	Educational Resources

Ocean Acidification in High –Latitude Seas


Fact Sheets & Overviews
Ocean Acidification: the other CO2 problem. NRDC. 2009.

State of the science: ocean acidification. NOAA. May, 2008.
R.A. Feely, C. L. Sabine, and V.J. Fabry. 2006. Carbon dioxide and our ocean legacy.  http://www.thew2o.net/events/oceans/docs/ocean_acidification_4-5-06.pdf
Websites
University of Alaska Fairbanks Ocean Acidification Research Center. http://www.sfos.uaf.edu/oarc/ 

NOAA Pacific Marine Environmental Laboratory ocean acidification website.
Question & Answer about Ocean Acidification with Simone Alin, PMEL
Ocean Acidification Resources. World Ocean Observatory. http://www.thew2o.net/events/oceans/oa.php
Videos, Films, PowerPoints, and Podcasts
Alaska Center for Climate Assessment and Policy. 
Ocean acidification: what it means to Alaska. Jeremy Mathis, Professor, School of Fisheries and Ocean Sciences, University of Alaska, Fairbanks. Webinar. March 23, 2010. 
View the webinar video (46.7 MB MP4)
Listen to the webinar Podcast
Presentation/Slides: Ocean Acidification: What it means to Alaska
Read the Alaska Journal of Commerce story: Research expands to "sister" issue of global warming
Climate change in the ocean: acidification by atmospheric carbon dioxide. Jeff Short, Auke Bay Laboratory, National Marine Fisheries Service, Juneau. Webinar. September 23, 2008. 
Listen to the webinar Podcast
Download Presentation: Climate Change in the Ocean: Acidification by Atmospheric Carbon Dioxide 
Listen to radio coverage of this teleconference:
Ocean acidity threatens Alaska waters. Bonnie-Sue Hitchcock. KCAW Raven Radio, aired Sept 23, 2008.
National Science Foundation. To What Degree? Series on climate change science. http://www.nsf.gov/news/special_reports/degree/carbon.jsp 
What will Increased Carbon Do to Life the Ocean? Scott Doney, Martin Kennedy, Christopher Sabine. 
How Does Carbon Get into the Oceans, and How Much is There? Scott Doney, Margaret Mulholland, and Jackie Grebmeier.  
Is the Oceans’ Ability to Absorb Carbon Decreasing? Scott Doney and Martin Kennedy. 

Oregon State University 
Video series with Dr. Richard Feeley:
What is ocean acidification? 
How are ocean animals affected? 
How will ocean ecosystems be affected?
Demonstration of ocean acidification by Jane Lubchenco at Congressional hearing, 12/03/09.
Part 1. http://www.youtube.com/watch?v=dFqu6DpQlO4
Part 2. http://www.youtube.com/watch?v=U5gT1Wr4WGY&feature=channel    

ABC News: 11/13/08  http://www.youtube.com/watch?v=fJbyC-eqrfs&feature=related
ABC News: “osteoporosis of the sea” food  chain effects, Sylvia Earle, tie to carbon emissions http://www.youtube.com/watch?v=W9cS0rl_NyI&feature=related
ScienceCentral with Dick Feeley and Chris Sabine. http://www.youtube.com/watch?v=818TrQmBJ2A&feature=fvw 

Acid Test: the global challenge of ocean acidification. Natural Resources Defense Council. Narrated by Sigourney Weaver. Can be viewed online and ordered free as a DVD (21 minutes).

A Sea Change - Imagine a World without Fish. Trailer, information about screenings, and DVD orders.

Lesson Plans
Virtual Urchin – lab tutorials for sea urchin reproduction and effects of ocean acidification http://virtualurchin.stanford.edu/
Acidic Oceans. Grade 6-8. The carbon cycle and ocean acidification. Bamfield Marine Sciences Centre. http://oceanlink.island.net/ONews/ONews7/acidic_oceans_lp.html
Off Base. Grades 9-12. Chemistry lab experiments focused on ocean pH and what regulates it. NOAA Ocean Explorer program. 
Dissolving Issues: ocean acidification. Grades 9-12. Oregon State University.

Global Warming and Ocean Acidification. Developed at a Monterey Bay Aquarium Education and Research: Testing Hypotheses (EARTH) Workshop.
Ocean Acidification Science Kit lesson plans. Grades 6-12. Center for Microbial Oceanography: Research and Education (C-MORE). http://cmore.soest.hawaii.edu/education/teachers/science_kits/ocean_acid_kit.htm
Animations
NOAA’s Carbon Tracker. Ocean acidification, 1765-2025, Science-on-a-sphere application.
http://www.youtube.com/watch?v=viTKWrMZryk&feature=related
Essentials of the chemistry of water molecules and pH.  http://www.johnkyrk.com/H2O.html
pH scale: http://www.purchon.com/chemistry/ph.htm 
“If you have a Nobel Prize for chemistry or would like one, please do not complain about this page because you know a more complicated explanation of pH. This page is intended for good science students to help them remember which way round the pH scale runs.”
Other animations related to understanding  the chemistry of ocean acidification: http://www.thew2o.net/events/oceans/oa_concepts.php
· Carbon cycle that shows pathways between terrestrial and oceanic carbon

· Human input of carbon to the atmosphere thru deforestation and fossil fuels

· Polarity of water molecules

· How Ionic Compounds Dissolve (NaCl)

· Buffers 
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Science News Articles
University of South Florida. 2010.  USF study shows first direct evidence of ocean acidification.
January 20, 2010. http://insciences.org/article.php?article_id=8163

The Socioeconomic Costs of Ocean Acidification. Oceanus. Woods Hole Oceanographic Institute. January 8, 2010. 
Rise in human-made carbon dioxide affects ocean acoustics. ScienceDaily. December 23, 2009. http://www.sciencedaily.com/releases/2009/12/091222105507.htm Adapted from materials provided by University of Hawaii at Manoa, via EurekAlert!, a service of AAAS.
Madin, Kate. 2009. Ocean Acidification: a risky shell game. How will climate change affect the shells and skeletons of sea life?  Woods Hole Oceanographic Institute December 4, 2009. http://www.whoi.edu/oceanus/viewArticle.do?id=52990 
Fabry, V.J., J.B. McClintock, J.T. Mathis, and J.M. Grebmeier. 2009. Ocean acidification at high latitudes: the bellweather. In The Future of Ocean Biogeochemistry in a High CO2 World. Special issue of Oceanography published by The Oceanographic Society. December, 2009. http://www.tos.org/oceanography/issues/issue_archive/issue_pdfs/22_4/22-4_fabry.pdf 

Ocean Acidification - From Ecological Impacts to Policy Opportunities. 2009. Special issue of CURRENTS. Magazine of the the National Marine Educators Assoc. Volume 25, No. 1. Single copies of the issue can be ordered for $6.25 each from Johnette Borsarge, NMEA, 703 East Beach Dr., Ocean Springs, MS 39564. 
UAF School of Fisheries and Ocean Sciences, Fall, 2009. Newsletter. Ocean Acidification: a risky shell game. Woods Hole Oceanographic Institute press release. 
Ries, J.B., Cohen, A.L., and McCorkle, D.C. Marine calcifiers exhibit mixed responses to CO2-induced ocean acidification. Geology 37(12): 1131-1134, 2009.Article
Yamamoto-Kawai, M., F. A. McLaughlin, E. C. Carmack, S. Nishino, K, Shimada. Aragonite undersaturation in the Arctic Ocean: Effects of Ocean Acidification and Sea Ice Melt. Science, November 20, 2009. Vol. 326. no. 5956, pp. 1098 - 1100. Abstract Summary in oceanseanet blog post ""Sea Ice Melt has Implications for Ocean Acidification".

Bates, N.R., J.T. Mathis, and L.W. Cooper. Ocean acidification and biologically induced seasonality of carbonate mineral saturation states in the western Arctic Ocean. Journal of Geophysical Research Oceans. 11/5/09. Abstract. Summary in oceanseanet blog post ""Sea Ice Melt has Implications for Ocean Acidification"
Timothy Wootton, Catherine A. Pfister, and James D. Forester. Dynamic patterns and ecological impacts of declining ocean pH in a high-resolution multi-year dataset. Proceedings of the National Academy of Sciences. November 24, 2008. Abstract

Rebecca A. Gooding, Christopher D. G. Harley and Emily Tang. Water temperature and carbon dioxide concentration increase the growth of a keystone echinoderm. Proceedings of the National Academy of Sciences. April 22, 2009. Abstract
Secretariat of the Convention on Biological Diversity. 2009. Scientific Synthesis of the Impacts of Ocean Acidification on Marine Biodiversity. Technical Series No. 46. Montreal. 61pp. Article.

The Monaco Declaration on Ocean Acidification. UNESCO. 2008. Summary
University of Chicago. 2008. Oceans growing more acidic faster than one thought: increasing acidity threatens sea life. 11/26/08.  Science Daily (Adapted from original source: AAAS EurekaAlert!) 
Doney, S.C. 2006. The dangers of ocean acidification. Scientific American, March, 2006. Available online with payment: http://www.sciamdigital.com/index.cfm?fa=Products.ViewIssuePreview&ARTICLEID_CHAR=50122820-2B35-221B-626612E462F87684 
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