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LTER Palmer has maintained a 22 year time series along the West Antarctic Peninsula

Our Current grid
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The man!



The trends that reflecting a changing system



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.



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



10 year analysis annual trends

ice decline



Melt pools on surface of King George VI Sound 
(from a BAS twin otter, January 2004)





Palmer Station in the present

photo by Bill Fraser



Plants at Palmer Station, 
the greening of Antarctica



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



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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Upwelling favorable winds result in Ekman mass transport offshore



2011: Eddies moving across shelf

~ 1.5 days
~40-50 km

~ 1 day
~30 km

~ 1 day
~30 km

~ 1 day
~30 km



Subsurface eddies spatially associated with northern side of the sea 
 floor canyons  across the Peninsula  

thanks to Nicole Cuorto 





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 



Is there a response in the marine food web?



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



Time series at Palmer Station
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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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modified UCDW

sea ice melt
winter water



Salinity (p.p.t)

% Cryptophytes
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Moline et al. 
GBC 2004



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



Zooplankton are dominated by krill or salps

Thanks to Deborah Stienberg
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Is there an impact on higher trophic levels?









RU COOL?



Darwin’s Odyssey



Old Day Communication

HAM Operator Coms Palmer Station 1988

68 South

70 West 69 West

Adelaide
Island

Rothera
Station
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Station
Obama

WHOI Drifter

RU05 Plan
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RV Gould

Rutgers 
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BaseReal time 

comms

Brave New 
Day







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



Anvers Island



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
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Changing diets for the 
Adelie penguins



Big Ice Winters Drive the Larger Phytoplankton Spring Blooms  
Which Primes the Food Web as a Whole 



Observatory (simulated) data 

Virtual Ocean 

Design, Testing and Deploy 

Models 

Data Assimilation 

Data 
Analysis 

Science Questions & Drivers 

~100 m 

~3 km 
Sensor & 
Platform 

Data Synthesis: Nowcast & Data Impact 



Model A Model B 

Model C Model D 

An ensemble of different numerical models run by different laboratories



Science Community Workshop 1 70 

Model A Model B Model C Model D 



COMBINING THE FIELD ASSETTS WITH OCEAN FORECASTS
FOR PLANNING AND PROSECUTION EFFORTS

•  Known constraints (slow 0.5 knot, 
Battery, shipping lanes)

•  Uncertain constraints (time-varying 3D 
currents)

•  Operate autonomously & re-plan daily

•  From A to B in the shortest time

•  Follow a time-varying feature (shelf-
slope salinity intrusion)







Science Community Workshop 1 75 75#

Science 
Agents 

Science Event Manager 
Processes alerts and 

Prioritizes response observations 

ASPEN 
Schedules observations on EO-1 

EO-1 Flight Dynamics 
Tracks, orbit, overflights,  
momentum management 

Science 
Alerts 

Observation 
Requests 

Updates to 
onboard plan 

Science 
Campaigns 

Scientists 

Hyperion 
on EO-1  
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translation, “milk in my coffee please”

Unfortunately scientists are not always good communicators.



Interaction between researchers and young filmmakers can translate 
research to a large public audience.



Telecasts Stations Markets States % Coverag
e

All Stations 447 201 93 34 62.22 %
Main Channels 201 115 66 28 46.83 %
Primary Stations 79 50 49 24 28.57 %
Metered Stations 215 83 37 25 49.37 %
Nielsen Channels 199 112 66 30 48.33 %

Distribution of Airings by Day and Daypart

Demographic Information of Potential Audience
Demo Group Men Women Total
People 2+ 180,907,030
DMA Households 71,329,330
Kids 2-5 10,218,649
Kids 6-11 15,112,772
Kids 12-17 14,878,666
Adults 18-34 21,105,714 20,836,069 41,941,783
Adults 35-49 18,778,599 19,235,766 38,014,365
Adults 50+ 28,105,462 32,635,333 60,740,795

Distribution of Airings by Time Zone Penetration by Market Rank
Other Pacific Mountai

n
Central Eastern

7 % 8 % 7 % 17 % 62 %

Rank Percent
Top 25 68 %
26 to 50 60 %
51 to 100 54 %
101+ 31 %

Episodes
Century Percent
Unknown 100 %

Carriage Summary
Atlantic Crossing: A Robot's Daring Mission

1/1/2010 - 2/19/2012
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1/20/2012 7:40 PM
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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





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


