
Title: Shifting “sea”scapes and the effect of climate change on marine ecosystems


Abstract: What is your phenomenon of interest? Your hook, your question, your piece of wonder?  How are you going to make more sense of it?  Avoid jargon

Landscapes are part of our everyday lives. Whether you live in the desert, along the coast, or even in the city, we intuitively know what species typically live in each habitat. We can imagine pigeons flying through city blocks, deer quietly walking through a forest, or a snake slithering across the hot desert sand. When we turn our eye to the oceans, this picture becomes much more challenging. What “sea”scape is perfect for tuna? a manta ray? a shrimp? In this lesson plan, students will uncover the hidden world of “sea”scapes and begin to understand how life in the sea is connected to the physics and chemistry of the ocean. We will also explore how climate change is altering the earth’s oceans and what that means for the species that live there.

What standard(s) does this address? 
	NGSS Performance Expectation
Write it out, not just the #. 
	HS-LS2-6. Evaluate the claims, evidence, and reasoning that the complex interactions in ecosystems maintain relatively consistent numbers and types of organisms in stable conditions, but changing conditions may result in a new ecosystem.

	Common Core Math
(found w/ NGSS)
	
MP.2    Reason abstractly and quantitatively
S-ID.1	Represent data with plots on the real number line (dot plots, histograms, and box plots)
S-IC.6	Evaluate reports based on data


	Common Core English
(found w/ NGSS)

Common Core English
(found w/ NGSS)
	RST.11-12.1	Cite specific textual evidence to support analysis of science and technical texts, attending to important distinctions the author makes and to any gaps or inconsistencies in the account.
RST.11-12.7	Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem



Keywords: These are terms that the educator might use to search for your lesson plan. Make them topical: “Climate change” “viruses” “epidemiology” “lasers”. Between 1-6 words. 

Climate Change, Ecosystems,  Ecology, Food webs


Learning Objectives: What will the students be able to do or demonstrate after this lesson? 
Use measurable verbs. Try to make them three-dimensional by using Science & Engineering Practices (HOW), Disciplinary Core Ideas (WHAT), Cross-cutting concepts (WHY) that you find with your NGSS. 

After completing this lesson, students will be able to:
 
·  Draw connections between the physics of the ocean and the response of the ecosystem 

·  How changes at the base of the food web (primary producers) drive changes further up the food web. 

· Explore the unique dynamic nature of the ocean and how dispersal via ocean currents and eddies may make real world patterns differ from our expectations

· Extrapolate from initial conclusions to ask questions about how the link between the physics and ecology within the ocean change both across seasons and years, and begin to ask how these patterns might change with future climate change.


Lesson plan outline: 
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Lesson plan writer name: Chase James
Lesson plan writer position and institution: PhD Candidate, Scripps Institution of Oceanography
Lesson plan writer email:  ccjames@ucsd.edu
Do you want teachers to contact you with questions / opportunities for classroom visits? Yes




	Learning E 
	Teacher Does / Says
	Student Does 

	Engage
 How can I get students interested in this?
	Provide students with links to:
- Our Planet | High Seas Episode on YouTube 

- How do ocean currents work? 

- an article from the UK Natural History Museum about climate change and its effect on marine habitats
----------------------
Ask students how ocean habitats vary from land habitats

Ask what make phytoplankton unique compared to land plants

Ask what are the implications of small size, fast growth rate in a dynamic ocean? Can phytoplankton swim to preferred habitat? (usually, no) How do small organisms get to new places in the ocean? 

	S: Listen to segment on phytoplankton in High Seas Episode (14:10-15:40, 2 minutes): https://youtu.be/9FqwhW0B3tY?t=850

S: Listen to a video about how ocean currents work: https://youtu.be/p4pWafuvdrY 
(5 minutes)

S: Read article on marine habitats and climate change
(10 minutes):
https://www.nhm.ac.uk/discover/news/2020/may/ocean-ecosystems-more-sensitive-to-climate-change.html
----------------------
Based on the videos and reading students will likely talk about phytoplankton. Students may also bring up that the ocean is dynamic and moves a lot (this will lead into later discussions)
(5 minutes)
 
Students will talk about size, ask how this might affect the growth rate of phytoplankton compared to land plants (5 minutes)

Implications may not be immediately clear. But from discussion students should begin to understand that phytoplankton move with ocean currents. Whether we find certain species of phytoplankton in a location is a combination of dispersal via ocean currents and growth rates (positive when conditions are favorable and negative when conditions are not favorable) (5 minutes)

	Explore
What tasks / questions can I offer to have students puzzle through this?
	T: Hand out worksheet 1 (individually or groups)
	S: Students work through worksheet 1. (15-20 minutes)

Worksheet 1:
This worksheet looks at the ocean off the coast of Southern California and guides the students through:
- Understanding the physics of the Southern California Coastal Region
- How spatial changes in the physics of the region drive changes in the ecosystems
- How these changes drive ecological changes further up the food chain (primary productivity/fisheries)
- How the dynamic ocean environment may vary from our “static” expectation
 


	Explain
How can I help students make sense of their observations? 
- let them try to explain first
	T: 
Important terms from worksheet 1 (5 minutes):
- Upwelling: when winds push surface waters away and water from depth rises to replace those waters. Upwelling bring up nutrients to the surface ocean.
Primary Production (surface ocean):
The total biomass/production of phytoplankton
Eddy: surface ocean eddies are swirling masses of water that move parcels water from one location to another
Entrain: to trap or contain something. In this instance, eddies will entrain phytoplankton, transporting them to a new location.

T: Follow up question to the fishing question: Do you expect food chains to be longer or shorter in more productive areas?

	S: 

Notes

Follow up Discussion: Food Chain Length
(2-5 minutes)
S: 
This is a tricky question and has a complex answer: 
Food chains tend to be shorter in more productive regions
- Areas with high nutrient concentrations tend to be more favorable to larger phytoplankton (at very low nutrient concentration, uptake rates are higher for smaller phytoplankton)
- Larger phytoplankton can be directly consumed by larger crustaceans (like krill) and smaller fish (anchovy/sardine) thus reducing the number of steps from phytoplankton to fish
- These areas tend to also have higher fish productivity as shorter food chains are more efficient (if we imagine that there is some loss in productivity with each step in a food chain we can see why this is the case)


	Elaborate
How can my students apply their new knowledge to other situations? 
	T: Now that students have an understanding of general spatial patterns ask:
Q1: how these might spatial patterns change seasonally? - we know the winds that generate coastal upwelling are strongest in the spring and weaker during the other seasons

Q2: What might drive interannual (year to year) changes?

T: Have students read an LA times article (pdf attached)

The article talks about how these recent warm events drastically change the ecosystem. 


	S: Problem Solving questions
(5-10 minutes)

Q1: Seasonally, productivity near the coast will be highest in the spring. Overall the region will look less productive the other seasons due to less upwelling. 

Q2: Interannually the El-Nino, La- Nina cycle will effect upwelling in the region. Typically, La Nina is associated with stronger upwelling conditions, colder temperatures near the coast, El Nino conditions bring warmer waters, less upwelling
 

S: Read LA Times Article (5 minutes)

	Evaluate 
How can I help my students self-evaluate and reflect on their learning? 
	T: Discuss LA Times Article
T: Ask students how as a scientist they might use these events to study how the region could respond to climate change. 
Q3: What comparisons could they make? 
Q4: What might make it difficult to compare these events to climate change?





	S: Critical Thinking Questions
(5-10 minutes)
Both Q3-4 are quite open-ended (I’ve provided some possible answers)
Q3:  
-The warming is expansive (not localized to one location), so it could show how the region as a whole responds to drastically warmer temperatures
-It could identify which species will be vulnerable to warming 
- Even though the baseline has only shifted 1 degree Celsius compared to these events (3 degrees Celsius), events as warm as this will continue to increase as the baseline continually increases

Q4: 
- These events occur rapidly (within a year or two years) which aren’t reflective of the effect of climate change. Won’t allow for a much evolution/adaptation within the ecosystem

- Warming tends to be localized to the surface, which won’t be the case as climate changes continues to impact the worlds oceans



Appendix: 
Links:
https://youtu.be/9FqwhW0B3tY?t=850 Open Oceans
https://youtu.be/p4pWafuvdrY Ocean Currents
https://www.nhm.ac.uk/discover/news/2020/may/ocean-ecosystems-more-sensitive-to-climate-change.html Ocean Ecosystems and Climate Change


 
