Lake Food Web Activity and Bio-Manipulation Game

Original author?  Edited and modified by Earl Morse (edit 18April2011)

Summary: In this game students take on the roles of members of a simplified lake food web with “producers” (micro-plants or phytoplankton), “primary consumers” that eat the phytoplankton (planktivores or micro-herbivores and filter-feeding fish ), and secondary and higher consumers (mainly fish carnivores).  Food energy is passed along the web (split peas are used) and a variety of scenarios are examined from eutrophic (richly fertilized) to oligotrophic (sparsely fertilized).

Target Audience: 4-8 with extensions for high school

Essential Question: What happens in a food web as nutrients and/or pollutants are added to or removed from a body of water?  Is there any effect on community diversity, survival and water quality?

Objectives: Students will understand and predict energy flow characteristics of food webs, and food chains, how changes in diversity effects the flow of energy, nutrients in a community, and some of the consequences of pollution on community and individual species survival.

Time requirements:

Total Duration: 2 – 4, 40 minute classes

Pre Information:  (5-20 min)

Assess student knowledge on food webs, and lake pollution. 

Ask these questions:

Describe a food pyramid and a food web?  How do they differ? 

What things pollute our Lakes in Maine?

Lake Watershed Pollutants (20-30 min)

Use watershed model to explore how nutrients and other pollutants can enter the lake.  Soil is the number one pollutant to lakes and it brings nutrients to feed the base of the food chain.  Describe how to prevent lake pollution.

Lake Food web Organisms (20-40 min)

Students identify trophic (or food pyramid) roles and names of organisms on a worksheet as they watch a powerpoint presentation or travel around to stations with pictures and ecology of common lake inhabitants. Students can design their own PowerPoint presentation for this purpose.

Key Vocabulary:

Algae, zooplankton, predator, prey, plankton, nutrients, herbivore, carnivore, omnivore, producer, consumer etc.

Materials

· split green peas for algae (optional lentils to represent lower quality food)

· small plastic baggies with a sketch of  zooplankton in sharpy marker or use white sticky  labels to draw on and then put labels on baggies. 

· Small and medium paper bags and markers/crayons 

· Measuring device- graduated cylinder or one cup sized measuring cup.

· Dust pan and broom to clean up after. Play game indoors with hard floor (easier to clean up)

Background Information:

Community Diversity and food webs:

Community Diversity is often a good indicator of the relative stability or “health” of a community of organisms in a food web. Generally, if a food web has a high diversity, it has a wide variety of different species with no permanently massively dominant type. High diversity provides individuals ( and the community) with maximal ability to survive in times of stress (there’s a lesson here for people, too, i.e. shoe manufacturing as the sole industry in Maine towns, pun intended!). In a diverse community the inter-dependencies or food webs are more complex and individuals are offered a wide variety of feeding alternatives should one “preferred” species become temporarily diminished. While an individual may have a harder time finding food, other “opportunities” are usually available and starvation avoided.  Conversely, it is easy to understand that a less diverse community with great numbers of individuals but fewer species is more likely to experience stress if the abundance of one of the species  diminishes greatly.  High community diversity is highly correlated with high community survival ability. (see our Diversity Index Activity for more)

Algae (phytoplankton, plant plankton) ID

Overview of free-floating algae, or phytoplankton. Understand microscopic size and algae blooms by looking at pictures of blooms and common microscopic aquatic phytoplankton on web.  Introduce the concept of primary producers, the base organisms in a food web. Discuss reproductive rate (doubling time) and total biomass.  Under high nutrition situations populations of phytoplankton can double their total population mass in hours (blooming).  Which factors inhibit their ability to grow and reproduce? See our website for photos and ecology and bloom info for phytoplankton. The split peas are used in the game as phytoplankton.

Zooplankton ID 

What are the different types of zooplankton?  Web sites with video clips, ID key- get books and pictures. Use microscopes or projection of real organism.  See our website for photos and ecology of zooplankton. Look up Daphnia (a Cladopheran) on our website. How does it feed?

Draw  an example of a zooplankter on a sandwich-size plastic baggie.

Fish ID 

Look at our website for photos and ecology of fish in Maine.  What do specific fish prefer to eat?  Review vocabulary predator, prey,  Planktivores (eat plankton could be called an herbivore on land) from Piscivores (eat other fish could be called carnivore on land). What fish are invasive and which are native to Maine?  Which fish are found in your local lake? What are fishing regulations?  Why have regulations? Show fish found in your lake and used for game and ask each “fish” student to draw an example of their selected planktivore on their sandwich-sized plastic bag. Picivore fish draw their image on their “lunch sized” paper bag.

If you have the time, have students build and paint large cloth-stuffed, stapled, paper models of fish and plankters and hang them from the ceiling in the room in the area where the game is played.  It really gives the game an underwater feeling!

Worksheet check (see worksheet, below).  Circulate around the room to see that students have been able to fill out names of organisms and have some knowledge of the general food habits of members of their lake's food web.

Preparation and playing procedure for the Food Web Biomanipulation game (15-30 min)

This is a model of a real world aquatic food web.  Rules: walking only, don't want to step on any zooplankton's hands.  

Roles

First chose the majority of the students to be zooplankton.  Each zooplankton has two baggies.  

Depending on the water's nutrient enrichment scenario there will be:

between 3 and 7 planktivore fish and 1 and 4 piscivore fish.  

The amount of split peas depend on how much pollution or nutrients are available in the water.  Consequently, the game is played more than once with differing amounts of nutrients each time and, thus, different amounts of phytoplankton production.  A pond with lots of phosphorus, for example, would likely produce lots of phytoplankton, making it more (“pea soup”) green, less transparent and prone to “blooms, die-offs, odor, and significant oxygen depletion.

Procedure:

Playing the Bio-manipulation  game 

Location

Establish an area that will be the lake.  It should be easily swept up.  It should be done in an open floored space or in the classroom since you need to find and count the remaining phytoplankton once the game is finished..

Algae

Discuss how much sunshine has been on the lake and what degree of pollution is entering the lake to determine how much algae to add.  Spread a about one cup or more of split peas over to the floor.  

Demonstrate how each organism eats

Zooplankton players use 2 baggies, representing 2 zooplanktonindividuals.  They pick up the split peas and put them in the baggie as if it was the zooplankton's stomach. 

Planktivore fish players use the mouth of their small paper bag to scoop up one zooplankton only from each person. It is a game of tag.  If the mouth of the planktivore's fish bag touches the plastic bag of the zooplankton, the zooplankton gives the baggie up. The fish keeping the peas inside.  The zooplankton continues eating filling the second baggie.  The planktivore puts the plankton baggie in its own bag and continues to pursue other zooplankton.  Eventually a planktivore's stomach zip lock bag could fill up and they no longer eat so they just rest, avoiding predators, and digest. They go into “hiding” and may step outside the marked playing area and are “safe” from further predation.

Piscivore players similarly tag the planktivores and swallow the entire fish net in their stomach.  They too eventually fill up their stomach.  

Timing the game

The following times for the game have worked well. If you find you need to adapt the times you need to do the same time for each round so you can compare the results.

Time 0 seconds- Zooplankton start to eat

Time 15 seconds planktivores start to eat

Time 30 seconds piscivores start to eat

Time 60 seconds end of game. 

Debriefing, assessing, and discussing the results of game

After the round ends have the students observe how much algae is left on the ground and count the algae in the stomachs of each participant.  How do you think scientists first learned about what fish eat?  If no response ask is anyone who has cleaned a fish opened up the fishes stomach.  It is called stomach content analysis.

Record the amount of algae consumed along with the number of zooplankton, piscivores or planktivores who played this round on the board and tell  students to enter these results in the data table on the provided worksheet.

Repeat the game changing roles and adjusting the number of planktivores, piscivores and the amount of food (phytoplankton-split peas).  These combinations seems to make the point quite clearly:

Round 1 -7 planktivores, 1 Piscivore 

Round 2 – 5 planktivores, 3 piscivores

Game variables. If time allows, add game rounds with:

A mix of lentils and split peas where lentils represent a “lower quality” food. (don't tell the kids that the lentils represent a lower quality food till after the play finishes).  What kind of phytoplankton might be lower or higher quality?

More or less algae or other combinations of fish types.

One variable is how rapidly students walk as they play the game.  If they are fast and aggressive the consumption rate will be greater (they use more energy and oxygen). As oxygen in the water is depleted (say, by the decomposition of algae bloom mats or organic matter on the bottom) ask them to hunt by walking backwards or crawling. The same is true for higher water temperatures.  

As the water becomes more cloudy with algae it may interfere with some predatory fish's hunting capacity, You might try having more visual hunters try hunting with a arm behind their back, wearing a patch over one eye, or their fingers and thumbs taped together. What hunting attributes might creatures need to have an advantage in algae rich pea soup-green water?

Analyze and discuss how the different rounds affected the amount of algae captured. Have students finish the food web drawing on the back of the worksheet. Use the thickness of the connecting arrows to show relative amounts of hunting capture. Thicker arrows showing greater food capture and hunting success.

Closing Discussion (5-15 min)

Review and expand vocabulary.  Conduct the following discussion. Include what is age appropriate.  Discuss movement of energy through the food web (Bottom-Up).  Predation pressure, also called the Trophic Cascade Theory  (Top-Down).    Scientists in Maine are experimenting with bio-manipulation (new vocabulary word) and it is like the game we played.  What is bio-manipulation? An other way lakes are managed is through nutrient control to reduce algae and other plant blooms.  

If the students are high school age, explain the current research in East Pond, Belgrades area.  The research is on the Cladocerans, who are the largest zooplankton; consequently they eat more and can have a much great affect on  water clarity .  In order to have more cladocerans they plan to net the planktivorous fish the white perch. 

Ask: What you can do to protect a lake food web?  

Possible discussion prompts: What happens to the food web when we pollute, add more nutrients?  Talk about how you can make a difference- reduce runoff (lesson learned in watershed model).   Biological pollution, introduced invasive species of fish like Pike can create a significant change in the native food web. Why have  catch and release regulations? ( to protect species of fish in food web)  What about invasive species? (Why have catch and kill regulations).  

Final assessment (5+ min)

Draw and label lake food web.

Write develop a PowerPoint presentation about the experience.  Possible prompts lab report, newspaper article. Research the fish in your local lake on  (PEARL and other resources on our web-site), develop a food web for the lake and recommend a management strategy.

Alignment with science Education Standards:

We are awaiting the final draft of the Conceptual Framework for the National Science Education Standards.  At that time (anticipated Summer 2011) a draft standards alignment will be included here until that point when the State of Maine has developed or adopted their own science standards.

Resources and References:

Pond Life videos http://www.microscopyu.com/moviegallery/pondscum/index.html
Pond Life ID 

http://www.microscopy-uk.org.uk/index.html?http://www.microscopy-uk.org.uk/pond/
Field key to zooplankton

http://cfb.unh.edu/CFBkey/html/index.html
Maine fish ID

http://www.maine.gov/ifw/atv_snowmobile_watercraft/fishing/species/identification/

Information on specific Maine lakes and organisms that live in the lakes

http://gulfofmaine.org/kb/2.0/search.html

