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The man!
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The trends that reflecting a changing system
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LTER Palmer has maintained a 22 year time series along the West Antarctic Peninsula

Current team

PI Hugh Ducklow (MBL)
Bacteria-Biogeochemistry

Oscar Schofield (Rutgers) - Phytoplankton
Doug Martinson (LDEO) - Ocean Physics
Debbie Steinberg (VIMS) - Zooplankton

Bill Fraser (Polar Associates)
- Penguins & Fish

Scott Doney (WHOI)
- Ocean Modeling

Sharon Stammerjohn  (UCSC)
- Climate and Ice

James Connor (Scripps) 
- Data management

& Informatics

Beth Simmons (Scripps)
- Education &

Outreach

Our Current grid

Acknowledgements to past LTER PIs: Ray Smith, 
Barbara Prezelin, Robin Ross, Langdon Quetin, Dave Karl, 

Maria Vernet, Eileen Hoffman, John Klinck, Dave Karl

The Boss!

Ari Friendlander (OSU)
Marine Mammals
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Winter 2007 Summer 2007

The central hypothesis when the LTER began was that sea ice timing and magnitude structure the productivity 
and composition of the Antarctic ecosystem.  The ice dynamics are driven by large-scale interactions of the 

atmosphere and ocean.
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Temperature Trends (degrees C per year)

-0.2 0.2
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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
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The WAP peninsula is experiencing the largest winter warming on Earth
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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
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Melt pools on surface of King George VI Sound 
(from a BAS twin otter, January 2004)
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Surface height change (2003-2008) 
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Ice sheets in this region are melting rapidly 

The PIG, Smith 
and Thwaites 
glaciers are 
thinning at a 

rate of 9 meters 
per year
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1990

As a grad student
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Palmer Station in the present

photo by Bill Fraser
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Plants at Palmer Station, 
the greening of Antarctica

Friday, August 8, 14



Ye
ar

1980

2000

May 1

Feb 15 %
 Ice cover

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

Friday, August 8, 14



Ye
ar

1980

2000

May 1

Feb 15 %
 Ice cover

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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Let’s go the sea:  What is driving the change?
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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.

Antarctic(Peninsula(to(the(Amundsen(Sea:(
one(of(the(few(regions(in(Antarctica(where(
the(Antarctic(Circumpolar(Current((ACC)(
directly)impinges(on(the(shelf(break.((

Upper(Circumpolar(Deep(Water((UCDW)(is(
Antarctica�s(warmest(water.(
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10 year analysis annual trends

ice decline
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Upwelling favorable winds result in Ekman mass transport offshore
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2011: Eddies moving across shelf?

~ 1.5 days
~40-50 km

~ 1 day
~30 km

~ 1 day
~30 km

~ 1 day
~30 km
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Subsurface eddies spatially associated with northern side of the sea 
 floor canyons  across the Peninsula  

thanks to Nicole Cuorto 
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• Current meters at 300.100 and 
400.100 + model depth-
averaged currents reveal clear 
advective path for heat. 
 
• Need to head south anyway, 
so might as well make the most 
of the trip. 

300.100 
 
 
 
 
400.100 

Model vectors:  Dinniman et al., 2011 

thanks to Darren McKee (LDEO)
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•  Glider depth-averaged 
currents:  agree well with 
moorings + model! 

thanks to Darren McKee (LDEO)
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•  Glider depth-averaged 
currents:  agree well with 
moorings + model! 
 

•  Glider deep water (> 220 
db) temperatures:  
episodic warming! 

thanks to Darren McKee (LDEO)
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Properties disjoint from 
ambient water in T-S space. 
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Downstream 

Warm, with eddy-like 
structure 

Still warm, but more 
diffuse 
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22 Years of cruises  
(924 days at sea) 

4 Glider missions 
(85 days at sea) 

Ships not effective at sampling the subsurface eddy transport  
of modified ACC water 
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Mechanism relevant in other locations? Amundsen Sea
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Is there a response in the marine food web?
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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
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Time series at Palmer Station
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When chlorophyll is high,  phytoplankton cells are big and are largely 
diatoms

Montes Hugo et al. 2009
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B) cryptophytes 

D) prasinophytes 

A) diatoms 

C) mixed flagellates 
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E) type-4 haptophytes 

80% of the chlorophyll variance 
can be explained by diatoms.

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

Thalassiosira antarctica 

Corethron criophilum 

Palmer Cryptophytes -->  8 ± 2µm

10µm

100µm

SEM Micrographs fromMcMinn and Hodgson 1993
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Palmer time series
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modified UCDW

sea ice melt
winter water
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Salinity (p.p.t)

% Cryptophytes

0 25 50

33.3 33.6 33.8

64°W

Palmer Station

Antarctic
Peninsula

65°S

65°S

Moline et al. 
GBC 2004
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Moline et al. 
GBC 2004

Friday, August 8, 14



Temperature (°C) Salinity (ppt) Density (σ)

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
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Zooplankton are dominated by krill or salps

Thanks to Deborah Stienberg
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Atkinson et al. 2004 

Decadal patterns suggest a shift Not as clear in LTER

Friday, August 8, 14



Friday, August 8, 14



Is there an impact on higher trophic levels?
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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.

Summer 
foraging 

areas for Adelie
penguins

Winter 
foraging 

areas for Adelie
penguins
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Anvers Island
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Anvers Island
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Enhanced productivity is associated with the warm upwelled water
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Glider measurements of Fv/Fm indicate that the 
phytoplankton populations associated with 

upwelling are healthy

Friday, August 8, 14



A) 

Ant
ar

cti
c C

irc
um

po
lar

 C
ur

re
nt

 
2 -2 °C 0 

600 

D
ep

th
 (m

) 

D) 

D
ep

th
 (m

) 

120 

0 

0 >1 <-1 
Temperature (C) 

-64.8 

-64.9 

-64.3 
-63.9 Longitude 

Latitude 

B) 

0 >1 <-1 
Temperature (C) 

D
ep

th
 (m

) 

0 

120 
-69.4 

-68.4 Longitude 

C) 

-67.7 

Latitude 

-67.9 

Rothera 
? 

? 

? 

Friday, August 8, 14



Big Ice Winters Drive the Larger Phytoplankton Spring Blooms  
Which Primes the Food Web as a Whole 
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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
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Glider currents
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Changing diets for the 
Adelie penguins
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Shifts in water temperatures open up the Antarctic to invasive species 
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If that was not enough, warmer temps leads to more moisture and 
more snow.  Breeding failure...........
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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
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