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Global Warming and Ocean Acidification
Summary

Global Warming is in the news day after day. We here about increased air temperatures, melting glaciers, changes in rainfall patterns, etc. Most of the discussion centers around atmospheric and land-based CHANGES. When the oceans enter the discussion they heralded as the answer. The thought is the ocean is large and can act as a mudroom sink-anything can go into it with changing how it functions. One plan is to fertilize the oceans with iron to increase primary productivity of algaes and lower atmospheric CO2 levels. Sequestration of carbon from our atmosphere into abandoned oil fields is another. We are just beginning to understand the impact that rising CO2 levels in the atmosphere caused by humans can have on the oceans. The four lessons below are designed to walk students through the connections and possible outcomes global warming. Each lesson is designed to stand alone (with some teacher inspired background) or be part of a larger unit
Key Concepts

· Ocean acidification is part of the biogeochemical cycles. 
· Scientists communicate information.

· The relationship between atmospheric CO2 levels and organisms living in the ocean.

· Understand the relationship between biotic and abiotic factors in the world.

· A good resource is the AAAS benchmarks, which provide a framework for K-12 expectations: http://www.project2061.org/publications/bsl/online/bolintro.htm 
· Don’t get bogged down in this!!  (Do this part last…the most important thing is the lesson itself.) (
PART I Relationship between CO2 in the air and CO2 in the seawater
Objectives
Include clear, measurable statements of what students will be able to do, such as:

· Observe real data from observing stations in the ocean.
· Demonstrate the ability to read a graph
· Communicate ideas between groups and class. 
· Evaluate a graph for trends in data
· Use real data to draw conclusions about global phenomena.
Materials

· Internet access or pre-printed graphs
· Pens/pencils

· Recording paper
Procedure
1. Pair up with another student and go to http://www.pmel.noaa.gov/co2/moorings/papa/papa_main.htm. Once there click on the Data from 50N, 145E on the left side of the page. This will link you to a page with two graphs. 

2. Look at the two top graphs and answer the following questions for each graph:

Per our discussion on Tuesday afternoon, I think a teacher would need a key to what a lot of this information stands for (ex xCO2). This may be asking a lot of students and teachers.
What is the title of the graph?

What is the X-axis? And units?

The Y-axis? And units? 

What are the scales for both axes? Do you understand what these scales mean?
How many variables are being measured?

What relationship does the graph show? Answer this in more than one sentence. 

What questions do you have after looking at this graph?
What kind of data would you need to access to collaborate your thoughts?

Which seems to be more stable.. the CO2 in the atmosphere or in the surface waters? Why do you think this could be ?

Why do you think this data might be valuable to someone studying climate change and it’s effects on the ocean?

3. Discuss the questions and what the graphs show with the rest of the class.

EXTENSION:

1. Go to http://www.pmel.noaa.gov/co2/moorings/ mooring home for

2. Click on one of the other 8 sites measursing this same data (the red dots correspond to a different buoy).

3. Compare these graphs to the ones you looked at earlier. 

Assessment
· Performance—Students will communicate their thoughts to others in the class. 
· Product—Students will interpret a graph in writing. 
· Assessment should be directly related to the lesson objectives
· Assessment rubrics that you would use in the classroom are also helpful
PART II EFFECT OF INCREASED CO2 in the ocean on pH
Objectives

Include clear, measurable statements of what students will be able to do, such as:

· Observe and identify patterns seen on different graphs.
· Inquire about the relationship between CO2 and pH in saltwater.
· Demonstrate the ability to plan and execute a lab procedure.
· Communicate results of their experiment to the class.
Materials
1. Internet access

2. Pens, pencils and paper

3. pH paper/ pH probe or indicator solution

4. straws

5. flasks

6. saltwater 

7. CO2 sensor

Procedure

1. Have students go to: http://www.nature.com/nature/journal/v425/n6956/full/425365a.html and scroll down to Figure 1, part a (on the left). Click on the figure to enlarge it. 
a. What three factors does this graph show (again just the one on the left)? What seems to be the projected relationship to more CO2 in the atmosphere?

2. .Go to http://www.bbsr.edu/Labs/co2lab/research/IntDecVar_OCC.html . Scroll down to Figure 1 and look at the two graphs with CO2 and pH (the last two graphs on the page). 

b. Compare scales for all axes. Can you compare the two sets of data? What do these graphs show?

3. Does the data from the graphs at both sites seem to be in agreement? Evaluate.

4. Give students some equipment and have them come up with a trial demonstrate this relationship (water, pH probe or indicator like bromthymal blue or pH paper, straws, saltwater source with a slightly basic pH, CO2 sensor (perhaps).

5. Students present their experiment to the class (format can vary PP, white board, etc).

Assessment

· Performance—will demonstate an understanding of the relationship between aqueous CO2 and pH levels in the ocean.
· Product : Students will produce an oral presentation to the class explaining their own  laboratory protocol. 
· Assessment should be directly related to the lesson objectives
· Assessment rubrics that you would use in the classroom are also helpful
PART III EFFECT OF LOWERED pH on Ocean organisms.
Objectives

Include clear, measurable statements of what students will be able to do, such as:

· Observe and identify form and function in marine organisms.
· Draw correlations between lower pH and calcification of some marine organisms.
· Demonstrate the ability to form hypotheses.
· Demonstrate the ability to find supporting data on the internet.
· Defend their ideas in a public forum.
· Incorporate real data into a defenense of their ideas.
Materials
1. Internet access, textbooks, other reference materials

2. Posterboard (optional) or some other material for wall hanging

3. Three Little Pigs story (optional)

4.      Organisms already laminated for smaller kiddos.

Procedure

Older students:

1. Split students into groups and have them look up pictures and descriptions of the following (using textbooks, the internet, other reference materials):
Coccolithophores, pterods, forminferans, sea urchins, larval sea stars,
deep sea corals, oysters and clams
2. Once they have a PP slide or poster of their information, have them walk around the room to observe other PP or posters.

3. What do these creatures all have in common? (carbon containing skeletons)
4. If appropriate, go over the equations of carbon dissolution OR have a teacher lead-discussion on what might happen to such skeletons/tests in a more acidic ocean environment? A nice visual can be found on page 62 of the March 2006 Scientific American The Dangers of Ocean Acidification. 
5. Based on what you understand about carbonate skeletons in the ocean, what might happen to these organisms if the pH of the ocean continues to drop? Write down your hypothesis. 

6. Have students search on the internet for information to back their hypothesis? Have there been controlled expermiments to validate it? Past fossil records? Current ocean observations? What affect might the dissolution of these skeletons have on the ocean environment.

7. Have students present their findings to the class or construct a poster or pamphlet to show their research. 

Younger Students:

1. Present the students with pictures of cocolithophores, molusks, (PROVIDE PICTURES from mbari’s data base).

2. Discuss with students what seems to be the purpose/function of the “skeletons” of these organisms. Do these organisms live inside these structures? Where do most humans they know live inside of (poor wording)?

3. Read the Three Little Pigs. What is the difference between the pigs that live in the straw and stick houses as opposed to the pig that lives in the brick house? 

4. Open up the file below with pictures of different organisms (labelled A, B, C, D). 
Sort the pictures into piles for those organisms that correspond to houses of straw and those that correspond to house of brick. Would any fall into the house of wood pile?
PART IV: Is the data crystal clear?

Objectives

Include clear, measurable statements of what students will be able to do, such as:

· Observe and identify the importance of data in illustrating a concept.
· Become science-literate and understand the relationship between data and graphs.
Materials
1. Internet access

2. Pens, pencils and paper

Procedure
1. Go to http://cdiac.ornl.gov/oceans/glodap/Glodap_home.htm and click on Results in the lower left corner. Click on the map to enlarge. This shows the transects done as part of the WOCE/JGOFS global survey.
2. Now go to the March 2006 Scientific American article (linked in resources) and look the ocean’s changing acidity on page 62.
3. Discuss how this data was compiled. Is it good data,  a hypothesis, one person’s idea? HINT: refer back to the map above (#2, part 5). 
Assessment

· Performance—Students will argue if a set of data is valid or not in a scientific area.
· Assessment should be directly related to the lesson objectives
· Assessment rubrics that you would use in the classroom are also helpful
Additional Resources
Please list any Web sites, books, publications, or other resources that would be helpful for teachers or students preparing for this lesson.

At this time, these are in no particular order……
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formed when fluids containing suspended

particles flow down a vertical surface.

Yoghurt running down the side of a pot, for
example, s cut through by vertical, branched
channels, whereas honey tends to break up
into wavy horizontal bands. The researchers

JOURNAL CLUB

showed good performance — particularly
in having high ‘mobility, a measure of how
readily current can move through them. The
nanotube arrays could also be transferred
from the quartz onto plastic substrates, which
couldbe usefulin flexible displays.

€O, dissolvesinseawater,

lowering the pHof the ocean's

Adina Paytan
Stanford University, California

Apalaeoceanographer worties
notabout corals, but about
coral reefs.

surface layer.
We expect thisto create
problems for marine creatures that
precipitate their skeletons from
calcium carbonate, because the

mineral dissolves in acid. Some

Tounderstand what the
consequences of human-induced
€O, increases might be, I study how
atmospheric CO, concentrations
fluctuated inthe past.

One outcome of high
atmospheric CO, that s inevitable
is ocean acidification. Atmospheric

researchers have suggested that
scleractinian corals might even be
drivento extinction.
Butwhat does the geological
record tell us? Corals' reef-
building fossils have appeared and
disappeared over the past 200
million years and despite periods

of elevated atmospheric CO,, the
organisms did not go extinct.

A recent experiment
(M. Fine &D. Tchernov Science
315, 1811; 2007) resolves this
apparent paradox. The team
grew scleractinian corals for a
year insea water with alower-
than-normal pH. They found that
the corals reproduced and grew
happily inthis acidic environment
—albeit without their hard
skeletons. The corals adjusted
their skeleton-forming physiology
inresponse tothe different
growing conditions.

> T
This approach predicted strong
interactions for some known microRNAs
and their targets. It also correctly ruled out
11 of 12 targets predicted for a particular
microRNA by sequence matching that were
not borne out by experiments.

So corals seem tobe quite
adaptable. But | would like toknow
whether other cakifying organisms
have such physiological versatility.
Moreover, we have to remember
that although corals may survive
in an ocean with alower pH as sea-
anemone-like organisms, they are
currently major contributors to the
intricate physical structure of coral
reefs. Whatwill be the future of
these ecosystems if their calcium-
carbonate scaffolding disappears?
Will our grandchildren enjoy
the spectacular beauty of these
‘rainforests' of the ocean?





http://www.nature.com/nature/journal/v442/n7106/pdf/442978a.pdf
Nature, Volume 442/31 August 2006  Sick Seas
Marine Biogeochemistry Lab

Bermuda Institute of Ocean Sciences

http://www.bbsr.edu/Labs/co2lab/research/IntDecVar_OCC.html 
Pacific Science Association Task force on ocean acidification

http://www.pacificscience.org/tfoceanacidification.html 

Scientific American  The Dangers of Ocean Acidification March 2006.
Nature September 2005 Anthropogenic ocean acidification over the tweny-first century and its impact on calcifying organisms www.nature.com/nature/journal/v437/n7059/pdf/nature04095.pdf
LOTS OF GREAT RESOURCES AT THIS LINK:

http://www.pmel.noaa.gov/co2/co2-home.html 
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Remove them, and you could remove a signifi-
cant fraction of the world’s clouds, warming
the planet yet further’.

Human imagination cannot easily cope
with the vastness of the oceans, or the com-
plexities that change within them can bring
about. But human industry faces no such
obstacle in making change unavoidable for
centuries to come. [ ]
Jacqueline Ruttimann is a freelance writer in
Maryland.

Additional reporting is by Alexandra Witze.
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NOAA’s ocean database

http://environmentdebate.wordpress.com/2007/06/29/welcome-to-the-anthrocene/
http://www.nature.com/nature/journal/v425/n6956/full/425365a.html
The Royal Society Ocean Acidification due to increasing atmospheric CO2 

http://www.jncc.gov.uk/pdf/BRAG_CC_RoyalSocietyOceanAcidificationReport.pdf 

Nature 425, 365 (25 September 2003) | doi:10.1038/425365a
Oceanography: Anthropogenic carbon and ocean pH

Ken Caldeira1 and Michael E. Wickett2
http://www.ipsl.jussieu.fr/~jomce/acidification/ Cold Ocean Acidification (good pictures)

http://www.ipsl.jussieu.fr/~jomce/acidification/paper/Caldeira_Wickett_2005_JGR.pdf 

http://www.pmel.noaa.gov/co2/uwpco2/155.html
http://www.pmel.noaa.gov/co2/uwpco2/eq_pacific.html 

http://www.seafriends.org.nz/oceano/seawater.htm 

http://www.acecrc.org.au/drawpage.cgi?pid=ace_internal&aid=797497 

http://www.afsc.noaa.gov/HEPR/docs/ocean_acidification_%20research_%20plan.pdf Forcast Fish and Marine Mammal population responses to ocean acidification in the North Pacific Ocean and Bering Sea

http://www.sciencemag.org/cgi/content/full/300/5618/480 

Got time?

If you have time before your presentation, it would be helpful for me for you to provide

· Relevant content standards—National Science Education Standards: http://www.nap.edu/readingroom/books/nses/html/6a.html
· Science skills (using the Essential Science Skills grid on the EARTH Web site: http://www.mbari.org/earth/skills.htm
· Ocean Literacy Standards:
http://www.coexploration.org/oceanliteracy/documents/OceanLitChart.pdf
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