrapers.  Gilled snails live in water with 8-12 mg/L of dissolved oxygen, lunged snails can live in water with less than 4 ml/L of dissolved oxygen.
[image: Pond Snail][image: Pond Snail][image: Physa Heterostropha][image: Pond Snail]



Clams and mussels (Class Bivalvia) – Clams & mussels are filter feeders that live on phytoplankton, zooplankton, detritus and bacteria.  They are collectors.  Lives in water with 4.1-7.9 mg/L of dissolved oxygen.
[image: Mussel]
Leeches (Subclass Hirudinea) – Worm-like, soft-bodied organisms with not legs and suckers at either end of the body that attach to hosts and suck fluids from other animals.  They are predators (or parasites).  Lives in water with less than 4.0 mg/L of dissolved oxygen.
[image: Leech][image: Leech]

Aquatic Earthworms (Order Oligochaeta) – Most eat detritus, algae and bacteria; these are collectors.   Lives in water with less than 4.0 mg/L of dissolved oxygen.
[image: http://people.westminstercollege.edu/faculty/tharrison/emigration/oligo2.gif]
Planaria (Class Turbellaria)- Also called flatworms; predators of soft-bodied invertebrates. 
[image: img_water_mite.jpg][image: Flat Worm Preview]
Water mite (Subclass Acari) – These small, tick-like animals live on land and in water.  They are parasites or predators of other organisms. 


Small arthropods and other protists: mostly consumers (omnivores) that eat small arthropods, protists, bits of detritus, algae etc.


References: 
Voshell, J.R. 2002.  A Guide to Common Freshwater Invertebrates of North America.  McDonald &
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Thorp, J.H. & A.P. Covich.  2010.  Ecology and Classification of North American Freshwater
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Lesson 6—core: What lives in leaf packs? Let’s look closer

Instructional Goal
At the end of this lesson, SWKABAT: 
d. Observe microscopic life
e. Recognize that diversity of microscopic life exists
f. Group microscopic life based on feeding group
g. Know that decomposers are organisms that live in the stream and break down dead things 
h. Explain that decomposers get food to obtain matter and energy, just like other consumers do 
i. Explain that when decomposers get their food they don’t take up everything from the environment that they digest, so some minerals and other good molecules are left in the environment to be taken by other organisms

Materials
· Decomposer PowerPoint presentation and projector to display it
· Copies of “What Lives in Leaf Packs?  Let’s look closer” chart
· Stream organism poster from Lessons 1 and 2
· To explore microscopic life, at least one of the following is needed:
Option A:  Exploration using video compound microscope  or Compound microscopes (1 per pair or small group)
· Copies of Life in a Drop of Water key (obtain this document from  your research contact) 
· Slides (regular or depression) and cover slips
· Pipettes
· Water samples from stream with one or two leaves in each jar sample (one or two per leaf type) to feed microbes.
· Demoslides
· Alcohol or Protoslo to slow down microbial movement
Option B:  Virtual Exploration
· “Life in a Drop of Water” full video at: http://streaming.discoveryeducation.com/ if you have a subscription or some clips free at: http://vimeo.com/222273, http://vimeo.com/246258 (http://vimeo.com/2721563, (unable to download to CD, use links to access videos)
· Computer classroom, have students explore “The smallest page on the web” http://www.microscopy-uk.org.uk/mag/wimsmall/smal3.html 
· To explore bacteria and/or fungi in the water samples, one of the following is required:
Option A: Bacteria culture activity
· Pond water
· Slide and cover slip
· Microscope
Option B: Jell-O Culture activity
· 1-2 3 oz boxes of flavored Jell-O or clear Gelatin
· Bowl
· Spoon
· Boiling water
· Measuring cup
· For each pair of students:  3 Petri dishes or clear containers with flat bottoms
· Hand lenses, optional
· Decomposing leaves from the leaf pack

Advance Preparation
Make copies of What lives in leaf packs? Let’s look closer  chart and the Life in a Drop of Water key (Appendix B, get a copy from your research contact).  Download Decomposers ppt presentation.  If you are using microscopes of any kind you will need to save water samples from Lesson 3; store samples with one or two leaves in each jar sample (one jar or two jars per leaf type) and prepare materials for students.  
Jell-O Culture activity:  Make Jell-O by combining one cup boiling water with the packet of Jell-O, then add a cup of cold water to the mixture.  Pour into the Petri dishes, filling them about half way.  Cover immediately.  Ideally, allow the Jell-O to set in a refrigerator.   


Lesson Procedure
1.  (
Learning Progression Look For
: Ask students: 
What happened to the leaves while they were in the stream?  How does a leaf go from being “perfect” when it falls from the tree to “disappearing”?  Students know about decomposers, but often d
on’t invoke them to explain how a leaf changes over time.  They also don’t understand where the mass of a leaf goes- i.e. that it is eaten by microbes.  Most students will simply say that the leaf ‘disappears’.  This is a connection to the carbon strand- remind students of 
principle of 
conservation of matter.  
)Start by asking students what type of organism was missing from the food web they constructed in Lesson 3.  Tell them today they will be taking a closer look at some other organisms that lived in their leaf packs.  
2. Give groups of students a sample of leaves; ask them to look closely at the leaves and make observations about them.  They may be several days old at this point, but it should still be hard for students to see anything ‘alive’ on the leaves (unless they didn’t remove all organisms carefully).  
3. Hand out the “What lives in leaf packs? Let’s look closer” chart for students to keep track of data.  
4. Exploring microscopic life- 
Option A:  Exploring microscopic life in person.  Using the video scope and/or individual microscopes, have students observe and identify different types of microorganisms found in their leaf packs (using the Life in a Drop of Water key).  Record the organisms the class observes by updating the classroom list.  Students will not be using these data in a quantitative way so there is no need to count organisms or be very precise in identification.  The goal here is for students to understand there is a huge diversity of life they cannot “see”.
	Having students create their own slides and investigate microscopic organisms using individual microscopes will 	increase the length of this lesson by at least 20 minutes.  
	WET MOUNT INSTRUCTIONS:  Scrape the surface of a few leaves into a small amount (25 ml or less) water.  	Observe both this water and water that collected in the bottom of the zip loc bags for microscopic organisms.  	Place a few drops of the water on a slide and put a cover slip on top.  If possible, include some decaying leaves 	or bits of plant matter, as they will prevent the small organisms from being squashed.  Look at the slide under 	your microscope starting at low power.  Look near the decaying leaves of the water plants, and try to find living 	organisms -- if the protists or small animals are moving they probably are alive.  
	After observing the organisms swimming around in the water, you may want to use Protoslo or a drop of alcohol 	to slow down the protists so that you can see them better.  Put one tiny drop of Protoslo on a clean slide.  Then, 	place a drop of pond water on top of the Protoslo and mix gently with a toothpick.  Place a cover slip over the 	solution.  Examine the slide under low power first to find moving objects.  Then, increase to medium and high 	power.  
	Option B:  Exploring microscopic life virtually.   If you don’t have a video scope you may consider showing a few 	minutes of the “Life in a Drop of Water” video or “The smallest page on the web” to give students an idea what 	lives in aquatic systems.  
5. If you have time you can discuss the feeding roles of the various organisms.  Small arthropods and other protists are mostly consumers (omnivores) that eat small arthropods, protists, bits of detritus, algae etc.; Protists with chloroplasts (euglena, algae) are producers.  If not, you can do this in Lesson 5.



6. Exploring bacteria and/or fungi in water –
Option A: Bacteria Culture Activity:   Place a cover slip on the surface of pond water. After one night whole colonies of bacteria will grow on the underside of the cover slip. Carefully place the cover slip on a slide (an extra drop of water may be added), and observe the growth with the 40x or 100x objective.   
Option B: Jello Culture Activity:  When the Jello is ready, have students add small bits of leaves to the top of the Jello.   Within 4-7 days they will see the fungal hyphae (and some bacteria colonies if they are lucky) growing out to eat the already digested simple sugars in Jell-O (plus the more complex proteins).  If you’d like to turn this into more of an “experiment”, you can have students culture different items to help them understand that microbes live in different densities on different items (rocks, penny, piece of paper etc).  Keep at least some of the Jello dishes empty to ensure a control.  
7.  (
Learning Progression Look For
: 
Ask students to make observations of their 
Jello
 dishes each day, writing down which Petri dishes had growth and which didn’t.  Ask students to explain why there was a lot of growth in the dishes that had the leaves from the stream.  Ask students to predict where microbes might live, besides the items that were tested in this activity.  Helping students understand the diversity of life is important, as well as helping them understand the connections between microbes and the broader food web.  
)After students are done observing with microscopes or watching the video tell them you are going to show them pictures taken with an even stronger microscope so they can see even smaller organisms that live on leaves in the water.  Show the Decomposer ppt presentation and discuss the role of these organisms in decomposing leaves.  There are notes in the notes section of the ppt to help guide discussion.  Update the organism list started in Lesson 1 with these microscopic organisms.  
The big take-home messages with respect to microorganisms are these:
1. Microorganisms are everywhere and they are present in numbers so large we can’t even comprehend them.
2.  (
Learning Progression Look For
: 
S
tudents typically do not recognize (1) the existence of microorganisms 
(both decomposers and other microscopic organisms) 
and (2) the role those organisms
, decomposers in particular,
 play in ecosystems
.  Students tend to think of organisms such as earthworms or small invertebrates as decomposers – this lesson helps clarify that idea to include the broader suite of microorganisms.  
When it comes to nutrients like nitrogen, it is sufficient to think of 
decomposers
 as “messy eaters.”
  This will help students understand how microbes affect the 
abiotic
 components of the ecosystem.  
)Bacteria and fungi are evolutionarily and morphologically different, but perform many of the same metabolic functions.  They are the true decomposers—they release nutrients and carbon back into the environment from dead organic material, so that other organisms can use those compounds again (e.g. plants).
Students can usually name “bacteria” and “fungi” as examples of microorganisms. It is important to stress that there are many more “good” or harmless bacteria than there are “bad” or pathogenic ones. You may also want to highlight the major differences between bacteria and fungi.  Bacteria are in their own domain of life, whereas fungi are in the same domain we are—Eukarya. Thus, humans are more closely related to fungi than they are to bacteria.  Bacteria are single-celled organisms, whereas fungi are multicellular. Bacteria do not have a nucleus in their cells, but fungi do. What they do have in common is that their genetic information is contained and transferred in DNA.  
The majority of true decomposition (i.e. the conversion of dead organic material back into inorganic components like CO2 and ammonium/nitrate) is performed by bacteria and fungi. The way in which bacteria and fungi accomplish this task is different from animal metabolism—we have our digestive enzymes inside us, whereas these microorganisms excrete their enzymes into the environment. Once the enzymes are out in the environment, they act on the detritus, releasing smaller, soluble organic molecules that these microorganisms can transport into their cells, where they (like us) use those compounds for energy (through cellular respiration) and to build biomass. Cellular respiration results in CO2 production, completing the carbon cycle and putting the C from detritus back into the atmosphere where plants can use it for photosynthesis.
In some cases, the compounds released by the enzymes don’t get back to the bacteria or fungi that made the enzymes, and instead can get taken up by other organisms, like plants or photosynthetic protists. However, plants and algae (generally, there are exceptions) can’t take up organic compounds from soil or water, so it is safe to say that most organic molecules are going to be processed by a bacterium or fungus sometime during decomposition. 
So, why do bacteria and fungi release nitrogen into the environment instead of having evolved a more efficient feeding mechanism that will not “waste it”? Microorganisms need carbon and nitrogen in particular ratios (typically about 20:1); if the compounds they are eating differ from that ratio, they can either release excess N (because they don’t have enough C to go with it; called mineralization) or compete with plants for N in the environment (because they don’t have enough N to go with their C; called immobilization). Some microorganisms can use nitrogen compounds instead of oxygen for cellular respiration (called denitrification), which converts the N back into a gaseous form that goes back into the atmosphere, completing the N cycle). 
This may be more complicated than you want for your students.  For most students, it is probably a good step forward that they understand that bacteria and fungi are responsible for decomposition and that these processes are chemical in nature and take place outside the cell. However, like all other broad groups of organisms, there are differences in “food preference” between bacteria and fungi.  Generally, bacteria prefer easier-to-degrade compounds like sugars whereas fungi are better at decomposing complex compounds like wood.  You may want to push your students to extend some of their conclusions about “different organisms have different biotic and abiotic requirements” to bacteria and fungi.  Students could learn that decomposer organisms, bacteria and fungi, have specific biotic (easy and difficult to digest organic matter) and abiotic requirements (different bacteria and fungi require difference amounts of dissolved oxygen).    
There are several challenges with teaching students about microorganisms and decomposition. (1) In their natural environment (in water, on leaf surfaces or in soil), microorganisms are not visible even with most school laboratory microscopes. Environmental scanning electron microscopes can take good, still pictures of microorganisms, but they still aren’t very dynamic. One exception is white rot fungi, which you can grow by keeping some straw or wood moist in a jar with some soil (and maybe a bit of nitrogen fertilizer). (2) For the most part, microbial ecologists study microorganisms indirectly (i.e. we never look at them)—we extract DNA, we measure their activity (e.g. CO2 or N2O production) or we measure their ability to metabolize a compound by measuring how much of the compound disappears over time. There are lots of interesting ways to look at microbial activity, but they all require understanding indirect measurements and what they mean (difficult for students). (3) It is practically impossible to generalize about microorganisms. There are microorganisms that can do just about every kind of metabolism, and not just in extreme foreign places like hydrothermal vents. ENERGY: In an aquatic ecosystem, there will be some organisms that get their energy from carbon compounds (like us), and others that get their energy from nitrogen compounds (nitrifying bacteria convert ammonium to nitrate to capture energy). MATTER: Some will get their carbon from organic compounds (like us) and others will get their carbon from CO2. As we mentioned earlier, there are many microorganisms that can use compounds other than oxygen as electron acceptors in respiration—some use nitrate whereas others can even use CO2 (methanogens). Thus, you can see that microorganisms are a huge (and interesting) topic all on their own.
Assessment Ideas:		
1. Exit ticket: Are all microscopic organisms in the same Kingdom? 
2. Exit ticket: Why do bacteria and fungi need food?  What do bacteria and fungi eat?  How do bacteria and fungi impact the abiotic environment as they get their food?  Why do you think those things impact your leaf pack community even though you didn’t see them?

Lesson 6:   What lives in leaf packs?  Let’s look closer
(student worksheet)
[image: ]By now, you will have found many invertebrates living in your leaves from your stream.  It’s time to look closer, and find out what else lives in and around the leaves that is alive!  
A cup of water can contain a million microorganisms!  The living things in a drop of water are an intricate part of the ecosystem, acting as producers, consumers, and decomposers, and sometimes these microscopic organisms can have more than one job.  Euglena, for example, which are a type of protozoa, have chloroplasts that allow them to photosynthesize.  If, however, you keep the organisms in the dark, they lose their chloroplasts and then begin to eat organic matter.    The amazing organisms that live in water are part of many forms of life- you can find animals, protists, fungi, and bacteria.  The difficult part is identifying what the organisms are, since you can’t use simple things like “color” to help you.  For example, some species of stentor (see picture above), which are protists, are filter feeders that look green.  They have cilia along the edge of the “trumpet” that allow them to sweep food particles inside them.  They host symbiotic algae provide them with food, while the algae converts stentor’s waste products into useful nutrients.  These algae are what make stentor look green.  Below  are common producers, consumers, and decomposers that you might find in your sample:  
[image: ][image: volvox2][image: ][image: ][image: ]Producers:  		
[image: ][image: ]Producers include organisms like the green algae volvox, desmids, and diatoms (left to right).  All have the ability to photosynthesize.  Some protozoa (like the euglena, fourth from left) are able to photosynthesize.  Many bacteria, such as anabaena (far right), are producers, and can also take nitrogen gas from the air and turn it into usable nitrogen for living things (this is called nitrogen fixation).  Bacteria that can photosynthesize are called cyanobacteria.  
Decomposers:  
Decomposers include fungi (left) and bacteria (right) that digest their food outside of their bodies.  So they don’t have mouths.  
[image: ][image: ][image: rotifer]Consumers:
Consumers include organisms like rotifers (left) and protozoa like the amoeba (middle) that eat taking in food into their mouths (or mouth-like structures).  Note that some protozoa contain chloroplasts and can thus photosynthesize.  Flagellated ciliates such as the paranema at right are scavengers and predators.  
Keep track of the microorganisms that you see on your slides.  Use the information above and the key to help you (from Life in a Drop of Water).
	What did you find?
	What major feeding group does it belong to?
Producer
Decomposer
Consumer
	Why do you think it belongs to that group?

	Ex:  Algae
	Producer
	Because it has chloroplasts and makes its own food

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Now add these microscopic organisms you found to your group food web poster for this project.
1. Which decomposers did you see:

2. How do bacteria and fungi get their food?


3. How do bacteria and fungi impact the abiotic environment as they get their food?

Lesson 6:   What lives in leaf packs?  Let’s look closer
(Teacher Answer Key)
1. Which decomposers did you see:
· Answers will vary
2. How do bacteria and fungi get their food?
· Bacteria and fungi get food by excreting enzymes that digest the food material outside of their body; the smaller molecule is then absorbed through their cell membrane.
3. How do bacteria and fungi impact the abiotic environment as they get their food?
· They are “messy” eaters and have no use for nutrient minerals (N2 has a low energy bond) so nitrogen molecules are left behind to mix in with the water.
· These nutrients like N, P and S are then absorbed by other organisms, thereby being recycled.
[bookmark: _Toc301927891][bookmark: _Toc273208848]
Lesson 7—optional: Energy/Trophic Pyramids

Instructional Goal
At the end of this lesson, SWKABAT: 
a. Explain how matter and energy are related to organisms’ need for food
b. Trace the pathways of matter and energy through an ecosystem

Materials
· Food webs from Lesson 2
· Energy pyramid worksheet

Advance Preparation
Copies of the student worksheet
Lesson Procedure
Note: A key idea about food chains that students often misunderstand is that both matter and energy are lost (as CO2/H2O and heat, respectively) as organisms higher up the chain consume those lower on the chain. This is due to the necessity of all organisms to undergo cell respiration to maintain themselves, resulting in less than 100% of their materials (and thus energy) being available to things that consume them. 

1. Have students review their food web.  Have them discuss with you some things that they notice about the number of organisms in the food web.  
1. Do they notice more organisms in certain areas of the web?  
2. Where are most of the animals located?  
3. Where are the least number of animals located?   
4. In what direction does the energy in the food web flow?  
5. Have each group estimate the % of energy they think is transferred from one organism to another in their web.  Have each group report out to the class.
6. Based upon their estimates, where does the rest of the energy go?  

2. Give students each an energy pyramid worksheet.

3. Discuss with the students the different levels of the energy pyramid.   As the students name organisms for each level, have them fill the name of the organism into their energy pyramid diagram.  Try to have them fill in as many as they can from their webs into all the levels.  It should be come fairly apparent that there are many less organism as you move up the pyramid.
1. What type of organism would go in the base section of the pyramid?         
· Producers – green plants
· Students may name algae, seaweed, phytoplankton, leaves from trees
2. What organism would go in the next section above the base?		
· Primary Consumers – First level - herbivore
· Students may name minnows, tadpoles, snails, small fish, insects
3. Next section usually carnivores									
· Secondary Consumers – Second level –carnivore or omnivore
· Students may name crayfish, larger insects, frogs, larger fish, 
4. Top section            					
· Tertiary Consumers – Third level –carnivore or omnivore
· Students may name raccoon, heron, snake

4. Have students critique the pyramid, and suggest places for the microbes to go.  Decomposers can be at any level of consumer (depending on what they eat).  Other microbes can be at any level (e.g., amoebas are consumers).

5. Discuss with the students the amount of ENERGY that is transferred “up” the pyramid.  
1. The most energy is available at the producer level of the pyramid.  As you move up the pyramid, each level has less energy available than the level below.  Generally, only about 10% of the energy at one level of a food web is transferred to the next higher level.  The other 90% of the energy is used in an organism’s life processes or is lost to the environment.
2. If we start at the lowest level with 1000 units of energy (have students write that on their pyramid), what would be the number of units of energy at the next level higher?  (100 units)  Next level?  (10 units)  Top level (1 unit of energy).  
3. It’s important that students see this connection with more energy at the bottom of the pyramid compared to at the top!

6. Ask the students: Why is only 10% of the energy available?  The following process tool activities will help them understand energy is lost from the food chain when chemical energy is transformed into heat energy.

7. Look at the simplified food chain. Pose the question, “Think of a simple food chain, like a caterpillar eating a spicebush leaf, and a bird eating the caterpillar. What do you think happens to the matter and energy when things eat each other? (Matter either becomes part of the consumer’s body as it grows, or it is used by the cells and given off as gases. Energy is passed along as chemical energy in molecules, with some always being metabolized and converted to heat and mechanical energy). Remind students of what they know about how animals grow and move. How do they use their food to help them grow and move? 

Note: The spicebush food chain collapses both matter and energy transformations into one arrow for the sake of starting the discussion. It is more accurate, though, to trace these transformations separately, as the rest of the activity does. Indeed, it may be useful to ask students, since they have used the process tool quite frequently by now, what simplification this diagram makes.

Process Tool for Food Chains
8. Read the directions to the students on the worksheet. As a class, complete the first process tool together. This process tool is about plants growing. Students should know something about plant growth, although they may need scaffolding to figure out how they change matter and energy. Plants convert light energy to chemical energy. They convert carbon dioxide and water into sugar and oxygen. 

9. Then use the process tool to build simple food chains to show changes in matter and energy when a caterpillar eats the shrub. Consider doing this process tool together. Remind students that all organisms (even plants and decomposers) use some of the food they make or eat, and give off gases as waste. But some of the food is either stored and/or used to grow. This is the part of the materials and energy that are made available to the next organisms in the food chain.

10. Have students complete the last step where the thrush eats the caterpillar on their own. Then use the process tool to discuss what kids put on their diagrams.

11. Again point out that only some of the original chemical energy in the shrub that was eaten by the caterpillar was made available to the thrush because the caterpillar already used some of the food. During that cell respiration, much of the energy was released as heat.

Combined Food Chain diagram
12. At the end of the lesson, have students complete the “combined” food chain diagram (either on their own or as a class). Use this diagram to point out the patterns in the way matter and energy change. The only matter that stays in a food chain is the matter used for growth. Every organism gives off CO2 and water through movement or cell respiration, making those materials unavailable to the animals at the next step up. Likewise, the amount of chemical energy moving up through a food chain is constantly diminished, because every organism converts chemical energy into motion and heat energy. This is why we have energy pyramids with diminishing energy available at higher levels, and also why food chains are limited in the number of links (more about this in Activity 3). Use this tool to show that matter cycles, but energy flows, because heat cannot be used by any organism for its own metabolic purposes.

Name________________________________________					Date _____________

Lesson 7: Energy Pyramids
 (Student worksheet) [image: ]











The food chain shows that a caterpillar consumes spicebush, and a bird eats the caterpillar. What do the arrows tell us about the matter and energy that moves between the organisms?
[image: ]


Practice: First, think about the plant. How does the plant transform matter and energy? Use the process tool to show how the plant makes its food.




 (
Spicebush
 Growing
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The spicebush will use some of the food it makes to keep its cells functioning, and when it uses this food, it gives off gases into the air. But a lot of the materials in plants may stay stored in their body structures, like blades of grass, or branches on trees. This stored material is what becomes food for the caterpillar in the food chain. On the next page, show how matter and energy change when the caterpillar eats the plant.






Remember there are two things that can happen to food when the caterpillar eats it. The food can be used for growth or it can be used for movement.

[image: ]


The food the caterpillar eats and uses to move will become part of the air in the atmosphere, so the bird is not able to have those materials. When the bird eats the caterpillar, it only gets the materials the caterpillar stored in its body to grow. On this page, use the process tool to show what happens to matter and energy when the bird eats the caterpillar.

Remember there are two things that can happen to food when the bird eats it. The food can be used for growth or the food can be used for movement.

[image: ]
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Lesson 7: Energy Pyramid
(Teacher Answer Key)  - note here that “movement” is another way of saying respiration, which is appropriate for high school students but may confound middle school students.  

[image: ]
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[bookmark: _Toc301927892]Lesson 8—optional: What size is it?

Instructional Goal
At the end of this lesson, SWKABAT:
a. Describe the relative size and composition of matter and organisms found in a stream environment 
b. Describe the relative size and composition of matter and organisms (made of atoms/molecules and/or a single cell and/or multiple cells) found in a stream environment
c. Group organisms in multiple ways using multiple traits (function, feeding group, morphology, evolutionary relatedness)

Materials
Organism, inorganic, and organic cards, all (1 set per pair of students), and magnets
Small Powers of Ten poster (1 per pair of students)
Copies of What size is it? Worksheet
Computer or overhead projector to display Powers of Ten poster pdf

Advance Preparation
Prepare overhead or download pdf of the Powers of Ten poster.  Partial key: water molecule 10-9, dissolved inorganic matter like nitrogen, phosphorus and dissolved oxygen 10-9, algae 10-5 to 10-4, fish 100, oak trees 101…

Lesson Procedure
1. Begin the lesson by orientating students to the Powers of Ten poster by sorting familiar objects—pencil, eraser, dog, car etc.
2. Pass out the What size is it? Worksheet and have students use it to determine the size of all the organisms they have identified in their leaf packs plus the extra things (larger organisms, organic and inorganic matter) using the organism and other cards.  List the cards you want them to sort on the board.
3. After they determine the size of the items they should fill out the rest of the chart: is the thing living or non-living, what is their reasoning (e.g. Can it reproduce? Can it find or make its own food?), is the item made of atoms and/or molecules and/or a single cell and/or multiple cells?
4. When students are done with the chart, use the projected poster and magnets to have a couple of students demonstrate how they classified their cards.  Have the students discuss any differences in their classification methods.  Be sure to draw students’ attention to how small bacteria and fungi are and review the consequences that being small has on how they eat (i.e. external digestion, which leads to them leaving mineral nutrients in water—or soil).
5. If students understand elements, and you want to tell them where you can find certain elements inside living single and multi-celled organisms, the following is a good start:
· Nitrogen atoms are commonly found in proteins and DNA.  
· Phosphorus is found in DNA.
·  Oxygen is necessary inside all living organisms to get energy from food through the process of cellular respiration and is part of the chemical formula of carbohydrates, proteins, fats and DNA.
· Carbon is part of the chemical formula of carbohydrates, proteins, fats and DNA. 
· Hydrogen is part of the chemical formula of carbohydrates, proteins, fats, and DNA.

Lesson 8:  What size is it?
(student worksheet)
Using your Macroinvertebrate Data Collection worksheet copy the names of some of the organisms you identified in your leaf pack.  Using the Powers of Ten chart and the Organism Cards, decide what size each of these organisms are.  Then record the size in the chart below and decide if each item is living or non-living, and what each thing is made of.
	Name of item
	
	Size
	
	Is it living or 
non-living?
	
	What is it made of?
atoms and/or
molecules and/or
a single cell and/or
multiple cells

	Microorganisms
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	Macroinvertebrates
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	Other organisms
	
	
	
	
	
	

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	Matter in water
	
	
	
	
	
	

	Organic matter 
Nitrate molecules
	
	
	
	
	
	

	Phosphorus molecules
	
	
	
	
	

	Oxygen molecules
	
	
	
	
	
	

	Water molecules
	
	
	
	
	
	



1. What is a mature oak tree made of?  Start with the visual parts of the tree that you can see and finish with the smallest particles you can trace. 


2. Is there carbon in an Oak tree? nitrogen? oxygen? phosphorus, sulfur or hydrogen? How do we know?







Lesson 8:  What size is it?
(Teacher Answer Key)
Using your Macroinvertebrate Data Collection worksheet copy the names of some of the organisms you identified in your leaf pack.  Using the Powers of Ten chart and the Organism Cards, decide what size each of these organisms are.  Then record the size in the chart below and decide if each item is living or non-living, and what each thing is made of.
	Name of item
	
	Size
	Is it living or non-living?
	What is it made of?
atoms and/or
molecules and/or
a single cell and/or
multiple cells

	Microorganisms
	
	
	
	

	1 Bacteria
	
	10-4
	Living
	Atoms>molecules>single cell

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	Macroinvertebrates
	
	
	
	

	1 Mayfly
	
	10-2
	Living
	Atoms>molecules>single cell>multiple cells

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	Other organisms
	
	
	
	

	1 Trout
	
	10-1 to
 1
	Living
	Atoms>molecules>single cell>multiple cells

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	Matter in water
	
	
	
	

	Organic matter 
Nitrate molecules
	
	10-9
	Non-living
	Atoms>molecules

	Phosphorus molecules
	
	
	

	Oxygen molecules
	
	
	
	

	Water molecules
	
	10-9
	Non-living
	Atoms>molecules


1. What is a mature oak tree made of?  Start with the visual parts of the tree that you can see and finish with the smallest particles you can trace. 
· Visual parts: Leaves, branches, trunk.
· All parts are made of plant cells.
· Plant cells are made of organelles like cell membrane, nucleus and chloroplasts.
· Each of these organelles is made of molecules.
· Molecules are made of atoms bonded to one another. Refer to Lesson 2 of chart.

2. Is there carbon in an Oak tree? nitrogen? oxygen? phosphorus, sulfur or hydrogen? How do we know?
· Yes, there is carbon, nitrogen, oxygen, etc. in an Oak tree.  We know this because when decomposers break down the cells of a plant they release CO2 and water vapor back into the air and the other particles (N, P, and S) are recycled back into the water (stream) or soil (forest).
· Refer back to Lesson 2 chart at the “What are Leaves made of” discussion.


[bookmark: _Toc301927893]Lesson 9—optional: How are organisms classified?

Instructional Goal
At the end of this lesson, SWKABAT: 
a. Classify organisms into nested, broad groups (e.g. Kingdom, phylum) based on similarities and differences in morphology
b. Place organisms in a biological classification based on morphological characteristics
c. State the traits of an organism if told where the organism fits in the biological classification at the kingdom and phylum (for animals) level
d. Explain related groups have some related traits (i.e. all animals groups have common traits)
e. Know that group relatedness is based on evidence of evolutionary common ancestry (optional)

Materials
· Copies of Kingdom Characteristics hand-out
· Copies of Prokaryote v. Eukaryote cells cloze activity
· Copies of How are organisms related? worksheet
· Computer or overhead projector to display the Biological Classification ppt
Advance Preparation
Prepare overhead or download ppt.
Lesson Procedure
1. Introduce students to the scientific biological classification: Kingdom, Phylum etc. and what it means to be related. Include domain if that is in your standards.  Use whatever student activities you like best; if you don’t ordinarily teach this concept see the Biological Classification power point for an example presentation and notes.  

2. We have also provided several worksheets you may choose to use (in whole or in part) to introduce the differences among Kingdoms.  The Core activities we hope all teachers will use in Lesson 10: How are organisms related? Worksheet

TEACHER NOTE: Students will probably not be familiar with Archaea so you will probably have to introduce them if you want to include them in your teaching.  You can edit the worksheet and materials to remove Archaea if you’d prefer.  If you include Archaea, it might be helpful to explain to students that although Archaea and Bacteria look similar on the outside, they are very different with respect to their genes, what they eat, and other characteristics.  Talking about how Archaea are often found in extreme environments (e.g. high salinity, low pH) is a good introduction.  

3. Prokaryote v. Eukaryote worksheet notes: Generally, for a cloze activity, the teacher reads the info and the students fill it in as they go OR the teacher can ask for students to fill in what they know and then supply the answers for what they don't know.  Debi Kilmartin usually projects the blank cloze worksheet on my projection screen and have the kids help me fill it in.  It's a good practice for them in terms of context.  This one is much easier than others as it's partially in table form while most cloze activities are long paragraphs.


Lesson 9: Prokaryotic and Eukaryotic Cells Cloze Activity
(Student Page)
[bookmark: _GoBack]All cellular life has the following characteristics in common. 
1. All cells have a _______________________
1. All cellular life ______________. All cells contain different types of _______________.
1. All cells are composed of the same basic _____________: carbohydrates, proteins, nucleic acids, minerals, fats and vitamins.
1. All cells regulate the flow of nutrients and wastes that enter and leave the cell. 
1. All cells reproduce. 
1. All cells need a supply of energy.  
Two types of cells have evolved. These are called PROKARYOTIC and EUKARYOTIC cells.
A Comparison
	
	
	

	Characteristic
	Prokaryotes
	Eukaryotes

	Organisms
	

	

	Cell size
	

	

	Metabolism
	Anaerobic or aerobic

	

	Organelles
	

	

	Cell support
	
	Some have cell wall, some a cell membrane/envelope

	DNA
	[bookmark: alcamo3750c03-sec2-0003]DNA floats freely as a closed loop
	

	RNA and protein
	

	Have RNA and ribosomes

	Cell division
	Binary fission

	

	Cellular organization
	

	


mm = micrometers (0.000001 meters)


Lesson 9: Prokaryotic and Eukaryotic Cells Cloze Activity 
(Teacher answer key)
All cellular life has the following characteristics in common. 
· All cells have a cell membrane.
· All cellular life contains DNA. All cells contain different types of RNA and proteins.
· All cells are composed of the same basic chemicals: carbohydrates, proteins, nucleic acids, minerals, fats/lipids and vitamins.
· All cells regulate the flow of nutrients and wastes that enter and leave the cell. 
· All cells reproduce.
· All cells need a supply of energy.
Two types of cells have evolved. These are called PROKARYOTIC and EUKARYOTIC cells.
A Comparison

	Characteristic
	Prokaryotes
	Eukaryotes

	Organisms
	Bacteria, cyanobacteria
	Protists, fungi, plants, animals

	Cell size
	Very small! 
0.5-2 µm
	10 times larger than prokaryotes;   2-100mm

	Metabolism
	Anaerobic or aerobic
	Anaerobic or aerobic

	Organelles
	None
	Membrane-bound organelles 

	Cell support
	Thick, rigid cell wall
	Some have cell wall, some a cell membrane/envelope

	DNA
	DNA floats freely as a closed loop
	Organized into chromatin and chromosomes in nucleus

	RNA and protein
	Have RNA and ribosomes
	Have RNA and ribosomes

	Cell division
	Binary fission
	Mitosis

	Cellular organization
	Unicellular
	Unicellular or multicellular; many differentiated cells


µm = micrometers (0.000001 meters)

Name ________________________________							Date ____________
Lesson 9:   How are organisms classified?
(student worksheet)

1. In what ways are kingdoms similar?  In what ways are they different?  Fill out the chart below.  For the middle columns, circle the correct answer.  
	Kingdom
	Similarities for All Kingdoms
	Differences in number of cells
	Differences in getting food
	Differences in having a nucleus
	Differences Between Kingdoms

	Archaea


	




	Single celled
Multi-cellular
	Consumers
Decomposers
Producers
	Prokaryote
Eukaryote
	

	Bacteria


	
	Single celled
Multi-cellular
	Consumers
Decomposers
Producers
	Prokaryote
Eukaryote
	

	Protists


	
	Single celled
Multi-cellular
	Consumers
Decomposers
Producers
	Prokaryote
Eukaryote
	

	Plants


	
	Single celled
Multi-cellular
	Consumers
Decomposers
Producers
	Prokaryote
Eukaryote
	

	Fungi


	
	Single celled
Multi-cellular
	Consumers
Decomposers
Producers
	Prokaryote
Eukaryote
	

	Animals


	
	Single celled
Multi-cellular
	Consumers Decomposers Producers
	Prokaryote
Eukaryote
	



2. How many different Kingdoms of organisms are interacting in our stream?

3. Were all microscopic organisms found in the same Kingdom?

4. Which kingdoms have organisms that you would need a microscope to see?



Lesson 9 continued:  Classification Worksheet 
(either class discussion or paper activity)
1. Why do we classify (put in groups) living things?  







2. What characteristics could you use to classify things? 







3. What characteristics are used to classify organisms into their Kingdoms?






[bookmark: _Toc295240545]4 .   Why are there many different kinds of living things?

Lesson 9:   How are organisms related?
(Teacher Answer Key)
1. In what ways are kingdoms similar?  In what ways are they different?  Fill out the chart below.  For the middle columns, circle the correct answer.  
	Kingdom
	Similarities for All Kingdoms
	Differences in number of cells
	Differences in getting food
	Differences in having a nucleus
	Differences Between Kingdoms

	Archaea


	
All have cells, DNA, reproduce, need food, space to live, all are living,  can respond to their environment, ability to adapt; all the organisms viewed in this unit are related to stream habitats



	Single celled
Multi-cellular
	Consumers
Decomposers
Producers
	Prokaryote
Eukaryote
	May or may not move on its own

	Bacteria


	
	Single celled
Multi-cellular
	Consumers Decomposers 
Producers
	Prokaryote
Eukaryote
	May or may not move on its own

	Protists


	
	Single celled
Multi-cellular
	Consumers
Decomposers 
Producers
	Prokaryote
Eukaryote
	May or may not move on its own; very diverse group

	Plants


	
	Single celled
Multi-cellular
	Consumers Decomposers 
Producers
	Prokaryote
Eukaryote
	Cannot move on own; most green due to chlorophyll; make own food;  great diversity; a few are consumers

	Fungi


	
	Single celled
Multi-cellular
	Consumers
Decomposers Producers
	Prokaryote
Eukaryote
	Cannot move on own;  no chlorophyll; many different “body” forms; 

	Animals


	
	Single celled
Multi-cellular
	Consumers Decomposers Producers
	Prokaryote
Eukaryote
	Move on own; have very specialized cells; great diversity



2. How many different Kingdoms of organisms are interacting in our stream?
Probably all 6 Kingdoms live or impact the stream environment; difficult to see Bacteria and Archaea.
3. Wereall microscopic organisms found in the same Kingdom?
No.  However, it will be difficult to see bacteria and Archae (depending upon level of microscopes available)
4. Which kingdoms have organisms that you would need a microscope to see?
Archae, Bacteria, Protists, Fungi; possibly plants and animals

Lesson 9 continued:  Classification Worksheet
(Teacher Answer Key)

1. Why do we classify (put in groups) living things?  
· Scientists classify living things in order to aid in studying the living world, including ecology and evolution. 
· It makes it easier to study their properties (organisms with similar properties are grouped together). By knowing what group an organism belongs to, we automatically know some characteristics about that organism (e.g. if it is a dragonfly larvae, then it is a predator).  
· The finer scale of classification (e.g., Kingdom v. Order) the more we know about the particular characteristics of an organism.  
2. What characteristics could you use to classify things? 
· The most useful type of characteristic to classify an organism is something that doesn’t change over time, with different conditions, or different life stages.  The most commonly used type of characteristic in history has been morphology – the way things look, especially traits that don’t change.
· A better characteristic is DNA, because similar DNA sequences reflect a common and recent evolutionary ancestor and DNA sequence doesn’t change with time or environmental conditions.  
· Students might also talk about the other ways to classify organisms including how they interact with other organisms (e.g. position in a food web) and behavioral characteristics.
3 .What characteristics are used to classify organisms into their Kingdoms?
· Answers like body plans, number of cells, cells types, or what it eats are what we are looking for here.
4. Why are there many different kinds of living things?
· This is a good place to bring in functional redundancy and the importance of biodiversity so that one extinction does not necessarily crash the entire system. 
· Having several types of organisms in each feeding group also ensures resilience to disturbance in the community. In other words if one type of scraper goes extinct there may be other types of scrapers that continue the work of scraping.

Kingdom Characteristics
	Kingdom
	Organism(s)
	Type of Locomotion
	Number of Cells
	Energy Source
	Cell Type

	Animalia
	
	Can move on its own.
	Multicellular
	Consumer
	Eukaryotic

	
	Sponges
	            [image: MC900438139[1]][image: MC900057341[1]][image: MC900434569[1]][image: MC900250737[1]]        [image: MC900434457[1]]

	
	Flatworms (Tapeworm)
	

	
	Roundworm (Hookworm)
	

	
	Segmented Worm (Earthworm)
	

	
	Jelly Fish
	

	
	Clams/Squid
	

	
	Insects
	

	
	Crabs
	

	
	Starfish
	

	
	Fish
	

	
	Birds
	

	
	Lions/Tigers/Bears
	

	Plantae
	
	Cannot move on its own.
	Multicellular
	Producer
	Eukaryotic

	
	Moss
	[image: MC900437459[1]][image: MC900437673[1]][image: MC900027443[1]]

	
	Ferns
	

	
	Flowering Plants
	

	
	Bushes
	

	
	Trees
	

	Protista
	
	Can move on its own.
	Unicellular
	Producer/Consumer
	Eukaryotic

	
	Amoeba
	[image: ]

	
	Paramecium
	

	Fungi
	
	Cannot move on its own.
	Multicellular
	Consumer(absorption)
	Eukaryotes

	
	Mushrooms
	[image: MC900331364[1]]

	
	Molds/Mildews
	

	
	Yeast
	

	Archaea
	
	May/may not move on its own.
	Unicellular
	Producer
	Prokaryotes

	
	Methanogen
	Chemosynthetic (needs no light to produce food)

	Eubacteria
	
	May/may not move on its own.
	Unicellular
	Producer/Consumer
	Prokaryotes

	
	Bacteria
	

	
	Cyanobacteria (blue-green algae)
	Photosynthetic (needs light to produce food)



[bookmark: _Toc301927894]Lesson 10—core: How are organisms related?

Instructional Goal
At the end of this lesson, SWKABAT: 
d. Classify organisms into nested, broad groups (e.g. Kingdom, phylum) based on similarities and differences in morphology
e. Place organisms in a biological classification based on morphological characteristics
f. State the traits of an organism if told where the organism fits in the biological classification at the kingdom and phylum (for animals) level
g. Explain related groups have some related traits (i.e. all animals groups have common traits)
h. Know that group relatedness is based on evidence of evolutionary common ancestry (optional)
i. Explain the importance of diversity within a similar group of organisms 
j. List abiotic factors relevant to stream ecosystem
k. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements)

Materials
· Student organism cards (macro and micro, numbers 1-28), 1 set per pair or group of students, and Teacher organism magnets (or post it notes), you can also use the abiotic cards if you want the students to be able to tell the difference between living and non-living things
· Classification poster (1 per pair or group of students), this is made by taping the two 11” x 17” pieces of paper together
· Copies of How are organisms related? worksheet
· Class list of organisms found in the stream
· Computer or overhead projector to display the Biological Classification ppt, and mayfly video http://www.youtube.com/watch?v=4UjlT7fqJ1s
Advance Preparation
Prepare overhead or download ppt and video.  Cut out organism cards that you are adding (most should be ready from Lesson 3) and tape the two halves of the posters together.
Lesson Procedure
1. Start the lesson with a formative pre-assessment.  Put the Web of Life poster up in the front of the classroom.  Give each group of students 1-3 organism magnets or post-it notes until all living things are taken.  Students need to discuss where their card belongs on the Web of Life poster and be able to back up their answer.  One at time have student representatives place their cards on the poster and class decides if placement is correct or not.  Can they name physical traits used for placement?
2.  (
Learning Progression Look 
Fors
:
 Lower level students recognize that groups of related organisms share familiar external morphological traits.  Help students understand that groups at all levels (e.g. Kingdoms, Order) share external and internal morphological traits and behavioral traits.
)Use the results of the formative assessment to determine how much you need to teach of points 3-5 before students do the worksheet.  
3. Project the Biological Classification ppt.  Using mammals (mouse and rat, ape and chimpanzee), show students how you can classify by Domain, Kingdom, Phylum, Class.  Domain Eukarya>Kingdom Animalia>Phylum Chordata>Class Mammalia.  Demonstrate that mammals can be subdivided even further (Order Rodentia and Order Primates).
4. Talk with students about how groups at every level of classification have common traits: Eukaryotes have nuclei, Animals eat food and have nerves and muscles (mostly), Chordates have notochord than becomes backbone, Mammals all have hair and nurse their young.  For each rodents and primates you can talk about similar body plans and feeding habits.
5. Now do the same for examples from the leaf pack (mayflies and crane flies).  Domain Eukarya>Kingdom Animalia>Phylum Arthropoda> Class Insecta ).  Talk with students about how groups at every level of classification have common traits.  Eukaryotes have nuclei, Animals eat food and have nerves and muscles (mostly), Arthropods have exoskeleton and jointed legs, Insects all have 6 legs and many have wings.

6. Hand out How are organisms related? worksheet.  Orient students to the classification poster by having them name example members of each kingdom: Animalia, Plantae, Fungi, Protista, Archaea, Bacteria. Explain that groups are arranged on the web in terms of their relatedness, and that the branching pattern shows evolutionary relatedness.  The animals phylogeny of the Classification poster was constructed using molecular evidence.  Another competing animal phylogeny is constructed using only morphological traits.  Now repeat classification of mammal and leaf pack organism examples using the classification poster.  To save time you can use the Classification poster instead of the ppt for steps 3-5.
[image: tree_Feb15_150dpi.jpg]TEACHER NOTE: Students will probably not be familiar with Archaea so you will probably have to introduce them if you want to include them in your teaching.  You can edit the worksheet and materials to remove Archaea if you’d prefer.  If you include Archaea, it might be helpful to explain to students that although Archaea and Bacteria look similar on the outside, they are very different with respect to their genes, what they eat, and other characteristics.  Talking about how Archaea are often found in extreme environments (e.g. high salinity, low pH) is a good introduction.  
TEACHER’S NOTE: The phylogeny depicted on the classification poster is drawn to make it an effective teaching tool while students are sorting organisms that are mostly animals.  However, a phylogeny that represents the known diversity of life would be much different with animals taking up a small space and bacteria the greatest amount of space.  The figure here is from adapted from a 2006 article in Science (go to http://www.bork.embl.de/tree_of_life/ for an interactive version).  Blue represents the Domain Bacteria, green Domain Archaea, and Red Domain Eukaryota, which includes plants, animals, fungi, and protists.  We do not necessarily suggest you share this phylogeny with students but include it to represent a truer diversity of life. 
7.  (
Learning Progression Look 
Fors
:
 
Lower level students understand that organisms can be “adapted” to fit their environment but they cannot often be specific about what in the environment is affecting the organism OR what trait of the organism allows or doesn’t allow it to survive in a given environment.  With the mayfly diversity example, help students connect the traits of individual types of mayflies with their 
abiotic
 environment. 
)As a class, review all of the organisms students found in their packs by looking at the classroom list (both macro and micro organisms).  Challenge students to add parts of the broader community that they didn’t sample, but think are in the stream, to the class list.  
8. Students now classify organisms similar to those on their list using the organism cards.  There are cards for a sampling of microorganisms and other macroscopic life.   Students should use the pictures on the cards, their observations from Lesson 2 and information on the poster to classify (place in the appropriate spot on the poster) the organisms on the classification poster. 
9. Students should then fill out the table and answer questions 1-4 on the worksheet.  Review their answers with them, and emphasize using traits associated with groups.
10. Show students this video on mayfly diversity (first part is sufficient) http://www.youtube.com/watch?v=4UjlT7fqJ1s and answer question 10. The video is a good introduction to how there is still diversity among even closely related species.  Discuss with students why they think there can be so many different kinds of mayflies.  They should bring up diversity of abiotic factors (e.g. speed of stream, type of habitat) and biotic factors (e.g. way to get food). 
11. Students should then answer questions 5-7.
12. You may want to use the projected poster and magnets (or post-it notes) to have a couple of students demonstrate how they classified their organism. 
Assessment Ideas:		
1. Questions 2-4 on the worksheet are good assessments of the students learning about groups and relatedness and can be used as exit tickets or bell ringers.
2. Parts of the table are also appropriate for exit tickets or bell ringers.

Lesson 10: How are organisms related?
(student worksheet)
Use the Classification Poster to classify the organisms on the cards provided to you by your teacher.  The cards have organisms that are commonly found in streams.  Put each card in the appropriate place on the poster.  Use the traits of the organisms drawn or written on the cards to help you sort correctly.  Fill in the chart below:

	Kingdom
	Phylum
	Name of Organisms

	Archaea
	
	

	Bacteria
	
	

	Protists
	
	

	Plants
	
	

	Fungi
	
	

	Animals


	Arthropods
	



	
	Annelids
	

	
	Nematodes
	

	
	Platyhelminthes
	

	
	Molluscs
	

	
	Chordates
	


1. What abiotic (non-living) cards are left in your card pile?


2. Name three ways the animals in the Phylum Arthropoda are the same (e.g., number of body parts)?



3. Name two ways the animals in the Phylum Arthropoda are different from each other?


4. In what ways are the animals in the mayfly order (Order Ephemereptera) the same (e.g., body parts)


5. Watch the video about mayflies.  In what ways are the animals in the mayfly order different?
6. Why do you think there is more than one kind of mayfly in streams?



7. a. Name several organisms that you know live in the stream but were not found in our leaf packs.


b. What factors kept these organisms from entering the leaf packs?



              c. How do these organisms that were not in the leaf packs impact the stream  
                  community?

Lesson 10:  Classification of Macro Invertebrates
(Teacher Answer Key)
Use the Web of Life classification poster and all Macro Invertebrate cards (oak tree, trout etc.) and put all living organisms into correct kingdoms.  The some cards are organisms that were found in the stream, others are not.  Put each card near the appropriate place on the Web of Life poster.  Use the traits of the organism to help you sort correctly.  Fill in the chart below.

	Kingdom
	Phylum
	Name of Organisms

	Archaea
	
	

	Bacteria
	
	Pseudomonas, Anabaena

	Protists
	
	Paramecium,  Amoeba,  Diatoms , Green algae (Algae are classified as protists but some people include anything with green chloroplasts in the plant kingdom)  

	Plants
	
	White Pine Tree, Oak Tree, Oak Leaf, 

	Fungi
	
	Hyaline Mitosporic Fungi, 

	Animals


	Arthropods
	Stoneflies, Dragonflies & Damselflies, Mayflies, Water Beetles, True Flies, Craneflies, Dobsonflies & Alderflies, Caddisflies, Scuds, Sowbugs, Crayfish, 



	
	Annelids
	Leeches, Earthworms, 

	
	Nematodes
	

	
	Platyhelminthes
	Planaria, 

	
	Mollusks
	Snails, Clams & Mussels, 

	
	Chordates
	Salamander, Trout



1. What abiotic (non-living) cards are left in your card pile?
Water molecule, Nitrate, Oxygen, Phosphate

2. Name three ways the animals in the Phylum Arthropoda are the same (how they feed, number of body parts)?Possible answers:  Same Kingdom, invertebrates,  consumers, all have jointed appendages , similar body plans, exoskeletons, all reproduce sexually, 

3. Name two ways the animals in the Phylum Arthropoda are different from each other?  
Possible answers:  different number of legs, different number of body segments, different appendages (claws), different feeding groups, different mouth parts, 
4. In what ways are the animals in the Mayfly order (Phylum Arthropoda, Order Ephemereptera) the same (size, metamorphosis, feed, body parts)?
Possible answers:  Same Kingdom, same phylum, consumers, have similar body structure : exoskeleton, similar appendages, tails, 6 legs; some in same feeding group
5. Watch the video about Mayflies.  In what ways are the animals in the Mayfly order different?
Body structures aren’t the same:  gills are different sizes, different body shape, different body color, different body size; some in different feeding groups; different habitat: fast current vs slow current

6. Why do you think there is more than one kind of Mayfly in streams?
Even though there are many kinds of Mayflies, each type fulfills a different role (niche) in the ecosystem, living in a different part of the stream and sometimes eating different things.

7. a. Name several organisms that you know live in the stream but were not found in our leaf packs.
Various answers

b. What factors kept these organisms from entering the leaf packs?
· Couldn’t get into the leaf pack (too big)
· Too small to stay in the leaf pack (simply “floated through”); 
· Needed different abiotic conditions/resources; 
· Not enough food available in the leaf packs, predators in the leaf packs, seasonal differences (wrong time of year for some organisms as they are hibernating, etc.); 

              c. How do these organisms that were not in the leaf packs impact the stream community?                                                                             
· Decomposers help break down to make nutrients available; 
· Trees on edge of stream make stream 
· Shady vs sunny;
· Large predators eat organisms in or out of leaf packs; producers (not usually found in
· leaf packs) are the basis of the food webs; competitors could deplete resources; 
[bookmark: _Toc301927895]
Lesson 11—core: Disturbance and Dispersal 

Instructional Goal
At the end of this lesson, SWKABAT
h. List abiotic factors relevant to stream ecosystem
i. Explain how an organism’s traits (i.e. dissolved oxygen needs) influences how it interacts with specific parts of the abiotic environment
j. Group stream organisms in multiple ways using multiple traits: dispersal potential, dissolved oxygen needs, size 
k. Explain how traits of various stream organisms affect their ability to disperse from one habitat to another
l. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements)

Materials
Student cards, all (1 set per pair of students), and Teacher cards made as magnets (or post-it notes)
Copies of Disturbance and Dispersal Worksheet
Copies of Biotic/Abiotic Interaction tool

Advance Preparation
Print copies of the Disturbance and Dispersal Worksheet

Lesson Procedure
1. This lesson may take more than one class period, depending on how familiar your students are with abiotic factors.
2.  (
Learning Progression Look For: Mid-level students will see that there is functional redundancy among organisms but may oversimplify the idea because they only look at one function of an organism.  For example, species X may be a scraper, may be a food source for species Y, and may tolerate really low dissolved oxygen.  If the students only focus on the scraping function of species X, they may misunderstand or oversimplify the consequences of losing species X from the system.
)Pass out Disturbance and Dispersal Worksheet. Tell the students that they already grouped organisms based on their feeding type and grouped them based on their relatedness.  Now tell them that there are still other ways to group organisms based on their similarities and they are going to practice grouping organisms in some of those other ways. Students should work independently or in groups on questions 1-3 of the worksheet.  Discuss the students’ answers.
3. Now remind students about how different organisms also have different abiotic resource and condition needs.  In this case we will focus on requirements for dissolved oxygen.  Review dissolved oxygen; you may want to use the lesson in the Appendix suggested during lesson 1.  What does it mean to need less oxygen—traits that allow organism to live when there are less oxygen molecules in the water; the organism’s cells don’t use as much oxygen.  
4. Students should use the Stream Biology Briefs reading individually, in groups, or as a class to find the dissolved oxygen needs for each type of organism and fill out the table for question 4.    
5. Ask students: Do all organisms in a feeding group have the same dissolved oxygen needs?  If not, what implications does this have for functional redundancy? 
6. Update the class list of organisms: add a dissolved oxygen needs column.
7. Now work with students to use the Biotic/Abiotic Interactions Reasoning Tool to predict what will happen to the stream ecosystem with disturbance.  
a. Read through and discuss the food web in the middle of the tool to make sure students recognize the stream food web.   This tool will work well with any food web.
b. Discuss community characteristics/health of environment/the biodiversity/how robust is the food web and fill in the left side of the tool (describe the starting biotic and abiotic environment).  
i. Is there a high abundance of organisms? 
ii. Are there many different types of organisms? (A Great Lakes food web doesn’t have many different types of organisms.) 
iii. What is the non-living environment like? 
1. Help students think of the solid materials found in the stream (both living and non-living), the liquids and gases and place them correctly under the abioitic or biotic category. 
2. Help them think at the atomic molecular level (nitrogen, phosphorus and sulfur molecules) if they haven’t included these things already.
c. Fill in the “Describe the change to the environment and its impacts” box in the middle.  Example:  A power plant is built along a stream and is releasing much warmer water into the stream than before.  Warm water holds less oxygen.
d. Hypothesize with students the resulting direct consequences that warmer water will hold for the stream’s abiotic and biotic characteristics.  Fill in the right side of the tool.
e. Guide students to the bottom of the chart.  Begin by letting students hypothesize further indirect changes resulting from the disturbance; help students understand that a disturbance continues to impact ecosystems in many ways and may have different consequences. It may also be useful to think with students about the magnitude of the change that takes place within a community; if a population changes size, it can have a dramatic impact even if it isn’t extirpated (removed from the local area).  
Assessment Ideas:		
1. How will changes in oxygen affect a food web?  Have students make the stream food web using the organism cards.  Now imagine the power plant problem or similar, what would happen to the food web?  Ask them to demonstrate that with the cards.  How are the food webs different?  
2. What trait of a mayfly might allow it to disperse long distances?  Why is dispersal important for determining what you might find living in an area?
3. Name three abiotic resources or conditions in the stream. 
4. Assessment for next day.  Have the students come in and use their interactions tool to write out a short paragraph about the power plant problem OR hand out a new blank interactions tool and have students fill it in before moving on to the next lesson that deals with more disturbance problems.

Lesson 11: Disturbance and Dispersal
(student worksheet)
1. The cards you have are things that are often found in leaf packs.  Sort the cards into three piles: living (biotic) things that are macroscopic, living (biotic) things that are microscopic, and non-living (abiotic) things.  Then record the names of the things in the chart below.
	Is it a living thing? (Biotic)
	Is it a non-living thing? (Abiotic)

	Macroscopic
	Microscopic
	

	


















	
	


2. How did you decide what to put in the 
a. biotic columns?

b. abiotic column?

c. macroscopic column?

d. microscopic column?

3. When you include both the biotic and abiotic components in an area what are you describing?  (circle one)		
species		population	community	ecosystem	biome		 biosphere

4. Abiotic resources and conditions can affect which organisms can live in an area.  What traits an organism has determines what abiotic resources the organism needs.  For example, the leaves of tomatoes have the trait of needing a lot of sun light in order to make food.  This means tomato plants have to live in sunny, not shady, areas of your garden.  Other plants have the trait that they only need a little bit of sun light in order to make food.  These plants can live in the shady parts of your yard.  Another example is Macroinvertebrates, they can be grouped according to how much dissolved oxygen they need to survive.  Some groups need a lot of oxygen in the water (8-12 mg/L) and some groups only need a little (<4 mg/L). 
Complete the “In the packs?” column in the table below.  Indicate if you found that type of organism in your pack(s).  Now fill in the “Dissolved oxygen needs” column using the Stream Biology Briefs or the back of the Organism cards.
	
Major Groups
Common name (Scientific group name)
	In the leaf packs?
Yes or No
	Dissolved oxygen needs (mg/L)

	Stoneflies (Order Plecoptera)
	
	

	Dragonflies and Damselflies (Order Odonata)
	
	


	Mayflies (Order Ephemeroptera)
	
	

	Water Beetles (Order Coleoptera)
	

	

	True Flies (Order Diptera)
	
	

	Crane Flies(Order Diptera, Family Tipulidae)
	
	

	Dobsonflies and Alderflies (Order Megaloptera)
	
	

	Caddisflies (Order Tricoptera)
	
	

	Net-spinner Caddisflies (Order Tricoptera, Family Hydropsychidae)
	
	

	Water mites (Order Acari)
	
	

	Springtails (Subclass Collembola)
	
	

	Scuds (Order Amphipoda)
	
	

	Sowbugs (Order Isopoda)
	
	

	Crayfish (Order Decapoda)
	
	

	Snails (Class Gastropoda)
	
	

	Clams and Mussels (Class Bivalvia)
	
	

	Leeches (Subclass Hirudinea)
	
	

	Aquatic Earthworms (Subclass Oligochaeta)
	
	

	Planaria (Class Turbellaria)
	
	

	Nematodes (Phylum Nematoda)
	
	




5. Example of Disturbance:  Imagine a Power plant is built along your stream and starts dumping hot water into the stream. Warm water holds less oxygen so the dissolved oxygen amount in the stream will decrease.  If the dissolved oxygen decreases to 5 mg/L what might happen to the living and non-living things in the water?  Use the Biotic/Abiotic Interactions reasoning tool to reason through what is happening to the stream environment due to water warming.

6. After completing the power plant activity, can you reason through a new example of biological disturbance that has or is happening in your area or in the news? Take this example through the steps in the interactions reasoning tool.

7. [image: ]Example of Dispersal:  Many factors determine what organisms can live in an area:  sunlight, nutrients, available food.   Consider the drawing on the right.  The streams labeled A and B are five miles apart.  The land in between is mostly corn fields with some roads and houses.  

 Randomly pick 5 organism cards from the deck of macro cards and fill out the table below.  Which of these organisms do you think could move from stream A to stream B?  
	Name of organism
	Would it be able to get from stream A to stream B?
	How?
	What traits of the organism did you use when making your decision?

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	

	

	
	
	



Biotic/Abiotic Interactions Reasoning Tool (
Describe environment before the disturbance
)
 (
Describe the disturbance, or change, to the environment and 
it’s
 impacts.
) (
Given
 what will be affected directly
, hypothesize
 
the continued indirect changes 
to the ecosystem
) (
Biotic
) (
Biotic
) (
Abiotic
:
) (
Abiotic
:
) (
Describe things that are directly affected by the disturbance
) (
Abiotic
:
Biotic:
Abiotic
:
Biotic:
Abiotic
:
Biotic:
Abiotic
:
Biotic:
) (
Abiotic
:
) (
Abiotic
:
) (
Describe environment before the disturbance
)
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Lesson 11: Disturbance and Dispersal
(Teacher Answer Key)
1. Now sort all Macroinvertebrate cards into three piles: macroscopic living things, microscopic living things, and non-living, abiotic items.  Record the names of things in the chart below.
	Is it a living thing? (Biotic)
	Is it a non-living thing? (Abiotic)

	Macroscopic
	Microscopic
	

	Stoneflies
Dragonflies & Damselflies
Mayflies
Water Beetles
True Flies
Craneflies
Dobsonflies & Alderflies
Caddisflies
Scuds
Sowbugs
Crayfish
Snails
Clams & Mussels
Leeches
Earthworms
White Pine Tree
Oak tree
Oak leaf
Salamander
Trout
	Planaria
Pond Scum (algae)
Paramecium
Amoeba
Pseudomonas
Hyaline Mitosporic Fungi
Anabaena
Diatom

	Water molecule
Nitrate
Oxygen
Phosphate


2. How did you decide what to put in the 
a. Biotic columns?
Alive, moving, feeding, etc.
b. Abiotic column?
Not living, not moving or feeding, chemicals
c. Macroscopic column?
Large enough to see without magnification
d. Microscopic column?
Need magnification to see
3. When you include both the biotic and abiotic components in an area what are you describing?  (circle one-you may refer back to your vocabulary list if needed)		
species		population	community	ecosystem	biome		 biosphere

4. Abiotic resources and conditions can affect which organisms can live in an area.  What traits an organism has determines what abiotic resources the organism needs.  For example, the leaves of tomatoes have the trait of needing a lot of sun light in order to make food.  This means tomato plants have to live in sunny, not shady, areas of your garden.  Other plants have the trait that they only need a little bit of sun light in order to make food.  These plants can live in the shady parts of your yard.  Another example is Macroinvertebrates, they can be grouped according to how much dissolved oxygen they need to survive.  Some groups need a lot of oxygen in the water (8-12 mg/L) and some groups only need a little (<4 mg/L). 
Complete the “In the packs?” column in the table below.  Indicate if you found that type of organism in our class leaves.Now fill in the “Dissolved oxygen needs” column using the Stream Biology Briefs or the back of Macro invertebrate cards.
	
Major Groups
Common name (Scientific group name)
	In the leaf packs?
Yes or No
	Dissolved oxygen needs (mg/L)

	Stoneflies (Order Plecoptera)
	
	8-12 mg/L

	Dragonflies and Damselflies (Order Odonata)
	
	4.1 – 7.9 mg/L


	Mayflies (Order Ephemeroptera)
	
	8 – 12 mg/L

	Water Beetles (Order Coleoptera)
	

	8 – 12 mg/L

	True Flies (Order Diptera)
	
	>4 mg/L

	Crane Flies(Order Diptera, Family Tipulidae)
	
	4.1 – 7.9 mg/L

	Dobsonflies and Alderflies (Order Megaloptera)
	
	4.1 – 7.9 mg/L

	Caddisflies (Order Tricoptera)
	
	8 – 12 mg/L

	Net-spinner Caddisflies(Order Tricoptera, Family Hydropsychidae)
	
	8 – 12 mg/L

	Water mites (Order Acari)
	
	

	Springtails (Subclass Collembola)
	
	

	Scuds (Order Amphipoda)
	
	4.1 – 7.9 mg/L

	Sowbugs(Order Isopoda)
	
	4.1 – 7.9 mg/L

	Crayfish (Order Decapoda)
	
	4.1 – 79 mg/L

	Snails (ClassGastropoda)
	
	>4 mg/L

	Clams and Mussels (Class Bivalvia)
	
	4.1 – 7.9 mg/L

	Leeches (SubclassHirudinea)
	
	>4 mg/L

	Aquatic Earthworms (Subclass Oligochaeta)
	
	>4 mg/L

	Planaria (Class Turbellaria)
	
	

	Nematodes (Phylum Nematoda)
	
	




5. Example of Disturbance:  Imagine a Power plant is built along your stream and starts dumping hot water into the stream. Warm water holds less oxygen so the dissolved oxygen amount in the stream will decrease.  If the dissolved oxygen decreases to 5 mg/L what might happen to the living and non-living things in the water?  Use the Biotic/Abiotic Interactions tool to reason through what is happening to the stream environment due to water warming.

After completing the power plant activity, can you reason through a new example of biological disturbance that has or is happening in your area or in the news? Take this example through the previous steps.

[image: ]
6. Example of Dispersal:  Many factors determine what organisms can live in an area:  sunlight, nutrients, available food.   Consider the drawing on the right.  The streams labeled A and B are five miles apart.  The land in between is mostly corn fields with some roads and houses.  

Randomly pick 5 organism cards from the deck and fill out the table below.  Which of these organisms do you think could move from stream A to stream B?  


	Name of organism
	Would it be able to get from stream A to stream B?
Yes or No
	
Describe How



	What traits of the organism did you use when making your decision?
Is there another part of the organisms life cycle that might make the movement easier?

	1.
Leech
	Yes
	Leeches are parasite so attach to other organisms that might be able to travel over land or upstream
	Traits:  parasite, attach to another organism (hitchhike) 

Life cycle:  No

	2.
Snail

	Not likely
	Move very slow; not likely to go over land; not hitchhikers
	Traits:  No

Life cycle:  Maybe, Some snails lay eggs that can float down stream, other snails give live birth

	3.
Dobsonfly
	Yes
	If larva grows to adult can fly to another area
	Traits:  Adults have wings

Life cycle:  Adults have wings and can fly




[bookmark: _Toc301927896]
Lesson 12—core: Who eats whom? Revisited

Instructional Goal
At the end of this lesson, SWKABAT 
b. Describe the roles of major feeding group types of organisms in a freshwater stream (i.e. producers, consumers-predators, shredders, collectors, scrapers, decomposers) 
c. Explain how the feeding activities of each feeding group could affect the stream’s abiotic environment (i.e. water clarity, DO, and minerals) and predict how these abiotic impacts might impact other biota
d. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements) 

Materials
· Organism cards (macro and micro, numbers 1-28), 1 set per pair or group of students, and magnets (or post it notes)—(Optional for this lesson)
· Who eats whom? Revisited worksheet (1 per student)
· Food Web Lesson 7 template (1 per pair of students, optional for students who need more scaffolding)
· Stream ecosystem food webs from Lesson 3
· Copies of Stream Biology Briefs Reading and Life in a Drop of Water key (optional for this lesson)
· Computer or overhead projector to display Food Web poster pdf 

Advance Preparation
Have the class list of organisms poster available for students.  Remind students to bring or collect from students their Stream ecosystem food webs from Lesson 3; they might also need their Stream Biology Briefs and the Life in the Drop of Water Key for IDing feeding groups.  Make copies of Food Web Lesson 7 template, if needed, and Who eats whom? Revisited worksheet.  You might consider decreasing or increasing the number of filled out boxes in the table on the worksheet if your students need less or more support.  Prepare overhead or download pdf of the Food Web poster.  

Lesson Procedure
1. Have students refamiliarize themselves with the stream food web they diagramed in Lesson 3 and then add to their food web other organisms they didn’t have on before (both microorganisms and the larger organisms that live in a stream but weren’t found in the pack).  Young or inexperienced students, may have a hard time building a food web and you may want to scaffold their food web construction by providing a copy of the Food Web Lesson 7 template.  
2.  (
Learning Progression Look For
: Lower level students tend to see only macroscopic organisms and we want students to notice microscopic organisms too because they play very important functional roles in ecosystems.  Also, lower level students tend to group organisms into very broad groups.  Help students acknowledge that there are different species of bacteria and fungi, just like there are different species of mammals.
)As students are working, be sure they have identified specific kinds of decomposers (bacteria and fungi) and producers (trees that live on the river bank and drop their leaves, algae) rather than simply “decomposers” or “producers”.  Students may especially need some help remembering what protists and other microorganisms eat (as producers, consumers, collectors, or decomposers—ask them to refer to the Life in a Drop of Water key). Asking students to use the Organism cards may help them use specific kinds of organisms.
3. Have students answer questions 1 and 2 on the Who eats whom? revisited Worksheet   
4. Lead a class discussion on why organisms need food (i.e. matter for growth and reproduction and energy for life’s processes), where major feeding group types of microscopic organisms and larger organisms (i.e. producers, decomposers, consumers-predators and other consumers) get their food, and why there might be more than one organism type in each feeding group (again just assess your students’ understanding for now, but pushing a little harder, this topic will be explored in greater depth in Lesson X).  Students should also discuss the potential implications of multiple organisms of each feeding type: competition for resources and functional redundancy.
Optional Class Discussion to help students understand redundancy in food webs.
a. Draw or project a food web on the board.
b. Ask students to point out a shredder on their food web and remove that shredder.
c. Ask students whether there are other shredders on their food web?
d. Ask a student to redraw the arrows on the food web so that the arrows that once went to the shredder go somewhere else.
e. Ask a student to explain their reasoning for how they redrew the lines.
f. Ask the students to raise their hand if they think the absence of the shredder will make a big difference to the food web. Ask the students to raise their hand if they think the absence of the shredder will not make a big difference to the food web. 
g. Ask one student in the “big difference” group to explain their reasoning.
h.  (
Learning Progression Look For
: Higher level students acknowledge that there is functional redundancy in communities (i.e. there is often more than one species that can perform a function) and they know the implications of functional redundancy.  One implication is that organisms that eat the same food items will compete.  Another is that removing one species won’t necessarily cause a food web to collapse).  Talk to your students about functional redundancy – you may want to use the analogy of having several back-up quarterbacks on a football team.
)Ask one student in the “not a big difference” group to explain their reasoning.
5. Now have students answer the accompanying questions on the Who Eats Whom? Revisited Worksheet.  
6. Biotic-Abiotic Interactions Practice.  You may want to provide students with more copies of the Interactions Reasoning Tool.  Draw or project a food web on the board and brainstorm with the students about how one organism could affect the abiotic environment in a way that will influence another organism.   If the students don’t come up with some ideas, here are some you could use 
a. Removing algae may reduce dissolved oxygen and that could in turn negatively affect the fish and macroinvertebrates that have high DO requirements.
b. Decomposers release mineral nutrients into the water and aquatic plants use those mineral nutrients to grow.  If there is a decrease in decomposers, there will be a decrease in mineral nutrients and a decrease in plant growth.
The students will do this linking of biotic-abiotic-biotic factors on their own or with your guidance when they do questions 5-11 in the worksheet.
 (
Learning Progression Look For
: Lower level students may recognize that the 
abiotic
 environment affects organisms, but to move up the learning progression, students must recognize that organisms can also affect their 
abiotic
 environment. At the highest level of the learning progression, we want students to be able to explain how organism A affects its 
abiotic
 environment and how that effect could in turn affect organisms B and C.  Indirect effects of one organism on another are particularly hard for students to understand.
)

1. 









Assessment Ideas:		
1. Use Who Eats Whom? revisited worksheet as an assessment (questions 6, 7, and 8  are scenario-based questions that will help you see whether students have grasped the idea that organisms can change their abiotic environment in ways that then affect other organisms.
2. Pick one or a few of the rows in the Table from the table below.  Ask students to explain how the change in the abiotic factor could affect one or more specific organisms in the food web.
	Feeding Group
	What organism does this group eat?  How does it get its food?
	How will a decrease in that feeding group affect the abiotic environment?
	How will the change to the abiotic environment affect another organism?

	Decomposers
	Dead organisms.
	Bacteria and fungi are decomposers.  Decomposers are messy eaters that leave a lot of mineral nutrients in the water.  A decrease in bacteria and fungi will decrease the amount of mineral nutrients in the water.
	

	Scrapers
	Algae.  They scrape the algae off of surfaces.


	Fewer scrapers mean more algae.  Algae are producers that make their own food using photosynthesis.  Producers release oxygen when they make food.  A decrease in algae will lead to a decrease in oxygen in the water.
	

	Collectors
	Bits of organic matter and small organisms floating in the water.  They take the floating bits out of the water.
	Bits of organic matter and small organisms floating in the water make the water cloudy.  A decrease in the bits in the water will lead to the water being clearer.  This will let more sunlight into the water. 
	

	Shredders
	Bacteria and fungi on leaf surfaces.  They tear up leaves into small pieces.




	Shredders tear up leaves into small pieces.  This leads to an increase in sunlight.  For example, in wetland ecosystems where this does not occur quickly, leaves pile up and hinder light availability.  
Bacteria and fungi are decomposers.  Decomposers are messy eaters that leave a lot of nutrients in the water.  A decrease in bacteria and fungi will decrease the amount of nutrients in the water
	

	Producers
	Makes their own food using sunlight, CO2 and water and produce O2 and food.
	When producers make food they increase the amount of oxygen in the water.
	




[footnoteRef:8] [8:  Stroud’s Leaf Pack Network ® Manual http://www.stroudcenter.org/lpn/LPNmanual/index.htm ] 


Lesson 12: Who eats whom? Revisited
(Student worksheet)
1. How do each of the following types of organisms get food?
a. Producers:



b. Decomposers:



c. Consumers:



2. Check your food web diagram.  Did you diagram the way each of the organisms in your food web gets their food?

3. How does light energy get transferred through your food web and what does it get transferred into?

4. A. Is there more than one type of microscopic consumer in your pack? 


B. Why do you think that is?  

C. Why is there not just one best type of microscopic consumer?

5. What would happen to the abiotic environment if collectors disappeared from the stream?



6. What would happen to the biotic environment if collectors disappeared from the stream?



7. What would happen to the abiotic and biotic environment if there were three types of collectors and one of them disappeared from the stream?   


[image: ]
8. Imagine over time that small trees on the banks of your stream grew into really big trees.
a. How would the growth of the trees affect the amount of sunlight that hits the stream?  


b. Pick an organism from the food web above and explain how the change in sunlight hitting the stream would affect that organism.  


c. How would the change in sunlight affect an organism that is directly connected to your organism in the food web?


9. Imagine that a new mollusk was introduced to the stream.  Mollusks are filter feeders and consume a lot of plankton as well as use up oxygen in the stream for cell respiration.
a. How would the growth of the mollusk population affect the amount of oxygen in the stream? How would affect things that need to eat plankton to live?



b. Pick an organism from the food web your group has made and explain how the change in oxygen would or would not affect it?  How about the amount of plankton?



c. How would the change in oxygen or amount of plankton affect an organism that is directly connected to what you picked in b (those that are surrounding the organism you picked for b in the food web diagram)?



10. What if all shredders in the stream went extinct and dead leaves were no longer ripped apart.  What would happen to the bacteria that feed upon shredded dead leaves?


What would happen to the amount of carbon that gets released from bacteria consuming them?  Remember:   what % of dry mass of leaves is made of carbon atoms ______


11. You have just learned how an organism can change its abiotic environment in a way that also affects the other members of biological community.  Can you think of any changes to a biological community in another ecosystem (forest, ocean, etc) that would change the abiotic environment and therefore affect the biological community?  Write out two different examples below.

Lesson 12: Who eats whom? Student Assessment Worksheet
(Teacher Answer Key)
1. How does each of the following types of organisms get food?
a. Producers:  Producers make their own food through the photosynthesis process.
b. Decomposers: Decomposers (or saprotrophs) are organisms that eat by digesting dead organisms outside of their bodies, and in doing so carry out the natural process of decomposition.
c. Consumers:  Consumers obtain their food by eating plants or other living organisms.

2. Check your food web diagram.  Did you diagram the way each of the organisms in your food web gets their food?  Did you mention how energy moves in this system?
Students should make sure all organisms are connected in their food webs.
The arrows in the food web should show the direction of the energy.

3.   How does light energy get transferred through your newest food web and what does it get transferred into?
Light energy is used by the producers (green plants) to create glucose.  It is now stored chemical energy.  Then, when other living organisms eat, whether plants or animals, that stored chemical energy is transferred to the consumer.

4. A. Is there more than one type of microscopic consumer living in the stream? 
Yes.

B. Why do you think that is?
There are many different conditions and areas for microscopic organisms to live in.  Many different organisms would be supported by the stream environment.

C.  Why is there not just one best type of microscopic consumer?
	The stream will support many different types.  If there were only one type of microscopic organism there
	might not be enough food and other resources to support just that one consumer.  Having different 
	consumers allows them to find their own “niche” and to live in different parts of the stream under different 
	conditions.


5. What would happen to the abiotic environment if collectors disappeared from the stream?
The water would get cloudier and less sunlight would get into the water.  Less algae would grow which might cause less dissolved oxygen.

6. What would happen to the biotic environment if collectors disappeared from the stream?
There would probably be fewer algae (due to cloudy water) and more of the little organisms collectors eat.
7. What would happen to the abiotic and biotic environment if there were 3 types of collectors and one of them disappeared from the stream?
It would depend on the other two types of collectors and if they can live in all the places that the one that disappeared lived.  If they can live in the same habitat (same dissolved oxygen, other conditions) then the other two collectors would become more abundant and there may not be changes in the abiotic environment.  If they cannot live in the same habitats, then there might be an increase in the cloudiness in those habitats.

[image: ]


8. Imagine over time that small trees on the banks of your stream grew into really big trees.
a. How would the growth of the trees affect the amount of sunlight that hits the stream?  
· The growth of the trees would slowly block more and more sunlight from reaching the stream itself.  So, there would be less algae which would impact the algae-eating organisms.  

b. Pick an organism from the food web above and explain how the change in sunlight hitting the stream would affect that organism.  
· Producer:  Less sunlight could affect the photosynthesis 
· Consumer:  Less sunlight could mean less plants, or at least less robust plants to feed on for the herbivores, which would in turn affect the carnivores/omnivores and also the decomposer/scavengers.  
· Decomposers:  There would be less matter for the decomposers to break down.

c. How would the change in sunlight affect an organism that is directly connected to your organism in the food web?
· For a connected organism, it could mean that the conditions will change:  less food, less/more dissolved oxygen, more of another type of species that might survive better in shadier conditions.  

9. Imagine that a new mollusk was introduced to the stream.  Mollusks are filter feeders and consume a lot of plankton as well as use up oxygen in the stream for cell respiration.
a. How would the growth of the mollusk population affect the amount of oxygen in the stream? How would it affect the things that need to eat plankton to live?
· As the mollusk population grew, the dissolved oxygen could be lowered.  If the mollusks were eating the plankton as their primary food source that would give other filter feeds possibly less plankton to eat.

b. Pick an organism from the food web your group has made and explain how the change in oxygen would or would not affect it?  How about the amount of plankton?
· Various answers, depending upon the chosen organism.  If the organism is one that needs high dissolved oxygen, then its survival could be in question due to the mollusks taking in more oxygen.  
· If the organism is one that feeds on plankton (another filter feeder or low level consumer), then its food source could be less due to the feeding by the mollusks.

c. How would the change in oxygen or amount of plankton affect an organism that is directly connected to what you picked in b (those that are surrounding the organism you picked for b in the food web diagram)?
· Various answers, depending upon the organism chosen in b.  A connected organism could be affected, too, by the amount of dissolved oxygen being less and to their food source being affected by the mollusk population.  Since there could be less plankton that would have a ripple effect in the food web of the stream causing less of some organisms (directly eating the plankton) and causing more of other species.

10. What if all shredders in the stream went extinct and dead leaves were no longer ripped apart.  What would happen to the bacteria that feed upon shredded dead leaves?
· It would be harder for bacteria to eat the un-shredded leaves, so their population would go down.

What would happen to the amount of carbon that gets released from bacteria consuming them?  Remember:   what % of dry mass of leaves is made of carbon atoms ______
· There would be a lot of dead leaf build-up in the stream.  Less bacteria would mean less carbon atoms being released by the bacteria through cell respiration.

4. You have just learned how an organism can change its abiotic environment in a way that also affects the other members of biological community.  Can you think of any changes to a biological community in another ecosystem (forest, ocean, etc) that would change the abiotic environment and therefore affect the biological community?  Write out two different examples below.
· Many responses possible:  volcanic activity, over-fishing, oil spills, heavy storms, run-off from farming, factories, etc.  Most examples will be related to human effects, natural disasters, weather.
[bookmark: _Toc301927897]
Lesson 13—core: What affects what lives in leaf packs?

Instructional Goal
At the end of this lesson, SWKABAT: 
c. Students will know that different abiotic and biotic conditions and dispersal events differentially impact different types of organisms because organisms have particular abiotic and biotic requirements and dispersal abilities.  They will be able to explain how these differential impacts can cause a biological community to be diverse and for separate biological communities to be different.  
d. Explain the implications and limitations of functional redundancy (i.e. sometimes there is more than one species capable of carrying out a function so removing one species may not eliminate an ecosystem function, however, sometimes species with overlapping functions have different biotic or abiotic requirements) 

Materials
· A graph template or graphing paper if you want students to graph data by hand or the Excel template and projector
· Copies of What affects what lives in leaf packs? Worksheet
· Class data sheet with the number and type of macro-invertebrates collected in Lesson 2
· Predictions and experimental design poster from Lesson 1

Advance Preparation
Find student prediction and experimental design poster/notes from Lesson 1.  Make copies of the What factors affect what lives in leaf packs? worksheet and graphing template.

Lesson Procedure
1. Students should now calculate the average number of individuals for each group of organisms for each type of leaves using class data.  They should graph the averages in a bar graph as shown in the Excel template.  If students are graphing the data by hand it may be helpful to provide graphing paper or a template.  Having students group bars by functional feeding group will make it easier for them to interpret their graphs.  
Depending on the amount of time you have and the level of your students, you can present the averages and/or graphs to the class using the Excel template for graphs on the projector or by running off copies.  It is best if students are able to look closely at the graphs so, if students are not graphing themselves, print a classroom set of the graphs.  Having student calculate their own averages and create their own graphs may add at least 20-30 minutes to this lesson.  If you are having students compare more than two leaf packs (e.g. Advanced HS different leaf types comparison, comparing your classes leaf packs with others in your area or with schools across the country) and are low on time, you may have students graph some of the data and present them with graphs of the rest of it.
You will need to provide students with the measured abiotic stream data for them to complete question 8.
TEACHER’S NOTE – Sample size, replication, and the knowledge that nature is variable are important issues in scientific studies. Sample size (also known as sampling effort) will dictate whether you get just the most common organisms or if you pick up some of the rare ones.  Generally, we need to do replicate samples to get a sense of the variability (here you would calculate both averages & standard deviations) between samples. Low variability (small standard deviations) gives you confidence to make predictions from your data.  Depending on your students you may wish for them to calculate standard deviations. Excel will also calculate standard deviations using the =STDEV() function.  
A perhaps more approachable way for your students to explore the variation within the same type of leaf packs (the replicates) is to use histograms for the total number of organisms found in each bag (or for each (or a limited number) of types of the organisms found).  Create a bar graph with Number of individuals on the y-axis and Number of bags with that number of individuals on the x-axis.
2. Hand out the What factors affects what lives in leaf packs? Worksheet.  Guided by the worksheet students will describe qualitative and quantitative patterns among the different leaf packs, describe differences in the richness and evenness of different types of organisms and functional/feeding groups, and describe differences in measured stream characteristics. 
3. Discuss the patterns in the data (described in step 1 above) with students after they have answered questions 1-5 on the worksheet.  Also, discuss the answer to number 6.
4. Write on the board or the poster: 	
very similar --------------------------------------------------------------------------------------very different            
Ask students to vote by putting an X on this continuum in response to the following question: Did we find very similar or very different organisms in the leaf packs we are comparing? Let students talk briefly about these qualitative results.   This discussion prepares students to work in small groups or pairs to interpret the data from the leaf packs using questions 8+.  If you chose to add other comparisons (e.g. Advanced HS different leaf types comparison, comparing your classes leaf packs with other in your area or with schools across the country), you will need to have students repeat questions 1-3 and 7-10 on the worksheet for each comparison.  You might consider breaking the class into small groups, each of which only concentrates on one comparison.
5. Allow students to work through questions 7-12.  We recommend covering questions 13-15 in a discussion format and not ask students to write down answers.  
 (
Learning Progression L
ook 
for:
 Upper level reasoning always involves being able to think of these three determinants (biotic, 
abiotic
, dispersal) as interacting constantly in all ecological situations. Although we need to isolate them as much as possible to conduct experiments, each determinant can lead to changes in the others. As your students discuss these, try to guide them into making this realization explicit, if they don’t do so themselves.
)EXTENDED TEACHER’S NOTES FOR QUESTIONS 7-15:  As in lesson 1, when comparing communities in packs of different leaf types or different locations, students should think about the following three determinants of diversity.  Now that they have data they can talk specifically about some biotic (type of food organisms) and abiotic (amount of dissolved oxygen) factors.  Competition for food by organisms of the same feeding type is a biotic interaction students should recognize.
a. Dispersal - Can the organism get there? (e.g., direct organism movement, water, wind)  Organisms can’t live in a specific time or location if they can’t get there; we call this “dispersal,” the ability to travel to a new habitat. Is it likely that there are barriers to migration or dispersal that prevent the organisms of interest from being located at one of the two locations?  (e.g. dams, nearby streams that adult stages of insects can fly in from). There may be corridors of habitats connecting two places an organism can use.
b. Abiotic resources and conditions - Can the organism survive and reproduce given these abiotic resources and conditions? (e.g. light, water, oxygen, nitrogen, phosphorus, temperature, pesticide pollution, etc.) Abiotic resources and conditions influence whether organisms are able to survive and reproduce in a specific time or location. In addition, organisms influence the abiotic environment around them.  Is it likely that there are differences in the abiotic resources between the two locations? 
c. Biotic resources and conditions - can the organism survive and reproduce given the range of biotic resources and interactions?  (Does it have food, does something eat it, what are the competitors, mutualists, habitat forming organisms, diseases, etc.)  Biotic resources and interactions also influence how successful organisms are in a specific time or location.  Are the surrounding organisms different between the two communities that might influence the success of the organism of interest? (e.g., new competition, lack of prey).
 (
Learning Progression Look 
for:
 
Functional diversity
 refers to the number of different functions being performed in a system. 
Lower level s
tudents think that removing any species from a system would cause a major problem.  This isn’t always the case though
,
 if there are lots of species that can perform the same function in the system.  Sometimes, there may be only 1 or 2 species that are able to perform a certain function and sometimes there will be lots of species capable of 
performing a certain function. 
When there are lots of species performing a function, we call this 
functional redundancy
.
  
Talk with your students about functional diversity and functional redundancy. Ask them what would happen to the system if you removed all individuals of a single species from a functional group that had low redundancy?  How would the result be different if the group had high redundancy?  A useful analogy might be to talk about a high school football team.  If there were 5 guys who could all play quarterback well, t
he team wouldn’t suffer if one 
of those guys transferred to a different school.  But, if there was only 1 guy who could QB, then the team would have some losing games if that student moved away.
  At the most advanced level, students should recognize that organisms serve more than one function.  If one of the 5 back-up QBs moved away, the football team wouldn’t suffer.  But, what if that back-up QB was also the only tenor in the Glee Club?
)Discuss why there are (potentially) multiple types of each functional group in the leaf packs (questions 10-12), making sure students understand that each type of organism can have slightly different abiotic and biotic requirements.  






Assessment
This is the culminating lesson to see if students integrate the three determinants of local biodiversity (biotic, abiotic, and dispersal).  One of the class discussion questions (Q13-14) would be appropriate to assessment; as would a table similar to Q10.

Instructions for Excel Graphing Templates
There are many different ways to look at any dataset. What is or is not appropriate depends on the question you are trying to answer. Thus, please recognize that these templates do not represent the only way of analyzing the data. If you or your students want to spend more time looking at data in different ways, feel free to modify this spreadsheet or use it as a template for building your own.

The primary question these spreadsheets are designed to help you answer is: Do the communities of organisms differ between Treatment A (Bag 1) and Treatment B (Bag 2)? The treatments may differ depending on what you chose to do (e.g. pool vs riffle or deciduous vs. coniferous). In the instructions for each table, you are told where to put your treatment names (instead of Bag 1 and Bag 2) if you wish.

There are four templates available to you. Each consists of a workbook with several tabs that contain the source data table and several graphs.
1. All Organisms (Individual): This spreadsheet contains a prefilled data table that contains all the possible organisms you might find (from the Bio Briefs). Simply type the number of organisms from each group into the appropriate column. This table is meant for individual groups of students (i.e. only one pair of bags). The spreadsheet does a number of calculations that go into the following four graphs:
· Graph 1 has counts for all organisms listed in the order they appear in the Bio Briefs
· Graph 2 has the total organisms found in each bag
· Graph 3 has organism totals by taxonomic group
· Graph 4 has organism totals by feeding type.
Choose whichever graphs are most appropriate for your students and the discussion you wish to have.
2. Name Your Own Organisms (Individual): This table is similar to the first but now you can type the names of the organisms into the spreadsheet. You may wish to do this if you found far fewer types of organisms than described in the Bio Briefs. Again, this table is meant for individual groups of students/pairs of bags and has four graphs:
· Graph 1 has all organisms listed in the order you entered them in the table
· Graph 2 has the total organisms found in each bag
· Graph 3 has organism totals by taxonomic group
· Graph 4 has organism totals by feeding type.
Please note that you must type the taxonomic and feeding group names exactly as they appear in the pink portion of the spreadsheet for the formulas to work correctly (and determine the totals of the different groups you define).
3. All Organisms (Class): This spreadsheet contains all the organisms listed in the Bio Briefs (like All Organisms (Individual), but now you have fields for up to 15 groups of data. The spreadsheet automatically calculates the mean and standard error for each type of student across treatments. The same four graphs are provided as for the individual version, but using class averages. Graphs are provided with and without SE bars for use at your discretion.
4. Name Your Own Organisms (Class): The hybrid of Name Your Own Organisms (Individual) and All Organisms (Class). You can both provide the names of the groups of organisms and enter multiple groups of data.

Please note that due to the importance of exact spelling in the Taxonomic and Feeding Group columns and the possible need to change the range of data included in the graphs, we consider Options 2 & 4 (Name Your Own Organisms) to be more advanced. Thus, if you and/or your students are not comfortable with Excel and/or don’t have high attention to typing detail, we recommend that you use the pre-filled Options 1 & 3 (All Organisms).
Things to note about good graphs:
· Meaningful title (not just X vs. Y)
· Labeled axes (both X & Y) including units where appropriate
· Clear legend
· Measure of variation (e.g. SE bars) for more sophisticated students
· Appropriate type of representation (e.g. counts are usually represented as bars, but should probably never be represented as lines)

Lesson 13:  What affects what lives in leaf packs?
(Student worksheet )

1. Calculate the average number of individuals in each feeding group using the data collected from all the classes.   Do this separately for the leaf packs in the riffles and in the pool.  

2. Why are you averaging the data from the different places in the stream separately?  


3. Create a bar graph comparing the number of individuals in each group from the two types of packs, riffles and pool.  Use graph paper or Excel template.  Don’t forget titles, labels, and a key for each graph.

4. Using the averages from your class data, how many groups did your class find in:
a. Leaf packs in riffles had _______ groups.
b. Leaf packs in pools had _______ groups.
c. Richness tells us how many different groups of organisms are in an ecosystem.  Based on this information, circle which leaf packs had the greatest richness of macro-invertebrate groups?  

Riffles 				Pools

4. Evenness tells us how evenly the different groups of organisms are distributed in an ecosystem, or the relative abundance of each group in an area.  Look at the graphs of your data.  How “even” were the communities you found in your packs?  That is, did you have similar numbers of organisms in each of the different groups that you found or did you have many more in some groups than others?  Give at least one example to support your answer.




5. Class Discussion Question: Do you think it matters if a community is more even or less even?  Why?  What might or might not be affected in uneven communities?  

6. Using the data your teacher provides, fill out the chart below to describe any differences in abiotic resources or conditions between the riffles or pools.
	
	Riffle
	Pool

	amount of dissolved oxygen
	

	

	Turbidity
	

	

	temperature of the water
	

	

	Other characteristics

	


	


7. Using the graphs you made, describe any major differences in the groups of invertebrates you found in leafs packs in the riffles and pools.




8. Why might the groups that you found in the leaf packs be different?   Give at least 2 specific examples using all the data available to you.






9. Besides the abiotic factors you measured, what else could have influenced the diversity of the organisms you found in the two types of leaf packs?  Think back to the discussions the class has had about other types of factors that influence an organism.

	Other Abiotic Resources or Conditions
	

	Biotic Interactions:


	




	Dispersal
	




	Other
	







10. Are the members of each feeding group exactly the same species in both types of leaf packs?


Why do you think that is?   Give at least 2-3 reasons.




Class Discussion Questions:
11. There were probably multiple kinds of collectors or predators living in your leaf packs.  Why do you think there are multiple kinds of collectors or predators instead of one best collector?
12. A thought experiment: If you took a bunch of invertebrates from a stream in New York and put them in a stream in California, what do you think would happen?  Explain why.  Give as many reasons as you can.
13. What additional information would you need to know to feel more confident in your answer? 

Lesson 13:  What affects what lives in leaf packs?
(Teacher answer key)
1. Calculate the average number of individuals in each feeding groupusing the data collected from all the classes.   Do this separately for the leaf packs in the riffles and in the pool.  
2. Why are you averaging the data from the different places in the stream separately?  
3. Create a bar graph comparing the number of  individuals in each group from the two types of packs, riffles and pool.  Use graph paper or Excel template.  Don’t forget titles, labels, and a key for each graph.
4. Using the averages from your class data, how many groups did your class find in:
d. Leaf packs in riffles had _______ groups.
e. Leaf packs in pools had _______ groups.
f. Richness tells us how many different groups of organisms are in an ecosystem.  Based on this information, circle which leaf packs had the greatest richness of macro-invertebrate groups?  
Riffles 				Pools
5. Evenness tells us how evenly the different groups of organisms are distributed in an ecosystem, or the relative abundance of each group in an area.  Look at the graphs of your data.  How “even” were the communities you found in your packs?  That is, did you have similar numbers of organisms in each of the different groups that you found or did you have many more in some groups than others?  Give at least one example to support your answer.
6. Class Discussion Question: Do you think it matters if a community is more even or less even?  Why?  What might or might not be affected in uneven communities?  
The more diverse an ecosystem is less likely it will be affected by small changes in the abiotic or biotic characteristics.  For example, if there are four shredders in the stream and one goes extinct, the other three will still be there to continue shredding and that function of the ecosystem will continue. 
· less even community =good chance that functional redundancy will be low in many groups.  
· Removing one species could make a big difference to the functioning of the system.  If key species (in terms of function) is removed, and no other species carrying out same function, then the system will be very altered.

7. Using the data your teacher provides, fill out the chart below to describe any differences in abiotic resources or conditions between the riffles or pools.
	
	Riffle
	Pool

	amount of dissolved oxygen
	
	

	Turbidity
	
	

	temperature of the water
	
	

	Other characteristics
	
	


8. Using the graphs you made, describe any major differences in the groups of invertebrates you found in leafs packs in the riffles and pools.
Answers dependent upon graphs differences.  Students should notice:  differences in numbers (low vs high), patterns in the riffles and pools.

9. Why might the groups that you found in the leaf packs be different?   Give at least 2 specific examples using all the data available to you.
· Each group of organisms has a range of resources and conditions it grows best in 9temperature, turbidity, stream velocity, dissolved oxygen, amount of sunlight).
· Groups that could tolerate the stream conditions would be more plentiful than those that couldn’t.  (Recall info about what the needs of the different organisms in terms of dissolved oxygen.

10. Besides the abiotic factors you measured, what else could have influenced the diversity of the organisms you found in the two types of leaf packs?  Think back to the discussions the class has had about other types of factors that influence an organism.
	Other Abiotic Resources or Conditions
	For example, if the part of the stream with pools was shadier than the part with riffles then more algae might be found in the leaf packs in the riffles.

	Biotic Interactions:


	The types of other organisms present. A group is less likely to be found if its predators or competitors are there and more likely to be found if its food source and other organisms that they depend upon to survive are there.


	Dispersal
	How far leaf bags were from where the organisms were living at the time.  If too far, then they could not have migrated/dispersed from their original habitat to our bags.  If the holes in the leaf bags were too small, some larger organisms couldn’t get in.


	Other
	For different leaf types:  If the leaf packs were placed near one another in the same stream then the most likely cause of the difference would be related to the types of leaves themselves.  One type of leaf might have been a better food source and/or a safer refuge for the species.  Also, the type of leaf that wasn’t preferred could have had substances in it that were toxic or not tasty for that species (e.g., pine needles vs deciduous).




11. Are the members of each feeding group exactly the same species in both types of leaf packs?
Why do you think that is?   Give at least 2-3 reasons.
Not all organisms of a given feeding type have the same biotic or abiotic requirements and biotic and abiotic factors might be different between the two packs.  Stream location, dissolved oxygen, shade, lack/abundance of food, predators, nutrients in water and stream bed, etc.

Class Discussion Questions:
12. There were probably multiple kinds of collectors or predators living in your leaf packs.  Why do you think there are multiple kinds of collectors or predators instead of one best collector?
· Organisms probably differ from one another in many ways even though they are all collectors or predators.  
· The different species/orders may 
· prefer/tolerate different abiotic conditions (e.g. Stonefly larvae prefer high amounts of oxygen while dragonfly larvae prefer lower amounts)
· be different in terms of how well they collect certain types of leaf matter or kill certain organisms (e.g. bigger or smaller leaf pieces or animals)
· be different in terms of how they escape certain types of predators (e.g. caddisflies have carry-around camouflage and midges don’t).  
· Because the environment might always be changing in some biotic and/or abiotic ways or be different in different (but close by) places, one species/order isn’t ever numerous enough for long enough to outcompete the other species.



13. A thought experiment: If you took a bunch of invertebrates from a stream in New York and put them in a stream in California, what do you think would happen?  Explain why.  Give as many reasons as you can.
· Organisms have particular biotic and abiotic requirements.  If you change location, some things must change (seasonal temperature of water, food availability).  So, some needs of the organism may not be met and so they would not be able to survive and reproduce.  
· Make sure students pay attention to abiotic and biotic differences between the locations.  
· This question is KEY to this unit
· You might also want to change this question to two locations that make more sense to your students (e.g. stream in the Upper Peninsula v. Los Angeles).  New York is likely colder in the winter than California.  New York also has longer days in the summer because it is further from the equator.  The invertebrates may thrive because their predators, diseases, or competitors aren’t in the new habitat.  The invertebrates could die because there isn’t enough food for them or because the abiotic conditions are outside the range of their tolerance.

14. What additional information would you need to know to feel more confident in your answer? 
· Abiotic conditions:  stream temperature, pH, nutrients, dissolved oxygen
· If there are predators, competitors or diseases that are likely to kill invertebrates
· Food availability
· Availability of species that the invertebrate depends upon  (e.g., mutualists)
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Lesson 14—core: Comparing the stream to what is familiar

Instructional Goal
At the end of this lesson, SWKABAT 
a. Construct and label feeding groups and direction of matter and energy flow in a food web for an ecosystem
b. Recognize the diversity of microscopic life and macroscopic life exists in all ecosystem
c. Group familiar organisms in multiple ways using multiple traits: feeding group, phylogeny

Materials
· Poster paper for students to draw food webs on
· Copies of Comparing the stream to what is familiar Worksheet

Advance Preparation
Collect students’ diagrams of their familiar ecosystems in Lesson 1 for distribution to groups.  Make copies of the Comparing the stream to what is familiar Worksheet

Lesson Procedure
1.  (
Learning Progression Look For
: S
tudents’ ability to describe redundancy in natural systems is
 limited. Redundancy, the idea that multiple 
organism
s
 can
 share similar biotic (e.g. 
feed on 
similar organisms) requirements
 is often a new one to them
 when thinking in the food web context
.
 
 Hopefully their experiences with the leaf packs will expand this awareness, but watch for this in their discussion of their original food webs.
)Ask students to work together in pairs or small groups and make a food web for a familiar forest ecosystem.  Can they add more organisms (e.g. bacteria, fungi, or other microorganisms; multiple types of insects or other macroinvertebrates like snails or earthworms) or details about relationships now that they have studied the stream ecosystem?  Have students fill out the tables in Q4.
2. In the Comparing the stream to what is familiar Worksheet, students will identify similarities and differences between the familiar and stream ecosystems with regards to both relatedness and feeding types and other things they may think of (Q5-6) and think about biotic-abiotic interactions (Q7-9).
3. Lead a classroom discussion around the charts and questions.  Focus the discussion on comparing the biota (i.e. feeding types, classification, interactions) in each ecosystem, similarities and differences in the abiotic environment, and the dispersal capabilities of the organisms in the food web.  If you have time, you may choose to have several groups with different contexts present their familiar ecosystems to the class (biotic, abiotic, and dispersal) and compare and contrast them, finding similar feedings patterns, in addition to the stream. 
Although they’ve examined these requirements in detail for the stream community using their leaf packs, they should now be able to apply these ideas to any ecosystem, even those for which they don’t know all of the details.  One key conceptual link for students to make between the streams and the (likely) terrestrial ecosystems that they originally described is in the way that new energy is introduced into the system.  For most ecosystems, solar energy captured during photosynthesis and stored as chemical energy in producers is the energy source for all of the other organisms ‘higher’ in the food web. In an ecosystem built on decomposition, such as the leaf packs, the fresh inputs of energy are in the form of chemical energy in the detritus (leaves, stems, dead bodies of animals, etc) of that system, which is then passed up through a food web that in other ways is almost exactly like the more familiar ones. 
Assessment Ideas:		
1. Focus on questions 4-9 as formative or summative assessments to probe student ability to transfer ideas from the lessons back to familiar food webs.

Lesson 14: Comparing the stream to what is familiar
1. What ecosystem are you most familiar with (Deciduous, Kelp, Tropical, Redwood, Alpine, Coniferous, etc)? 


2. What makes it an ecosystem?



3. Make a food web on poster paper from your list in question one.    Can you add more organisms or details about relationships now that you have studied the stream ecosystem?
4. In the tables below, name example(s) of each type of organism that live in the forest you drew.  Add organisms from the list below to your new food web if not already included.

	Feeding Type

	Producer
	


	Consumer that is a predator
	

	Consumer that is not a predator
	

	Decomposer
	



	Kingdom

	Plant
	1.                           2.                          3. 


	Animal
	1.                           2.                          3. 


	Fungi
	


	Protist
	


	Bacteria
	




5. What are three similarities between your familiar forest ecosystem and the stream ecosystem?
1. 


2.


3.


6. What is one difference between these two ecosystems?


7. Think of one change in the biological community of your forest ecosystem that would change the abiotic environment?  Describe it:


8. Would these changes affect the biological community?  How exactly?  

9. Group Challenge for Extra Credit:  List and explain as many different examples as you can of changes that could occur to your forest (natural, man-made or invading) that would affect the biological community.

Lesson 14: Comparing the stream to what is familiar
(Teacher answer key)

1. What type of forest are you most familiar with (Tropical, Temperate, Redwood, Alpine Coniferous, etc.)  List organisms you would find living there.
Answers will vary
2. What makes it an ecosystem? Refer back to your vocabulary list.
· What makes it an ecosystem is that it is a community of living and non-living things that interact in that forested area.

3. Make a food web on poster paper from your list in question one.    Can you add more organisms or details about relationships now that you have studied the stream ecosystem?
4. In the tables below, name example(s) of each type of organism that live in the forest you drew.  Add organisms from the list below to your new food web if not already included.
	Kingdom

	Plants
	1.                            2.                        3.


	Animals
	1.                            2.                         3.


	Fungi
	Students should be able to name at least on fungi in general terms like mushrooms, morels etc..

	Protist
	Students may not know specific names of these, but should include “Protists” in their web.

	Bacteria
	Students may not know specific names of these, but should include “Bacteria” in their web.


	Feeding Type

	Producer
	


	Consumer that is a predator
	

	Consumer that is not a predator
	

	Decomposer
	






5. What are 3 similarities between your familiar forest and the stream ecosystem?
Answers will vary.

6. What is one difference between these two ecosystems?
Answers will vary

7. Think of one change in the biological community of your forest that would change the abiotic environment? Describe it:
Students could describe a tree fall increasing sunlight addition, more animals coming and urinating or defecating adding nutrients to an area.  An increase in deer could decrease shrubs and increase light in the  understory.

8. Would these changes affect the biological community?  How exactly?  
Changing sunlight or nutrients could increase plant growth in the understory.

9. Group Challenge for Extra Credit:  List and explain as many different examples as you can of changes that could occur to your forest (natural, man-made or invading) that would affect the biological community.
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Lesson 15—optional: Design an experiment with defended hypothesis

Instructional Goal
At the end of this lesson, SWKABAT
a. List biotic, abiotic, and dispersal factors and explain how the factors influence the growth, survival, or reproduction of an organism.
b. Explain how traits of various stream organisms affect their ability to disperse from one habitat to another
c. Design an investigation of abiotic or biotic influences on a stream community, make predictions on the outcome, and defend their predictions

Lesson Procedure
This lesson is a great time for your students to show you what they know.  Additionally, if you and your students have gotten really excited about the leaf pack organisms and want to ask some of their own questions, now is the time!  Contact your research contact for more leaf bags and go for it!

1. Students should work in pairs or small groups to come up with a question based on their experiences with the leaf packs.  They should then design an experiment:
· What question are they interested in?
· What is their hypothesis?
· Why do they predict that?  
· How will changing or manipulating or comparing different X (es) affect Y?

2. For a formative assessment, check student understanding after the “how will changing…”.  Think-Pair-Share - Have students form small groups to share and critique the answers they arrived ask. Ask groups to develop the “why” changing X effects Y.  Then have groups share one of their answers with the class and have the class critique those answers.  Build toward a shared understanding of the “why”.

3. Students should go back into their pairs and finish designing their experiment.
· What do they have to measure to answer that question?
· What treatments will they set up? How will they do it?
· Do they need to control for any dispersal, abiotic, or biotic factors in the environment?

2. For a formative assessment, return students to groups to reassess their plans in the same manner as the first Think-Pair-Share activity.  Alternatively – students groups could choose the best idea from their group, present it to the class, form new experimental groups each of whom will test one idea.
Assessment
Students can hand in the answers to the 7 bulleted questions above.
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Lesson 16—optional: Citizenship Extension—Riverton City Council Activity
At the end of this lesson, SWKABAT 
Use evidence from different sources to explore the impact of building a mall on biodiversity.  

In this activity, students take on the role of Riverton City Council members who have to vote whether to keep Riverton Park as a city park (which costs the city money every year for upkeep), or to sell the land to the mall developer (which will raise money that can be used to install new computer technology in the schools). Each group of students will be provided with information about the proposal to sell the park and build a mall. The information will come from different sources including the mall developer, city scientists, Riverton Chamber of Commerce, Riverton Downtown Business Association, Friends of Riverton Park, and the superintendent of the school district.

The students will be asked to review the information and answer some questions to help them think through their decision. The questions will ask them to:
1. Explain the science underlying the scenario
2. Interpret data and evidence
3. Evaluate the evidence and arguments from the different sources and stakeholders
4. Predict likely outcomes of courses of action, and decide what to believe about outcomes predicted by different stakeholders
5. Indicate what additional information (e.g., studies) would be needed to make a better decision and monitor the consequences of the decision.
6. Vote on what to do
7. Provide reasoning and justification for their decision      
After the students complete their group work, the whole class will reconvene for a discussion about how science can be used to inform decision-making.

Purpose of the Activity
A basic challenge for science education in a democratic country is preparing citizens to make informed environmental decisions. We define environmental science literacy as the capacity to understand and participate in evidence-based discussions about environmental systems and to make informed decisions about actions and policies. Environmental science literate citizens use science to inform their decision in both private (e.g., consumer, worker) and public (e.g., voter) roles. Some of the practices that are particularly important for using science as a tool of citizenship include:
· Explaining and predicting what is happening in an environmental system or issue using evidence and science understanding.
· Evaluating arguments and evidence (including multiple arguments and pieces of evidence that may conflict with each other).
· Dealing with uncertainty in arguments.
· Making, justifying and explaining a decision about a course of action.
· Identifying and prioritizing relevant information to use in making a decision about a socio-ecological issue.

This activity provides students with an opportunity to practice engaging in the citizenship practices described above. At the end of this teacher guide, we provide suggestions for leading a debrief session to discuss with students how people can use understanding of science to inform their decisions. As we are very interesting in exploring how students engage in these practices, we will talk with you about data collection opportunities related to the activity. These will include collecting students’ written data. If possible, we would also be interested in videotaping in your classroom during the activity, and in interviewing several students after they engage in the activity.

You can find the materials for this extension at http://edr1.educ.msu.edu/environmentallit/publicsite/html/tm_ci.html
 If you are interested in integrating more argumentation and inquiry from secondary data into your classroom and want to do this application lesson, please contact Jennifer Doherty at Michigan State University (dohert59@msu.edu) or Cornelia Harris at the Cary Institute of Ecosystem Studies (harrisc@caryinstitute.org).  
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