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Appendix A — Lesson: 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.
 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-
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.)
Appendix B — Lesson: Dissolved Oxygen Resources

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
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Appendix C — Lesson: What lives in a stream? Worksheet

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)

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


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

Photosynthesis

[image: image6.jpg]Plant Growing

- ]

(Energy Input) (Energy Output)
A

(Mattor Input) (Mattor Output)





3. Which kind of molecule has more energy stored in the bond:   CO2 or C6H12O6
4. Where did that energy come from originally and what kind of energy is it stored as now?

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





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.
Appendix D— Lesson: 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.

 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?
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.

Appendix E— Lesson: 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.
 Prokaryotic and Eukaryotic Cells Cloze Activity

(Student Page)
All cellular life has the following characteristics in common. 

· All cells have a _______________________
· All cellular life ______________. All cells contain different types of _______________.
· All cells are composed of the same basic _____________: carbohydrates, proteins, nucleic acids, minerals, fats 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
	
	

	Cell size
	
	

	Metabolism
	Anaerobic or aerobic

	

	Organelles
	
	

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

	DNA
	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)
 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 ____________

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?

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?

4 .   Why are there many different kinds of living things?

 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

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: image7.wmf][image: image8.wmf][image: image9.wmf][image: image10.wmf]        [image: image11.wmf]

	
	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: image12.wmf][image: image13.wmf][image: image14.wmf]

	
	Ferns
	

	
	Flowering Plants
	

	
	Bushes
	

	
	Trees
	

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

	
	Amoeba
	[image: image15.wmf]

	
	Paramecium
	

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

	
	Mushrooms
	[image: image16.wmf]

	
	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)


Appendix F—Lesson: 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.

Appendix G— Calculating a Biodiversity Index
Diversity is measured by two main components: species richness (the number of species present), species evenness (how relatively abundant each of the species are). Additionally, species composition (which particular species are present) is often measured. Scientists often use indices to help them compare different ecosystems.  It gives them a reference point to help them understand the new ecosystem they are studying.  

Quantifying Diversity

There are a number of diversity indices which can be used to summarize the diversity in a community – they look at both richness and evenness.  We will use the Shannon Diversity Index (H’), which is commonly used by environmental scientists.  It is often used when we wish to study a random sample from a larger community. As the value of the index increases there is more “order”, or diversity, in the community. 
Concerns: Shannon's index is particularly sensitive to the number of rare species in a community. Make sure you have a large number of replicate samples to reduce the chance that your diversity value is being affected by a small number of rare species.

Shannon Diversity Index

        s

H = ∑ - (Pi * ln Pi)

        i=1

where:

H = the Shannon diversity index

Pi = fraction of the entire population made up of species i

S = numbers of species encountered

∑ = sum from species 1 to species S

Note:  The power to which the base e (e = 2.718281828.......) must be raised to obtain a number is called the natural logarithm (ln) of the number.

To calculate the index:

1. Divide the number of individuals of species #1 you found in your sample by the total number of individuals of all species.  This is Pi
2. Find the natural log (ln) of Pi
3. Multiply Pi by its natural log (Pi * ln Pi)

4. Repeat this for all of the different species that you have.  The last species is species “s”

5. Sum all the - (Pi * ln Pi) products to get the value of H

For example:

	Birds
	S
	Pi 
	ln Pi
	- (Pi * ln Pi)

	Pigeon
	96
	.96
	-.041
	.039

	Robin
	1
	.01
	-4.61
	.046

	Starling
	1
	.01
	-4.61
	.046

	Crow
	1
	.01
	-4.61
	.046

	House sparrow
	1
	.01
	-4.61
	.046

	

	Total # species
	100
	
	Sum of - (Pi * ln Pi) products
	0.223


H = 0.223

High values of H would be representative of more diverse communities.  A community with only one species would have an H value of 0 because Pi would equal 1 and be multiplied by ln Pi which would equal zero.  If the species are evenly distributed then the H value would be high.  The H value allows us to know both the number of species and how the abundance of the species is distributed in the community.

Applets online for calculating the indices:

Shannon Index: 
http://www.changbioscience.com/genetics/shannon.html 

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?  








Chemical energy stored in bonds of sugar.





Light energy from sun





CO2 from the atmosphere.   Water up from the roots of plant.





C6H12O6  Water vapor O2














