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THEMES AND IDEAS

High latitude ecosystems |
are changing rapidly

- Sea Ice losses

B. Heimlich (UGA)


Presenter Notes
Presentation Notes
Key points to be made by this talk.  I will emphasize that 1) there is more to climate change than just warming, 2) the impact of climate change has gone beyond the sensitive high latitudes (where numerous data sets clearly indicate major climate system changes) and is now clearly global; 3) some marine organisms will do better and others will do worse under climate change - the ecosystem and biogeochemical implications will be sensitive to how communities are structured and restructured; 4) the ocean has taken up significant anthropogenic carbon, but our ability to continue to count on these sinks is uncertain; 5) we ought to reconsider how we model oceans and ocean ecosystems to improve understanding of future conditions.   
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Global average is sum of regional variation...

Global Temperatures 2000-2009

m

.ﬁdf

7,/

AL

i

g

NASA - GISS

0

Relative to 1951-1970



Presenter Notes
Presentation Notes
Because of the high specific heat of water, the temperature change in the ocean, over 70% of the planet, has been fairly minor (with some clear exceptions).  Thus, the global warming of 1 degree C gets concentrated on about 30% of the planet (on land) and we can see this effect when we look at regional distribution of the warming.  High latitudes are showing the greatest impact so far.   Credit:  NASA GISS.  
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Antarctic sea ice extent is a bit of a mixed bag

Sea Ice Extent — Feb 2013 ‘ .
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| f st Antarctica declining rapidly due to
B * - changing winds

- Stammerjohn et al. 2008, 2012
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- Stammerjohn et al. 2008, 2012
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Marine life responds to physical change

Sea ice itself is critical habitat

Phytoplankton productivity depends on light
s and nutrients — impacted by freshwater input,
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Sea ice itself is critical habitat
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Sea ice itself is critical habitat
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Sea ice itself is critical habitat

Thomas and Dieckmann 2003

e



Arctic Marine Food Web
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Presenter Notes
Presentation Notes
The Arctic food web is characterized by ice algae first, then open water spring production. Both zooplankton and benthic faunal organisms consumer the phytoplankton bloom material.  Ultimately, this prey base supports both water column and benthic feeding higher trophic organisms.
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Until recently, northern Bering Sea ecosystems were characterized by extensive seasonal sea ice o
cover, high water column and sediment carbon production, and tight pelagic-benthic coupling of

organic preduction. Here, we show that these ecosystems are shifting away from these

characteristics. Changes in bielogical communities are contemporaneous with shifts in regional

atmospheric and hydrographic forcing. In the past decade, geographic displacement of marine i

mammal population distributions has coincided with a reduction of benthic prey populations, an \
increase in pelagic fish, a reduction in sea ice, and an increase in air and ocean temperatures. P
These changes now observed on the shallow shelf of the northern Bering Sea should be expected to

affect a much breader portion of the Pacific-influenced sector of the Arctic Ocean.
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Walrus Photo © Stephen Loring  http://www.mnh.si.edu/arctic/html/walrus.htmlhttp://www.arctickingdom.com/galleries/animals/walrus1.html

White squares with the number of calves found separated from adults 
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From the Ice Sheet to the Sea: An Interdisciplinary Study of the Impact of
Extreme Melt on Ocean Stratification and Productivity near West Greenland
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1978-86 (CZCS) to 1998-2006 (SeaWiFS)

Phytoplankton Changes:
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Penguin Populations in the Palmer Station region
(75% decline since 1975)
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Two forces appear to be
behind the formation of
polynyas: land-based
winds and wam,
upwelling currents.
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: a regularly occurring polynya just off the Dotson Ice Shelf in the Amundsen Sea



How is the Amundsen Sea
polynya taking up so much CO,
from the atmosphere?

Is this sink climate sensitive?
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“INSPIRE”

Teaming up with Pierre St. Laurent,
Eileen Hofmann, and Mike Dinniman
to model the region.

1. How is the iron transported from
the shelf to the polynya?

2. What is the long-term fate of the
sequestered carbon?

3. How linked to the ice shelf
dynamics?
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Presentation Notes
Key points to be made by this talk.  I will emphasize that 1) there is more to climate change than just warming, 2) the impact of climate change has gone beyond the sensitive high latitudes (where numerous data sets clearly indicate major climate system changes) and is now clearly global; 3) some marine organisms will do better and others will do worse under climate change - the ecosystem and biogeochemical implications will be sensitive to how communities are structured and restructured; 4) the ocean has taken up significant anthropogenic carbon, but our ability to continue to count on these sinks is uncertain; 5) we ought to reconsider how we model oceans and ocean ecosystems to improve understanding of future conditions.   


This research was funded by NSF Office
of Polar Programs,

Antarctic Organisms and Ecosystems
and also NASA IDS

As should be obvious from the presentation, | had
many, many great collaborators —too numerous to
mention here. I've tried to attribute data, figures,
and photos wherever possible.

Thank you!
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Presentation Notes
Jack Williams, USATODAY.com
Image Source:http://scrippsco2.ucsd.edu/images/graphics_gallery/original/mlo_record.pdf
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Presenter Notes
Presentation Notes
Figure 1. Schematic representation of the overall perturbation of the global carbon cycle caused by anthropogenic activities, averaged glob- ally for the decade 2002–2011. The arrows represent emission from fossil fuel burning and cement production; emissions from deforestation and other land-use change; and the carbon sinks from the atmosphere to the ocean and land reservoirs. The annual growth of carbon diox- ide in the atmosphere is also shown. All fluxes are in units of PgCyr−1, with uncertainties reported as ±1 sigma (68% confidence that the real value lies within the given interval) as described in the text. This Figure is an update of one prepared by the International Geosphere Biosphere Programme for the GCP, first presented in Le Que ́re ́ (2009). 
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Note: default smoothing.

Maria: this one is interesting as it really shows the outflow of the enriched dFe. See animation as well.
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