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Lesson Plan—Are Adelie Penguins Getting the “Cold Shoulder”?
Summary 
This activity allows students to use real scientific data to explore ecosystem dynamics; including competition and predator-prey relationships among three Antarctic penguins. Students will manipulate data using XCel Spreadsheet software to generate a graph to illustrate population changes observed in Adelie, Chinstrap, and Gentoo penguins between 1974 and 2010. A dataset for each species is provided. The penguin population and penguin diet datasets were collected in the Palmer Station Study region, which is part of the Long-Term Ecological Research program. This program began in 1992 and has been collecting annual data in this region (as well as numerous other regions in Antarctica) on a variety of ecological interactions. 
Background
Due to the changing climate and the warming of ocean water, Antarctica has experienced change to the polar ice and its food web.  Starting with impacts on the sea ice, the plankton and penguin populations, that rely on plankton as a food source, are changing.  Explore data about krill and the three types of penguins to uncover connections between ocean changes affecting polar life.
This lesson can provide formative and summative assessment of how the polar system is interconnected.  Teachers can monitor their student's progress by having the students work on the concept map,  and have it out for a daily evaluation as more information is discovered by the students. 
Students will first make prior knowledge connections between the main concepts on cards:  ocean temperature, Antarctic sea ice, diatoms, small plankton, krill, silverfish, salps, and penguins (Adelie, Chinstrap and Gentoo) by completing a concept map on paper or online.
Next, students will (graph), analyze and interpret the data about the relationship between krill and Adelie penguins.  Students may need to find out more information by asking questions, graphing real data and reading linked articles to help them make connections between the concept cards. They will construct their concept map by providing evidence from real data and online sources. 
This lesson will assist students in establishing the big picture of the Antarctic food web and the changes that are occurring due to changes to the ocean.  Students will be exploring how to utilize data by graphing and analyzing it to look for patterns.  The datasets they will use are from the Palmer LTER Datazoo. Students will be working on interpreting data for stability and changes within the Antarctic ecosystem.
 [TAGS: Please include a short list of keywords or tags to help organize lessons.]
Climate Change impacts; Antarctica; penguins; Food web
Key Concepts

· List the major concepts addressed in your lesson

· Interconnectedness of the Antarctic Food Web

· Impacts of environment changes (ocean temperatures) on the food web

· Align with the NGSS Disciplinary Core Ideas (Orange foundation box): http://www.nextgenscience.org/search-standards-dci
· Practice:  Analyze and Interpreting Data

Analyze and interpret data to provide evidence for phenomena. 
· DCI:  MS-LS2-4:  Interdependent Relationship within Ecosystems

· CCC:  Stability and Change

Small changes in one part of a system might cause large changes in another part. 
· Align with the NGSS Disciplinary Core Ideas (Orange foundation box): http://www.nextgenscience.org/search-standards-dci 

Objectives

Include clear, measurable statements of what students will be able to do, such as:
Students will be able to:
· Interpret graphs to explain relationships in krill and penguin populations 
· Look at and discuss large data sets.  

· Use data collected by polar scientists over a long time period to gain a better understanding of how the changing climate is impacting polar species.

· Demonstrate an understanding about the impacts of increasing ocean water temperature on the Antarctic food chain
· Communicate connections through the use of a concept map
Materials

· Include any additional worksheets or resources

· Computer access is strongly recommended in the revision capability as well as being able to link digital sources.   Concept map template (this needs to get approved and then we will publish the link).

· Concept cards (this can either be a card or on screen) with the organism or event on it.  An enrichment activity would be to go into a bit of detail exploring what is going on with whatever is on the card,  for instance,  range,  size, temperature.

· Links to articles/videos (teacher resources specifically referenced in Appendix) is located in References, other reference links are also included in References.

· Optional: map of Antarctica for reference (waiting for link to have one sent to teacher)

Procedure

1. Include the step-by-step procedure for completing the lesson

The procedure that follows is designed to encourage students to ask questions and make connections between the biotic and abiotic players in the Antarctica Western Peninsula.  Depending on available time and readiness of students,  a teacher can choose to use all the enrichment activities,  and include the impact of iron and other nutrients,  or,  for time and complexity,  iron and the enrichment activities can be left out.
1. Students will be asked to share what they know about Antarctica and its food web.

2. Brainstorming can be recorded on on a whiteboard, blackboard or in student journals. 

3. Individual students will design and create an initial concept map that she or he will be revising through the course of the unit. 

. Teachers Note: Each day should end with individual student’s revising their concept maps. Teachers may choose to review these revisions. 

a. Teacher will divide students into groups of 3 or 4. 

a. The 10-11 concept cards will be divided equally among the students in the group. Each card will be a part of the Interactions in the Antarctic Peninsula concept map. 

. Teacher Note: Students will either graph the data themselves, use the provided graphs or use web links to become experts. As of the original writing of the lesson, only four concept cards (the three penguin numbers and percentage of Adelie penguins involves actual graphing). The teacher may to monitor the division of labor per student groups. 

a. Students will be given access to the data (and instructions) to graph real data from the  LETR as well as online resources. The resources are found under the Resource section (after Assessment). 

a. Students will add their thoughts on the content and conclusions that they can draw to their cards.

a. Students will then jigsaw out into groups based on topics.   This may need to be done multiple times to make sure students all have a chance to talk to other students that looked at the same topic as they did.  The students will then share information with each other,  and try to add more detail to each of their individual cards they should add what they have found in the discussion in a different color pen or pencil to show evidence of their participation in the discussion.

a. The students will then return to their original groups,  and talk to their fellow group members about what they have learned about their topics.   

a. - Students will make a final revision of their concept maps and try to add as much detail as possible to the explanations of the links of their concept maps. 

Assessment

· Performance—what will students do during the lesson to demonstrate understanding?
· Product—what will students produce to demonstrate understanding?

· Assessment should be directly related to the lesson objectives
· Assessment rubrics that you would use in the classroom are also helpful
· As students look at the data and evidence sets,  students will continue to modify their concept maps as they try to solve the mystery of what is driving the decline of the Adelie penguins.   This will also provide the teacher with feedback of how the students are proceeding.
· Performance--  Students will be showing their knowledge daily in class discussions,  and modifying their content map.  They will make connections by drawing lines between the different concepts,  and can draw more lines for a stronger link,  less lines or dashed lines for a weaker link. Students should be able to explain why they made the links that they did (and possibly citing the sources of the information on the digital concept map).
· Product—A final concept map for each individual student. 
· Each students will pick and explain, in detail the multiple links that they have made between different concepts on the map.    Differentiation Note:   Students can be challenged by looking for either a greater variety of links or greater depth and more evidence to support their connections.
· A generic concept map is provided under Resources for a teacher to review, however, depending on the students’ level, more or less evidence may be required to support the connections.
Additional Resources

Please list any Web sites, books, publications, or other resources that would be helpful for teachers or students preparing for this lesson.

Appendix
	Teacher Resource
	Type
	Where found
	What Data set will show

	Palmer LTER
	Data Catalog for the Palmer LTER site in Antarctica
	http://oceaninformatics.ucsd.edu/datazoo/data/pallter/datasets

	Tutorial:
https://www.mbari.org/wp-content/uploads/2016/01/PolarICE_EARTH_AccessingPalmerLTERDatazooInstructions.pdf

	Shrinking Sea Ice/Melting sea ice
	Article
	http://earthobservatory.nasa.gov/IOTD/view.php?id=7187
	The antarctic sea ice has been steadily decreasing over time

	Changing plankton populations
	Article
Graph
	http://www.scientificamerican.com/article/phytoplankton-population/
Graph on krill and salp populations over time
	Researchers have seen seen phytoplankton decline due to an increase in sea temperature
Graph shows that when salp populations are high, krill are low (2015 is the only year where the numbers look somewhat similar, 50:50).

	Changes in Krill population  (feeding strategies)
	Article

	https://www.theguardian.com/environment/2005/oct/19/frontpagenews.climatechange
http://www.nytimes.com/2015/10/20/science/australia-antarctica-krill-climate-change-ocean.html?_r=0
	As it gets warmer the amount of krill go down

	Food changes in Adelie penguins’ diet
	LTER data from 1990s with instructions on how to gather and graph
Data from 1970s to 1980s just giving overall totals 
	Teacher handout (could be adapted for students)
Teacher handout (could be adapted for students)
	Adelie penguins have shifted from higher calorie silverfish (higher fat)  to lower calorie krill that they must consume in larger numbers.

	Changes in salp population (feeding strategies)
	On line 
	http://www.antarctica.gov.au/about-antarctica/wildlife/animals/salps  
	Article discusses the role of salps and krill in the Antarctic food web

	Changes in Adelie population
	Chart and graph
	Excell data and graph based on Palmer Station data
	Population has declined from 1974 to present 

	Changes in Gentoo population
	Chart and graph
	Excell data and graph based on Palmer Station data
	Population stays flat till 1998-1999 and then it dramatically increases

	Changes in Chinstrap population
	Chart and graph
	Excell data and graph based on Palmer Station data
	Chinstrap shows a slow but steady increase


References on the species
Encyclopedia of life  (EOL) resources, this includes information about the key species in the investigation,  and explains (with the penguins)  mating,  habitat,  and feeding. 
Adelie penguins http://eol.org/pages/1049602/overview 
Gentoo penguins http://eol.org/pages/1049603/overview 
Chinstrap penguins http://eol.org/pages/1064980/details 
This is the EOL articles on the feed species of the penguins of the Antarctic region 
Antarctic silverfish http://eol.org/pages/223358/overview 
Antarctic krill http://eol.org/pages/509402/overview   and  http://eol.org/pages/509426/overview
http://species-identification.org/species.php?species_group=euphausiids&id=82 
Diatoms http://eol.org/pages/898760/overview 
https://www.fort.usgs.gov/sites/default/files/products/publications/22444/22444.pdf 
https://taxonomic.aad.gov.au/?page_id=29
Food web http://www.landcareresearch.co.nz/science/plants-animals-fungi/animals/birds/penguins/antarctica-facts/marine-food-web
Article references
DATA SOURCES: 
· Penguin Data: Ducklow, H. W., K. Baker, D. G. Martinson, Q. L.B., R. M. Ross, R. C. Smith, S. E. Stammerjohn, M. Vernet, and W. R. Fraser. 2007. Marine pelagic ecosystems: the West Antarctic Peninsula. Philosophical Transactions of the Royal Society of London 362:67-94. https://lternet.edu/node/157 .

· Krill Data: Frasier, William. Polar Oceans Research. Adelie Penguins diet studies, collected at Palmer Station Antarctica research area. 1991 - present. http://oceaninformatics.ucsd.edu/datazoo/data/pallter/datasets?action=view&id=89 .

This link provides a very rich article that includes information on the change in the number and type of penguin,   and the location of the survey sites.    There are a ton of useful links found on the column on the right: https://www.environments.aq/emerging-issues/changes-in-penguin-distribution-over-the-antarctic-peninsula-and-scotia-arc/  
This link is to an article on the change in krill,  and shows how availability has changed over time,  includes graphs showing trends. http://www.pnas.org/content/108/18/7625.full.pdf  
Nice penguins graph link,  this is a forum,  with discussion,  but the graphs could be useful in a classroom setting. http://www.peakprosperity.com/forum/definitive-global-climate-change-aka-global-warming-thread-general-discussion-and-questions/71?page=20 
This scientific paper is based on a multi year study of multiple sites,  it contains multiple links to other studies,  shows location,  graphs of change in population,  discussion and suggestions for further study.  
http://onlinelibrary.wiley.com/doi/10.1890/11-1588.1/full
Popular article on penguin decline.  This is not a scientific paper,  and can be used with students with lower reading levels,  or as an introduction to the problem.   It does not include graphs,  or locations
http://www.livescience.com/13661-penguin-declines-antarctica-sea-ice-krill.html
Interactions in the Antarctic food web in summer and winter,  students can open a clickable diagram that shows how the different species in the Antarctic interact.
http://polardiscovery.whoi.edu/antarctica/ecosystem.html
Woods Hole article on the Antarctic food web and more on how the different species interact at the pole  
http://polardiscovery.whoi.edu/antarctica/ecosystem.html
A 5 minute video on Adelie penguins https://www.youtube.com/watch?v=-9EbdayGTQQ 
Additional Activities
A handy food web game
http://coseenow.net/antarctica/Act%202%20Lesson%20and%20Activity.pdf
Extensions
Exploring the caloric differences between Krill and Silverfish
Exploring the minimum weight for an Adelie chick to survive
Exploring the distance to travel to food and survivability
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