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[bookmark: _Hlk188345946][bookmark: _Hlk181446647]Watershed Module: Harmful Algal Blooms (HABs) and the Cayuga Lake Watershed
Watershed Module: Section #1     
[bookmark: _Hlk178238837]Section 1: Energy in our lake
a.  Building A food web -Energy flow 
b. Follow the carbon
c.  Cellular respiration versus photosynthesis

Phenomenon: As I was walking along the beach of Cayuga Lake one day I came across a family looking at a sign posted by the swimming area of the lake park.  “My family was planning a fun day at the beach with lots of water-related activities but then we encountered this new sign,” the man said to me.Sign Text:
CAUTION:  HARMFUL ALGAL BLOOM ALERT—Avoid contact with blooms.  Keep people and pets away from blooms.  Harmful algal blooms have been seen in this waterbody.  Blooms can make you and your pets sick.  DO NOT EAT FISH CAUGHT IN A BLOOM AREA.


[image: A sign on the beach

Description automatically generated] 
After he read the sign to me, he asked me the following question:Guiding question:   Why are harmful algal blooms (HABs) happening and what can my family do so we can all get in the water again (including our pets)?  


Using what you already know about HABs, write your initial answer to the Guiding Question in the space below.






Guiding question:   Why are harmful algal blooms (HABs) happening and what can my family do so we can all get in the water again (including our pets)?  


[image: The south end of Cayuga Lake. Photograph by Jonathan R. Hendricks.]Activity: Food Webs of Cayuga Lake
INTRODUCTION
     A food web consists of all the food chains in a single ecosystem. Each living thing in an ecosystem is part of multiple food chains. Each food chain is one possible path that energy and nutrients may take as they move through the ecosystem. All of the interconnected and overlapping food chains in an ecosystem make up a food web.   
      Organisms in food webs are grouped into categories called trophic levels. Roughly speaking, these levels are divided into producers (first trophic level), consumers, and decomposers (last trophic level).
Producers make up the first trophic level. Producers, also known as autotrophs, make their own food and do not depend on any other organism for nutrition. Most autotrophs use a process called photosynthesis to create food (a nutrient called glucose) from sunlight, carbon dioxide, and water.  Plants are the most familiar type of autotroph, but there are many other kinds. Algae, whose larger forms are known as seaweed, are autotrophic. Phytoplankton, tiny organisms that live in the ocean, are also autotrophs. Some types of bacteria are autotrophs. For example, bacteria living in active volcanoes use sulfur, not carbon dioxide, to produce their own food. This process is called chemosynthesis.  
The next trophic levels are made up of animals that eat producers. These organisms are called consumers.  Consumers can be carnivores (animals that eat other animals) or omnivores (animals that eat both plants and animals). Omnivores, like people, consume many types of foods. People eat plants, such as vegetables and fruits. We also eat animals and animal products, such as meat, milk, and eggs. We eat fungi, such as mushrooms. We also eat algae, in edible seaweeds like nori (used to wrap sushi rolls) and sea lettuce (used in salads). Bears are omnivores, too. They eat berries and mushrooms, as well as animals such as salmon and deer.

In discussion groups: 
1. Read the introduction to the “Food Webs of Cayuga Lake” above.
2. Each member of the group choose one of the four questions below to focus on while reading the introduction
3. Share the answer to your question with your group.
4. Record all the answers to all 4 focus questions in the space provided after the Focus Questions.
Focus Questions:
1.  What is a food web and how is it similar and different when compared to a food chain?
2. What is a producer and how is it different from a consumer?
3. What is a autotroph (herbivore) and how is it different from a heterotroph (carnivore)?
4. What are trophic levels -please use at least one example in your answer?


























PROCEDURE	
1.  Obtain an organism number from the decals on the following pages and record what organism you will be researching here:___________________________________
2. Natural history research: Answer the following questions in the research section for this activity. Use the key words underlined in the Research Questions below along with the name of your organism to obtain the information you need to answer the following questions about your organism. 
a. Name of organism _______________
b. What do they eat?
c. Briefly describe their habitat.
d. Are they producers, consumers, autotrophs, heterotrophs?  Briefly describe why you chose these categories to put your organism in.
e. What are two FUN FACTS about your organism?
3. Present your organism to your group.
4. Add to the food web.

Cayuga Lake FOOD WEB: Record the organisms presented in the form of a food web in the space below.






















Example Food Web: Ocean Food Web
[image: Toxins and food webs — Science Learning Hub]Please include in the food web the following labels:
---energy arrows
--herbivore, carnivore, omnivore (all consumers) and producers
---Short habitat description





ANALYSIS QUESTIONS
1. Where does a food web get its energy from?


2. Where is the greatest amount of energy in a food web?


3. Where is the greatest amount of biomass in a food web?


4. Circle food chain and briefly describe what would happen if a producer was removed from the food chain.

How about a top level (apex) carnivore?


5.  Briefly describe one human impact that would change this Cayuga Lake food web.

Source-

Impact-

Solution-


[image: A group of fish with different colors

Description automatically generated]
Decal #1: (1) black crappie, (Pomoxis nigromaculatus), by Liisa Mobley; (2) brown trout, (Salmo trutta) by Thaddeus Zygarowicz; (3, 9) yellow perch, (Perca flavescens) and rockbass, (Ambloplites rupestris), by Stephen DiCerbo; (4–6) eelgrass, (Vallisneria americana), curly leaf pondweed (Potamogeton crispus), and elodea (Elodia canadensis) by Gretchen Halpert; (7–8) sturgeon (Acipenser fulvescens) and coontail (Ceratophyllum demersum) by Elizabeth Morales.
[image: A group of ducks swimming in water

Description automatically generated]
Decal #2: (1) pumpkin-seed sunfish (Lepomis gibbosus) by Maureen Dunphy; (2) greater scaup (Aythya marila) by Lucy Gagliardo; (3) crayfish (Procambarus acutus, Faxonius rusticus) by Carla Elizabeth; (4–5) elodea (Elodia canadensis) and eastern painted turtle (Chrysemys picta) by Lynn Bertoia; (6) zebra mussels (Dreissena polymorpha) by Travis DeMello; (7–9) curly leaf pondweed (Potamogeton crispus), elodea (E. canadensis), and watermilfoil (Myriophyllum spicatum)by Gretchen Halpert; (10) snapping turtle (Chelydra serpentine) by Thaddeus Zygarowicz.
[image: Several birds on a white background

Description automatically generated]
Decal #4: (1) North American beaver (Castor canadensis) by Mary Roche; (2) North American river otter (Lontra canadensis) by Amy Maltzan; (3, 4, 8) American mink (Neovison vison), firefly (Lampyridae), and American bittern (Botaurus lentiginosus) by Iva Lesky; (5) muskrat (Ondatra zibethicus) by Liisa Mobley; (6) common whitetail dragonfly (Plathemis lydia) by Frances Fawcett; (7) spring peeper (Pseudacris crucifer) by Elizabeth Morales.
[image: A group of birds flying

Description automatically generated]
Decal #5: (1, 4) Bald eagle (Haliaeetus leucocephalus) and Caspian tern (Hydroprogne caspia) by Carla Elizabeth; (2) snow geese (Anser caerulescens) by Louisa Sandvik; (3) osprey (Pandion haliaetus) by Elizabeth Morales.
[image: A fish and plants with different stages of life cycle

Description automatically generated with medium confidence]
Decal #6: (1) rainbow trout (Oncorhynchus mykiss)by Thaddeus Zygarowicz; (2, 10) landlocked Atlantic salmon (Salmo salar sebago) and smallmouth bass (Micropterus dolimieu) by Stephen DiCerbo; (3) northern water snake (Nerodia sipedon) by Frances Fawcett; (4, 11) coontail (Ceratophyllum demersum) and starry stonewort (Nitellopsis obtusa) by Elizabeth Morales; (5–8) snapping turtle (Chelydra serpentina), coontail (C. demersum), North Eurasian milfoil (Myriophyllum spicatum) with zebra mussels (Dreissena polymorpha), and elodea (Elodia canadensis) by Paula Bensadoun; (9) freshwater jellyfish (Craspedacusta sowerbii) by Marla Coppolino; (12) elodea (Elodia canadensis) by Lynn Bertoia; (13) crayfish (Faxonius rusticus) by Margaret Corbit.
[image: A close-up of a plant life cycle

Description automatically generated]
Decal #7: (1, 8, 9, 13) Diatoma, Melosira, Asterionella, and Rhizosolenia by Amy Maltzan; (2, 4, 10) Spirulina, Pediastrum, and Bosmina by Lucy Gagliardo; (3, 12, 15) Nauplius larva, Daphnia and Copepod (cyclops) by Elizabeth Morales; (5) Dolichospermum by Adrianna Hirtler; (6, 7, 11, 14) Cosmarium, Dinobryon, Closterium, and Straurastrum by Frances Fawcett.
Guiding question:   Why are harmful algal blooms (HABs) happening and what can my family do so we can all get in the water again (including our pets)?  


[image: What is the connection between photosynthesis and cellular respiration? |  Socratic]Activity: Follow the Carbon
Introduction:
A Chemical reaction is a process in which one or more substances, the reactants, are converted to one or more different substances, the products. 
• Reactants are substances that start a chemical reaction. (ingredients) 
• Products are substances that are produced in the reaction. (finished results) 
Photosynthesis is a series of chemical reactions that convert carbon dioxide and water into glucose (sugar) and oxygen in the presence of sunlight. Reactants + sunlight Products Carbon dioxide + Water Glucose (sugar) + Oxygen CO2 H2O C6H12O6 + 6O2 Cellular respiration or aerobic respiration is a series of chemical reactions which begin with the reactants of sugar in the presence of oxygen to produce carbon dioxide and water as waste products. This process occurs in the mitochondria, 
Reactants Glucose + Oxygen C6H12O6 + 6O2 
Products Carbon dioxide + Water +ATP CO2 + H2O
Plants make sugar by using energy from sunlight to transform carbon dioxide (CO2), a gas absorbed from the air, and water (H20) taken from the ground by roots into glucose (C6H12O6) and oxygen (O2). This process is called photosynthesis and occurs in the chloroplast of the plant cell. 
Cellular respiration is a process that occurs in the mitochondria of all organisms. In this process, both plants and animals break down simple sugars into carbon dioxide and water and release energy in the form of adenosine triphosphate (ATP). ATP is used for all the processes that occur within a cell that need energy.  One way to look at it is that each chemical reaction provides the necessary materials for the other chemical reaction so that energy from the sun is converted to energy that organisms can use ATP.
PROCEDURE
1. Obtain a set of photosynthesis/cellular respiration cards.
2. Read over the Introduction section of this activity. Take note of the chemicals necessary for both chemical reactions and how the two reactions are related to each other.
3. Pick a partner and sit across from each other.  Each of you create a space on your desk that matches the following template:
Photosynthesis:

Cellular Respiration:






4. Draw your photo/resp cards, each taking a turn drawing one at a time, and place them on the template (yours or your partner’s).  Use the information you collected by reading the introduction to help you.
5. Record the final chemical reactions you create in the boxes on the template above.
Follow up Questions:
1.  Complete the following table:
	Reaction 
	Reactants
	Products
	Energy

	Photosynthesis
	


	
	

	Cellular respiration
	


	
	



2.  Where in the cell do these processes take place?
a. Photosynthesis
b. Cellular respiration
3.  Does photosynthesis happen in plants or animals or both?
4. Does cellular respiration happen in plants or animals or both?
5. How are these two processes related to each other?


Photosynthesis and Cellular Respiration cards to cut out
 CO2                 [image: What is Carbon Dioxide (CO2)? | CO2Meter.com]
CARBON DIOXIDE
 CO2                  [image: What is Carbon Dioxide (CO2)? | CO2Meter.com]CARBON DIOXIDE




O2          [image: ]
OXYGEN
O2             [image: ]
OXYGEN

      RADIANT                     [image: Sun icon. Cartoon illustration of sun vector icon for web design Stock  Vector | Adobe Stock]        SUN’S ENERGY
ATP   [image: 16 Mind-Blowing Facts About Atp (Adenosine Triphosphate) - Facts.net]
STORED ENERGY
C6H12O6 [image: Glucose | alimentarium]GLUCOSE
C6H12O6 [image: Glucose | alimentarium]GLUCOSE
H2O   [image: Molecule - Chemistry Cartoon - CleanPNG / KissPNG]
WATER
H2O    [image: Molecule - Chemistry Cartoon - CleanPNG / KissPNG]
WATER
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Guiding question:   Why are harmful algal blooms (HABs) happening and what can my family do so we can all get in the water again (including our pets)?  



Activity: Photosynthesis Rates in Elodea

INTRODUCTION
[image: Elodea]This experiment served to determine the effects of light intensity on the rate of photosynthesis in the underwater plant elodea. It was found that the rate of photosynthesis in the plant was accelerated when placed in closer proximity to a constant light source. The rate of photosynthesis was measured by counting the amount of oxygen, a product of photosynthesis, generated by the plant. When the plant is placed closer to the light source in a given time it generated more bubbles than when it was placed farther away from the light source.


[image: A beaker with a tube and a beaker with a tube and a tube with liquid

Description automatically generated][image: Elodea Photosynthesis by Martin Shields]Purpose: to determine the effects of light intensity on the rate of photosynthesis.

Light + 6CO2 + 6 H2O -> Glucose + 6O2

With this in mind, the efficiency of photosynthesis during a specified time period can be calculated by measuring the amount of product formed from the above reaction. The plants tested in this experiment were underwater plants (Elodea) and the rate of photosynthesis was measured by the amount of oxygen produced by the plant through photosynthesis. The amount of oxygen produced was measured by counting the number of bubbles that formed and floated to the surface from the submerged plant. The effects of different light intensities was determined by the amount of bubbles produced from various intensities of light. Write your initial hypothesis in the space below:

Hypothesis: 



Materials
1) Aquatic plant (Elodea)
2) Test tubes
3) Watch
4) Water (at room temperature)
5) Lamp (light source)
6) Knife/Scissors
7) Ruler


Procedure:

1) Cut segment of plant of approximately 8 cm.with scissors.

2) Gently crush the end of the stem at the site of cut.

3) Fully submerge the plant into a test tube filled with room temperature water.

4) Set tube on a test tube stand (see diagram)

5) place the light source 50 cm away facing the test tube.

6) Turn the light on and begin observations-don’t forget to start timing!

7) Count the number of bubbles generated in 30 second intervals for each trial up to 3 min.

8) Repeat steps one through seven changing the distance from the light on each consecutive experiment.  

9) The room lighting is the control group. Observe the plant by itself at room lighting without the extra lamp light source. Count the bubbles generated in 30 second intervals up to 3 min.

Data Table:  

	Time (sec.)
	
0
	
30
	
60
	
90
	
120
	
150
	
180

	#bubbles
no light
	
	
	
	
	
	
	

	#bubbles
10cm.
	
	
	
	
	
	
	

	#bubbles
30cm.
	
	
	
	
	
	
	

	#bubbles
50cm.
	
	
	
	
	
	
	




Results:  graph it! 


HINT: YOU WILL NEED ONE LINE FOR EACH DISTANCE FROM THE LIGHT SOURCE.








Conclusion/Discussion: What does the graph you just made tell you about the results of this experiment?















Guiding question:   Why are harmful algal blooms (HABs) happening and what can my family do so we can all get in the water again (including our pets)?  


Career Focus: Limnologist: What is a Limnologist?
Watch this short video and read the career fun facts that follow. Answer the Fun Facts questions.
 [image: What is Limnology?]
Video link (YouTube): https://youtu.be/QDLLzTIGwTY 
How to become a Limnologist link:  Limnologist - Salary, How to Become, Job Description & Best Schools (onlinedegree.com)







Limnology Fun Facts Notes Page:
Definition of Limnology: 
__________________________________________________________________________
6 Fun Facts for yourself from the video or the web link:
1.

2.

3.

4.

5.

6.

Pick One Fun Fact to present and circle the number for that fact.








Revisiting the beginning of this Section:

Phenomenon: As I was walking along the beach of Cayuga Lake one day I came across a family looking at a sign posted by the swimming area of the lake park.  “My family was planning a fun day at the beach with lots of water-related activities but then we encountered this new sign,” the man said to me.
Sign Text:
CAUTION:  HARMFUL ALGAL BLOOM ALERT—Avoid contact with blooms.  Keep people and pets away from blooms.  Harmful algal blooms have been seen in this waterbody.  Blooms can make you and your pets sick.  DO NOT EAT FISH CAUGHT IN A BLOOM AREA.


[image: A sign on the beach

Description automatically generated]
After he read the sign to me, he asked me the following question:Guiding question:   Why are harmful algal blooms (HABs) happening and what can my family do so we can all get in the water again (including our pets)?  


What do you think so far…  Look over your notes and the data you collected during this section and use this information to answer the “so far” questions below.
	Section 1: 
Algae and Energy
	Explain what it is:
	Explain how it could be related to the phenomenon:

	


Algae





	
	

	
Photosynthesis




	
	
	












	


Cayuga Lake Food Web





	
	


[bookmark: _Hlk187341754]










Add the underlined terms found in the text of Section 1 and complete the table below.
Section 1 Glossary:
	Term
	Illustration/key word
	definition
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