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LTER Palmer has maintained a 19 year time series along the West Antarctic Peninsula	
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The man!	





Temperature Trends (degrees C per year)	
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Larson-B ice shelf after its collapse	


Thanks to BAS & A. Clarke	



The WAP peninsula is experiencing the largest winter warming on Earth	



Black is British Faraday & Ukraine Vernadsky Station	


Red is US Palmer Station	



Mean Winter Temperatures	


Sea ice duration drops	



Air temperature	


increases over the	



peninsula	





Seasonal ice has 
declined over the 

few decades 
resulting to a 

climate migration 
to the South	



Sea ice dataSea ice data
courtesy of E.courtesy of E.

ChapmanChapman

Key Implications: Regional 
shifts in the sea ice has 

major ecological 
implications	
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Palmer Station in the present	



photo by Bill Fraser	





Plants at Palmer Station, 	


the greening of Antarctica	





Heat input from Antarctic Circumpolar Current (ACC - world’s largest ocean current = 
~30,000 Niagara Falls). The heat is driven onto the shelf by intensification of upwelling-

favorable winds.	



The WAP is the only 
location in the 

Antarctic where the 
ACC is adjacent to 
the shelf break.  The 
ACC is Antarctica’s 

warmest water 	





10 year analysis annual trends	



ice decline	





thanks to Doug Martinson	





Upwelling favorable winds result in Ekman mass transport offshore	





thanks to Doug Martinson	





2011: Eddies moving across shelf?	



~ 1.5 days	


~40-50 km	



~ 1 day	


~30 km	



~ 1 day	


~30 km	



~ 1 day	


~30 km	







Time series at Palmer Station	





What regulates phytoplankton blooms in this region?	
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15 year time 
series of radio-

carbon 
measurements 
also suggest a 

North & South 
gradient	



Vernet et al. DSR 2008	





The decadal changes have resulted changes in the phytoplankton	



Montes Hugo et al.  Science 2009	



The change in chlorophyll since the 1970’s	



The changes driven by a decline in sea	


 ice, wind and sun	





When chlorophyll is high,  phytoplankton cells are big and are largely 
diatoms	



Montes Hugo et al. 2009	



1977-1985	



1998-2008	





80% of the chlorophyll variance 	


can be explained by diatoms.	



The next most significant player 
are the cryptomonads (~15%)	







Data from the 20 year 
Palmer time series	







modified UCDW	


	



sea ice melt	


winter water	





Moline et al. 	


GBC 2004	





20 year ship grid data from across the Peninsula	





Moline et al. 	


GBC 2004	





A general feature in the warming WAP?	



V illafañe et al., 1995;
Kang, S-H et al., 1997;
Kang, J-S et al., 1997

Location Reference
South Shetland Islands

Lancelot et al., 1991;
Nothig et al., 1991
Tréguer et al., 1991;
Buma, 1992;
Mura et al., 1995;
Kang and Lee, 1995;
Aristegui et al., 1996

Weddell-Scotia-
Bellingshausen
Confluence Areas

McMinn and Hodgson, 1993Ellis Fjord

Kang and Lee, 1995;
Kang et al., 1995

Bransfield Strait

Krebs, 1983Anvers Island
Whitaker, 1982Signy Island

Historical Data



Slope has a 3.7-fold 	


difference	



Biogeochemical consequences	



fCO2 calculations: seawater pCO2 from DIC and Alk, 
CDIAC code, Alfred Wegener Institute for Polar and 
Marine Research, atmospheric pCO2 from Jubany 
Station (1994->), Kw from Liss (1973). NOAA 
independent dataset to validate Chl- pCO2 
relationships 



Zooplankton are dominated by krill or salps	



Krill greatest biomass of any animal on earth	













Is there an impact on higher trophic levels?	







One focus idea of the LTER is testing, is that system is undergoing climate migration. We 
have structured sampling around the major Adelie penguin breeding areas along the 

peninsula. 	



To be expanded by NASA 
grant awarded in Dec.	
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areas for Adelie	


penguins	
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Anvers Island	
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Changing diets for the 
Adelie penguins	









If that was not enough, warmer temps leads to more moisture and 
more snow.  Breeding failure...........	











Old Day Communication	
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Enhanced productivity is associated with the warm upwelled water	





Glider measurements of Fv/Fm indicate that the 
phytoplankton populations associated with 

upwelling are healthy	









Results from the 2011 field season: Tidal structuring of the penguin foraging	


Moline, Oliver, Frazer, Kohut, Schofield	



Radio-tagged penguins	


Adelie (blue)	


Gentoo (red)	



Chinstrap (green)	

 Blue = semi-diurnal tides	


Red = diurnal tides	





Glider currents	





The OOI Observing System Experiment (OSE)  
Nov 2 to Nov 13 2009 

Idea of Test	


(May 2009)	



Virtual  Test	


(Sep 2009)	



Wet  Test	


(Nov 2009)	





The OOI Observing System Experiment (OSE)  

Scientific 
community	



Marine	


operators	





The OOI Observing System Experiment (OSE)  



The OOI Observing System Experiment (OSE)  

Distributed decision 
making 	



using live web 
service tools	





The OOI Observing System Experiment (OSE)  

How well 	


did we do?	





The OOI Observing System Experiment (OSE)  



The OOI Observing System Experiment (OSE) Nov 2 to Nov 13 
2009 

Hyperion on EO-1	


7.5 km by 100 km 	


(30 m resolution)	







Conclusions:	


Minor variations in the ocean state can have profound impacts on 

polar ecosystems	


These profound changes are occurring in many polar oceans, changes 

appear to be accelerating	


New technologies offer a mode to study and understand these 

changes, so it is time hopefully speed up our uphill trek to quantitative 
understanding, animals will help show us the way	






