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  Palmer Station and LM GOULD 
seen from Torgerson Island 

Adélie penguin colony (75% decline since 1975) 



Palmer LTER Study Region along the WAP 

Rothera Base (UK) 

Avian Island 

Sediment Trap 

Palmer Station (US) 

Hydrographic Grid 

Adélie Penguin Colonies 

Process Study Sites 

Slocum Glider Base 

Charcot Island 



Palmer LTER Study Region along the WAP 

Hydrographic (CTD-Rosette, Net Tows) 
Thermistor Moorings 



ARSV Laurence M GOULD 
1998 – 2010 ??? 



                 1. Climate change along the WAP 

Average winter (June-July-August) temperature (Faraday Base) 

+1.1oC per decade:  6oC (11F) since 1950:  5 x global average 

                                       -1.8oC (sea ice formation) 
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Surface air 
temperature 
and sea 
duration 
gradients 
along the 
WAP 

Warmer and 
less sea ice 
cover in the 
north; 
colder and 
more sea 
ice in the 
south. 

Reduction 
in sea ice 
duration: 90 
days since 
1978 
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Hypothesis: 
A climate gradient 
along the peninsula; 
Warm, moist maritime 
conditions migrating 
south, displacing 
cold, dry polar climate 

Warmer 
moister 

Colder 
drier 

Palmer 
Station 
in the grip 
of  warming 

Rothera 
Station (UK) 
Not as much  
change yet 

Larsen-B 
Ice shelf Collapsed 

2002 

Wilkins 
Ice shelf Collapsed 

2008 

Climate Migration Hypothesis 

Charcot Island 
Persistent summer 
Sea Ice 



          2. Regional climatologies and variability for  
selected oceanographic properties 

Derived from hydrographic grid 
surveys, 1993 – 2004 

Means and variability of spatio-
temporal distributions 
(climatologies) 

Empirical orthogonal function 
(EOF) analyses reveal major modes 
of variability. 

Canonical correlation analyses 
reveal interactions between 
variables. 

Deep-Sea Research Part II 
55 (18-19)  (2008) 



Palmer LTER Study Region along the WAP 
   E. Superba abundance   

Climatology, 1993-2004 



Tmax – warmest temperature in water column – indicator of ACDW input 

Don’t forget the MOVIE! 



SeaWiFS 
Climatology 
1997-2004 
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Primary Production (January) 1995-2006 



kilometers 

Sea Ice Advance (day)       Sea Ice Retreat (day)      Summer Mixed Layer (meters) 



The primary production 
climatology in time and space 
is driven by interactions among 
sea ice dynamics and mixed 
layer depth 



Changing phytoplankton community composition: 
Shifts from diatoms to cryptophytes (Moline et al 2004) 



            3. Ecosystem response to climate change:        

a)  Phytoplankton stocks and cell sizes      

b)   Apex Predators                                         

c)  Phasing (phenology) of sedimentation   



Recent Changes in Phytoplankton Communities Associated with Rapid 
Regional Climate Change Along the Western Antarctic Peninsula. 
Martin Montes-Hugo et al. Science 13 March 2009 Vol 323 (5920): 







Courtesy Zina Deretsky, NSF 

Summary: Sea Ice, wind and phytoplankton along the WAP 1978-2006 



Lots of Salps 



Green-blue-purple shading: 
Deeper water – troughs and 
canyons cutting across the 
shelf 

Penguin colonies proximal 
to canyons 

Penguins concentrate 
foraging activity over 
canyon heads and/or 
polynyas associated with 
canyon circulation features 

Penguins and  
Bathymetry 



Anvers Island 

Palmer Station 

Palmer Deep Canyon 

Glider Survey of Palmer Deep Adélie Penguin Foraging Region 
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Ocean circulation from the 
Webb-Slocum* Rutgers Glider 
                                            Jan 6-23 07 

            confirms that 
               surface circulation
                       pumps ACC water 
              (MCDW) onto shelf 



Palmer Deep Glider Survey: 
Penguins concentrate foraging 
activity over canyon heads and/
or polynyas associated with 
canyon circulation features 

Temperature 

Chlorophyll 

Anvers  
Island 

Palmer  
Deep 



Palmer Station Ham Radio 1988 Rothera Glider Recovery 2009 

Rutgers Univ COOL Room: Glider central 2009 



Penguin Populations in the Palmer Station region 

78% decline 



Avian Island, 400 km south of  Palmer: 65,000 pairs and growing 

Gene Burreson 



Changes in seals at Palmer Station 1975 - 2006 

Ice-dependent: Adélies, Crabeater & Weddell seals.    
Ice-independent: Chinstrap & Gentoo penguins, Elephant & fur seals Bill Fraser. 

Fur seals Elephant 
seals 

Weddell 
seals 



Sedimentation: export production 1993 – 2006 

McLane Mark IV 21 samples/yr 



Particle Sedimentation Rates 1993 - 2008 



PALMER STATION 1995 - 96  
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CONCEPTUAL MODEL OF MIZ DYNAMICS      
Ice extent & retreat        bloom        sedimentation 



Changing date of sedimentation peak: 1993-2007 

         Jan 03 ± 17 days             p<0.01              Feb 12 ± 16 days           
         149 ± 91 mmolC/peak     p< 0.05             68 ± 58 mmolC/peak 



            4. Bacteria – Phytoplankton Relationships 

Mean winter rate: 
5 pM/hr; July-Sept 2008 



Bacterial Production: Seasonal Cycle  
inshore near Palmer Station: 

Late summer peak 
Uniform variability throughout season 
Possible 4-5 year cycle following primary 
production rates 





PP=1.0 

DOC 

BACT 

0.09 

0.03 

0.09 

BP 

BR 
0.06 

Apparent Growth Efficiency 33% 

Scenarios: 
DOC limitation (low flux) 
More flux, lower BGE 

ZOOP 

+??? 

+??? 

??? 

+??? 
Mean ratio: 9% 

Bacterial production rates follow primary 
production, seasonally and interannually, but 
comprise a low fraction of the PP.  

Flux of labile DOC from healthy 
phytoplankton alone is sufficient to satisfy 
the bacterial demand, assuming reasonable 
growth efficiency 

Will BP change as PP responds to warming? 



Primary Production Rate              Bacterial Production Rate                      BP:PP 
           mgC m-2 d-1                                              mgC m-2 d-1                                             Ratio           

Production Rate Climatologies 2003 - 2008 



Variation in Antarctic bacterioplankton over the 
annual cycle - rarefaction 

winter 

summer 

A. Murray & J Grzymski, in prep 



NA α-Proteobacteria 

γ-Proteobacteria 
Bacteroidetes & Flavo 

Cyanos ? 

Summer:    Winter: 
Inshore – Offshore   Inshore 
North – South   North 
Surface -- Deep   Surface -- Deep 

Linda Amaral-Zettler, MBL-Bay Paul Center 

Preliminary 454 Sequencing Results 
Palmer Station, summer 



SUMMARY 
Rapid regional warming along West Antarctic Peninsula: 
+6C in winter since 1950 
Driven by interactions with winds and Antarctic Circumpolar 
Current 
Marine ecosystem responding at all trophic levels: 

 - Phytoplankton production  - in north,   + in south 
 - Local changes in penguin, seal populations 
 - Changes in penguin diets > in N than S 
 - Delay of annual sedimentation event 

Changes caused by climate-driven advances or delays in 
key life cycle events, disrupting the phenological couplings 
between trophic levels 

Yet to document changes in bacterial dynamics and 
communities 



AVIAN Island 
NOW 

Temporal (1974 – 2006) and geographic (500 km north-south) 
Changes in Antarctic silverfish (Pleuragramma antarctica)  in Adélie 
penguin diets 

Krill 
Fish 

Other 

Penguin stomach  
contents 

PALMER NOW and PAST 



Effect of physical environment: change in fish habitat space 
Coldest water in water column, (January) 1993 – 2005: 

no silverfish >0oC (red areas) 


