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AP Environmental Science 

Themes: 	Science is a process
Energy conversions underlie all ecological processes. 
Biogeochemical systems vary in ability to recover from disturbances
Humans alter natural systems
		

Topics:
II. The Living world
	B. Energy Flow
E. Natural Biogeochemical Cycles 
	

VII. Global Change
	B. Global Warming


Materials:
	Brick and Mortar Classroom: Liquid chalk markers to be used on student desks, projector
	Online Classroom: Powerpoint. 


Overview: 
This lesson serves as a review of multiple themes in AP Environmental Science. Biogeochemical cycles, photosynthesis and cellular respiration, climate change and disturbance events, and experimental design are all addressed during this lesson. 
One of the predicted impacts of climate change is the increased frequency and magnitude of tropical storm events. Combined with rising sea levels, storm surge from hurricane activity has the potential to alter coastal ecosystems, but fundamental knowledge gaps remain. This lesson places students in the role of a scientist investigating the impacts of storm disturbances on a mangrove ecosystem. Students are provided with background information on climate change and nutrient cycles and then asked to design an experiment to answer a fundamental question. The hypothetical results of the experiment are provided for students to analyze and suggest areas of further research. 
The method of delivery of the lesson is through video, article, group collaboration, and student presentation. The lesson can be conducted in a brick and mortar or online classroom. 


Time requirements: 2 x 45 minute lessons. 

Introduction: 
 
Slide 1-2:    Provide students with USA Today article on climate change: http://www.usatoday.com/story/weather/2013/03/18/storm-surge-hurricane-climate-change-global-warming/1997113/ Working in groups of 2-3, ask students to create a list of 2 potential consequences of global climate change. 
Students should identify any of the following from the article but may also add their own based on prior knowledge: Increase chance of storms (double), 10 fold increase in the frequency of storm surges (Katrina magnitude storm surge every other year), Sea-level rise (which leads to more storm surges – this is an example of positive feedback).

Slide 3-6:    Introduce students to the Everglades. https://www.youtube.com/watch?v=BDHWpkcpvPo
Briefly provide context by discussing the location (lowland, coastal, subtropical Florida) and some of the ecosystem services that the Everglades provides such as replenishing water into the Biscayne aquifer, filtering out pollutants, absorbing excess nutrients, and reducing flooding. 
But, given it’s location it is also a region that has the potential to experience both sea-level rise and storm surge. Estimated 0.6m rise by 2060 (Zhang et al. 2011)

Slide 7-10:  Remind students that South Florida experienced a series of significant storm disturbances in 2004 and 2005. Charley (2004), Jeanne (2004), Dennis (2004) and Wilma (2005). Play video showing some of the impacts of Hurricane Wilma. http://video.nationalgeographic.com/video/hurricane-wilma?source=relatedvideo The coastal areas of the Everglades are predominately mangrove ecosystems as can be seen on the map on slide 8. Research sites within these mangrove areas recorded the effects of the storm surge from Hurricane Wilma. Some of the impacts were a loss of canopy leaves in the mangrove forest, the increase in soil elevation (from sediment being pushed in from the storm surge and increased total P in the soil. In addition, the net ecosystem productivity (NEP) initially declined after Wilma. 

Slide 11-13: Review definitions of GPP, ER, and discuss NEP as a measure of gain/loss of carbon. Discuss the relevance of tracking NEP in ecosystems in relation to studying climate change.  Ecosystems show a pattern in NEP change following a disturbance. 

Slide 14: 	Introduce the overriding question. Tell the students that they are going to be investigating two variables that could be driving the changes in NEP after a disturbance. This is a good place to discuss designing a controlled experiment vs. a field investigation. In this case, there is a need to isolate variables and therefore a controlled experiment is required. 

Slide 15: 	If students need it, a quick review of the phosphorus cycle paying particular attention to the role that phosphorus plays in plant growth might be necessary. 

Slide 16-18: Break students into small groups 3-4 students per group. Each group will be designing an experiment to test their specific question. (Multiple groups can be working on the same question).  Question three requires that students work with multiple variables and therefore can be used as a challenge question or can be dropped if students need to practice working with just one variable. Students will need to develop a hypothesis and be prepared to offer an explanation for their hypothesis. They will also need to identify their variables (independent and dependent) as well as their control and constants. Students should be sure to suggest the duration of the experiment and provide justification for the specific time limit. 
	Brick and Mortar students can create their presentation on their desks using liquid chalk, on poster boards, or using any digital media that can be viewed during a gallery walk. 
Online students will work in breakout rooms and create their presentation on the virtual whiteboard. 
Students can use the template below for a guide of the required components of their design. They will also need to draw and label their design. 
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	Once students have completed this task, they will take a gallery walk where they visit each other’s presentations. Each student should critique the experimental design of each group, providing a positive recognition of the group’s understanding of experimental design, and a suggestion for improvement. 
Allow time for students to share their observations with each other after the gallery walk. 

Slide 19-20 These slides show the experimental design of the actual experiment. Mangrove plants were placed in six salt water fed mesocosms. Each of the two year old plants were placed in a container of histosoil and set into the mesocosm. Three of the mesocosms received the phosphorus treatment, and three received no phosphorus. Each mesocosm contained two non defoliated mangrove plants and two defoliated mangrove plants.  The experiment lasted 42 days. 

Slides 21-26 Students return to their groups/breakout rooms where they are provided with data for their experiment. There are two sets of data for each experiment to ensure that there is a variety of data for teachers to work with. Teachers can determine how best to use the data.
Scenario one has groups analyze the same data for their question, present their data, and then collectively as a class draw conclusions that provide answers for the overriding question of “how do disturbances modify NEP in South Florida mangrove systems?” 
Scenario two has groups analyze different data for the same question. The class can be divided into two whole groups 1a, 2a, and 3a work together to draw conclusions and groups 1b, 2b, and 3b work together to draw conclusions. This scenario ensures more students are engaged but requires some classroom management when the entire class is divided into two groups. 
	In both scenarios, students create graphs of their data to add to their presentation (desk or online whiteboard) and determine if their data supports or does not support their hypothesis. They then identify future areas of research. They will present their findings to the class, again as a gallery walk with a question and answer session after the gallery walk. 

Slide 27	Either as a whole class activity or a divided class activity. Groups share their findings (the final step of the scientific process). What can their collective data tell them about the role of disturbances in modifying NEP in South Florida? 

Slide 28	Once published, this slide will contain an overview of the actual data and findings from Dr. Kominoski’s study. 
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