Integrating the modeling of biogeochemical cycles and energy flow

This in-class activity challenges students to create and then integrate models of how carbon, nitrogen, water and energy all move within an ecosystem. Students are assigned one of these 4 models. Using 15 provided standard pools, they work independently to decide which pools are appropriate to include for their cycle and then draw and label the fluxes that connect them. Once groups have created their models, the jigsaw technique is used to critically evaluate individual models to create an agreed upon group model for each of the 4 separate cycles. Then by creating new integrated groups of 4, the students must combine their models to understand the connections between each of the cycles. This activity is appropriate for majors and non-majors and can be adapted for use with white boards, index cards or worksheets. This activity addresses the 4DEE framework by integrating the Core Ecological Concepts in ecosystems, the Ecological Practice of modeling and working collaboratively, and the Cross-Cutting Theme of pathways & transformations of matter & energy, as well as systems-thinking. All 4 dimensions can be addressed by adding a discussion of the major human activities that are changing these natural biogeochemical cycles, thereby also addressing the dimension of the Human Environment Interaction. 
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DIRECTIONS: This activity can be adapted in multiple different ways and some ideas are provided below. It is designed to challenge students to think about and draw complex, interacting ecosystems. Therefore, it provides an opportunity to teach structure and function, pathways and transformations of mater and energy, human accelerated environmental change, ecological practices and to practice systems thinking and concept mapping. 

· Individually at home, students use the provided worksheet to create their best model for whichever cycle/flow they are assigned (same sheet used for each model)
· In class small groups of 3-4 are formed with same models to compare and contrast their individual work to create an agreed upon  finalized group model – finalized models can be made with a new worksheet or with provided pools and fluxes on index cards or drawn on white boards/large paper. This can be expanded to include rotations of other students to continue evaluating the  finalized models 
· Each group decides upon the #1 major human activity/disturbance for each model and the human influenced changes to these models are added to show the disruption
· In class new small groups of 4 (one of each model expert) work together to layer the models together into one complex model with the standard pools and multiple arrows – I often use white boards or poster paper with different color markers for this & challenge them to identify the movements that involve multiple cycles/flow (e.g. animal eating plant)
· Allow each small group to present their models, either with a 2 minute explanation or a gallery walk where students can vote by placing stickers on which model they think is most clear
· If time allows, you can hold a discussion of which ecological practices would be used to measure these pools and fluxes
· To assess this on an exam, I often provide different pools, such as “Lithosphere”, “Biosphere”, “Atmosphere”, & “Hydrosphere” as boxes and then require them to provide the labeled fluxes that connect them for the carbon cycle

15 standard pools to be given to students with the instructions that not all pools are appropriate for all cycles:

Soil (Sediments)			Microbes (Decomposers)		Plants/Algae (Autotrophs)
Animals	 (Carnivores)		Animals (Herbivores)			Atmosphere	
Rock				Glaciers					Precipitation (Rain)
Ocean				Surface water (Lakes)			Groundwater
Sun				N-fixing bacteria			Clouds	
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Individual worksheet

Select the appropriate pools from below (not all should be used for each model) to create a complete model for the natural carbon cycle. To do this, connect two major pools with a flux (by drawing a labeled arrow, describing the verb that connects them, e.g. “eaten”).
			
Atmosphere
Sun
Surface water
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Ocean
Clouds
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Precipitation
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Babson College students creating carbon cycles using index cards
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