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Project Participants

Senior Personnel

Name: Ducklow, Hugh

Worked for more than 160 Hours: Yes

Contribution to Project: 

Name: Fraser, William

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Martinson, Douglas

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Baker, Karen

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Simmons, Beth

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Schofield, Oscar

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Steinberg, Debbie

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Stammerjohn, Sharon

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Doney, Scott

Worked for more than 160 Hours: Yes

Contribution to Project: 
 

Post-doc

Name: Montes-Hugo, Martin
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Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Kahl, Alex

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Saba, Grace

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Sailley, Sevrine

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Lunau, Mirko

Worked for more than 160 Hours: Yes

Contribution to Project: 
 

Graduate Student

Name: Fragoso, Glaucia

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Gorman, Kristen

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Guo, Jige

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Moeller, Heidi

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Gaas, Brian

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Randall-Goodwin, Evan

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Mankoff, Ken

Worked for more than 160 Hours: No

Contribution to Project: 
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Undergraduate Student

Name: Gleiber, Miriam

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Garzio, Michael

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Cermino, Meghan

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Savard, Steven

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Wiley, Sean

Worked for more than 160 Hours: No

Contribution to Project: 
 
Name: Peterson, Robert

Worked for more than 160 Hours: No

Contribution to Project: 
 
Name: Gates, Lara

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Coleman, Kaycee

Worked for more than 160 Hours: Yes

Contribution to Project: 
 

Technician, Programmer

Name: Erickson, Matthew

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Waldron, Maggie

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Iannuzzi, Richard

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Cope, Joseph

Worked for more than 160 Hours: Yes
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Contribution to Project: 
 
Name: Patterson, Donna

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Blum, Jennifer

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Yeager, Kirstie

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Kerfoot, John

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Leonardis, Elizabeth

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Connors, James

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Wanetick, Jerome

Worked for more than 160 Hours: No

Contribution to Project: 
 
Name: Yarmey, Lynn

Worked for more than 160 Hours: No

Contribution to Project: 
 
Name: Kortz, Mason

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Lima, Ivan

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Haskins, Tina

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Ryan, Sean

Worked for more than 160 Hours: No

Contribution to Project: 
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Name: Couto, Nicole

Worked for more than 160 Hours: No

Contribution to Project: 
 

Other Participant

Name: Rukke, Kate

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Price, Lori

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Morgan, Tawna

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Smaniotto, Rick

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Rasmussen, Mark

Worked for more than 160 Hours: Yes

Contribution to Project: 
 
Name: Whiteley, Daniel

Worked for more than 160 Hours: Yes

Contribution to Project: 
 

Research Experience for Undergraduates

Name: Cardman, Zena

Worked for more than 160 Hours: Yes

Contribution to Project: 
 

Years of schooling completed: Junior                                                      

Home Institution: Other than Research Site

Home Institution if Other: University of North Carolina

Home Institution Highest Degree Granted(in fields supported by NSF): Doctoral Degree                         

Fiscal year(s) REU Participant supported: 2009      

REU Funding: REU supplement

Organizational Partners

Old Dominion University

Woods Hole Oceanographic Institution

Simon Fraser University
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University of South Florida

University of Wisconsin-Madison

COSEE

University of California-San Diego Scripps Inst of Oceanography

Fredericksburg Christian School

Point Reyes Bird Observatory

Smithsonian Institution

Santa Clara University

University of Quebec

University of Michigan

University of South Florida St. Petersburg

University of Delaware College of Marine Studies

California Polytechnic State University

University of Minnesota-Twin Cities

British Antarctic Survey

Antarctic Climate and Ecosystems Coopera

Catholic University of Louvain

Lamont-Doherty Earth Observatory of Columbia University

Other Collaborators or Contacts
Alison Cawood Graduate Students CCE LTER
Alison Murray, Desert Research Institute
Andrew Fountain, Portland State University
Ann Artz The Preuss School University California San Diego
Beth Deal Florida Christian School
Bill Sydemann Farallon Institute Advanced Ecosystem Research
Bjorn Alfthan IPY Oslo conference collaboration
Catherine Fyfe Birch Aquarium at Scripps (BAS)
Cheryl Peach Birch Aquarium at Scripps (BAS)
Chris Fritsen, DRI
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Colm Sweeney, NOAA/UC
Cyndy Chandler, WHOI
David Bailey, University of Glasgow, Glasgow, UK
David Kirchman, Univ of Delaware
David Ribes, Information School, UMichigan
David Rind, NASA GISS
Eileen Hofmann, Old Dominion University, Norfolk, Virginia, USA
Florence Millerand, University of Michigan
Geoffrey Bowker, Santa Clara University
Hamilton Fredericksburg Christian School, Staffford Virginia
Heather Wright Fredericksburg Christian Elementary 
Helena Karasti, Oulu University, Finland
James Connors Technician/Programmer
James T Hollibaugh, Univ of Georgia
Jamie Hollingsworth Bonanza Creek LTER site manager/LTER maps
Jessie Soder Gustavus School, Alaska
Jill Johnson SANT Ocean Hall Exhibitor developer
Joan Emner 
Jose Torres, University of South Florida, 
Katherine Leonard, LDEO
Katie Snider NOAA Ocean Today Kiosk Executive Producer
Ken Buesseler, WHOI
Kristin Evans Southwest Marine Educators Association/ National Marine Educators Association
Langdon Quetin, UCSB
Laurie Guest Mare Island Technology Academy (MARE)
Lisa Lawrence VIMS
Maria Vernet, UCSD
Mark Moline, California Polytechnic State University, San Luis Obispo,  California, USA
Martin Vancoppenolle, Universite Catholique de Louvain, Belgium
Mathew Oliver, University of Delaware, Lewes, Delaware, USA
Melissa Pitkin Point Reyes Bird Observatory
Naomi Oreskes, Dept of History, UCSD
Patti Hauck Fredericksburg Christian Elementary School
Paul Morin, University of Minnesota, Minneapolis, Minnesota, USA
Petra Heil, Australian ACE CRC
Rob Massom, Australian ACE CRC
Rob Massom, Australian ACE CRC
Robin Ross, UCSB
Sarah Dahl Fredericksburg Christian Middle School 
Stan Jacobs, LDEO
Steve Ackley, UTSA
Ted Maksym, British Antarctic Survey
Thomas Scott Snider 
Tom Hart, Institute of Zoology, London, UK.
Tony Williams, Simon Fraser University, BC, Canada
Wright Fredericksburg Christian School, Stafford Virginia
Xelu Moran, Spanish Institute of Oceanography, Xixon
Xiaojun Yuan, LDEO

Activities and Findings

Research and Education Activities: (See PDF version submitted by PI at the end of the report)
see attached file

Findings: (See PDF version submitted by PI at the end of the report)
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see attached file

Training and Development:
Palmer LTER provides access for undergraduate, graduate and postdoctoral students to Antarctica and the research infrastructure provided by
the US Antarctic Program. PAL-LTER also provides mentoring opportunities for our students. We rely significantly on undergraduate
volunteers and REUs to conduct our research; thus college undergrads are exposed to, and participate in real scientific research in the field as
well as in the lab.

Outreach Activities:
All LTER Sites are mandated to maintain a high level of outreach in their programs. We employ a half-time Education & Outreach Coordinator
(Beth Simmons). From our website:

Our Education and Outreach program teams scientists with local scientific and educational facilities engaging the 'K through gray' community
in both the process and the understanding gained from this research. We train undergraduates, graduate students, and postdoctoral scholars
across disciplinary boundaries. Through collaborations with formal and informal science education organizations, we reach many
schoolchildren each year, including local low-income and minority students.

Journal Publications

Baker, Karen S.;Chandler, Cynthia L.;, "Enabling long-term oceanographic research: Changing data practices, information management
strategies and informatics", Deep Sea Research Part II: Topical Studies in Oceanography, p. 2132-2142, vol. 55, (2008). Published,  

Ducklow, H.;, "Microbial services: challenges for microbial ecologists in a changing world", Aquatic Microbial Ecology, p. 13-19, vol. 53,
(2008). Published, 

Ducklow, Hugh W.;, "Long-term studies of the marine ecosystem along the west Antarctic Peninsula", Deep Sea Research II, p. 1945-1948,
vol. 55, (2008). Published, 

Ducklow, Hugh W.;Doney, Scott C.;Steinberg, Deborah K.;, "Contributions of Long-Term Research and Time-Series Observations to Marine
Ecology and Biogeochemistry", Annual Review of Marine Science, p. 279-302, vol. 1, (2009). Published, 

Ducklow, Hugh W.;Erickson, Matthew;Kelly, Joann;Montes-Hugo, Martin;Ribic, Christine A.;Smith, Raymond C.;Stammerjohn, Sharon
E.;Karl, David M.;, "Particle export from the upper ocean over the continental shelf of the west Antarctic Peninsula: A long-term record,
1992-2007", Deep Sea Research II, p. 2118-2131, vol. 55, (2008). Published, 

F. Millerand, GC Bowker, "Metadata Standard: Trajectories and Enactment in the Life of an Ontology", Formalizing Practices: Reckoning with
Standards, Numbers and Models in Science and Everyday Life, p. , vol. , (2009). Published,  

Friedlaender, A. S.;Fraser, W. R.;Patterson-Fraser, D. L.;Qian, S. S.;Halpin, P. N.;, "The effects of prey demography on humpback whale
(Megaptera novaeangliae) abundance around Anvers Island, Antarctica", Polar Biology, p. 1217-1224, vol. 31, (2008). Published, 

Gasol, JM;Pinhassi, J;Alonso-S????ez, L;Ducklow, H;Herndl, GJ;Kobl????zek, M;Labrenz, M;Luo, Y;Mor????n, XAG;Reinthaler, T;Simon, M;,
"Towards a better understanding of microbial carbon flux in the sea", Aquatic Microbial Ecology, p. 21-38, vol. 53, (2008). Published,  

Geisz, Heidi N.;Dickhut, Rebecca M.;Cochran, Michele A.;Fraser, William R.;Ducklow, Hugh W.;, "Melting Glaciers: A Probable Source of
DDT to the Antarctic Marine Ecosystem", Environ. Sci. Technol., p. , vol. , (2008). Published, 

Kirchman, David L.;Moran, Xose Anxelu G.;Ducklow, Hugh;, "Role of temperature and potential impact of climate change", Nature Reviews -
Microbiology, p. 451-459, vol. 7, (2009). Published,  

Mark A. Moline;Nina J. Karnovsky;Zachary Brown;George J. Divoky;Thomas R. Frazer;Charles A. Jacoby;Joseph J. Torres;William R.
Fraser;, "High Latitude Changes in Ice Dynamics and Their Impact on Polar Marine Ecosystems", Annals of the New York Academy of
Sciences, p. 267-319, vol. 1134, (2008). Published, 
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Montes-Hugo, MA;Ducklow, H;Schofield, OM;, "Contribution by different marine bacterial communities to particulate beam attenuation",
Aquatic Microbial Ecology, p. 13-22, vol. 379, (2009). Published, 

Montes-Hugo, Martin;Doney, Scott C.;Ducklow, Hugh W.;Fraser, William;Martinson, Douglas;Stammerjohn, Sharon E.;Schofield, Oscar;,
"Recent Changes in Phytoplankton Communities Associated with Rapid Regional Climate Change Along the Western Antarctic Peninsula",
Science, p. 1470-1473, vol. 323, (2009). Published, 

Patterson, D. L.;Woehler, E. J.;Croxall, J. P.;Cooper, J.;Poncet, S.;Peter, H. -U.;Hunter, S.;Fraser, W. R.;, "Giant Petrel Macronectes halli and
the Southern Giant Petrel M. giganteus", Marine Ornithology, p. 115-124, vol. 36, (2008). Published,  

Ribic, C. A.;E. W. Chapman;W. R. Fraser;G. L. Lawson;P. H. Wiebe;, "Top predators in relation to bathymetry, ice, and krill during austral
winter in Marguerite Bay, Antarctica", Deep Sea Research II, p. 485-99, vol. 55, (2008). Published, 

Rind, D.;J. Jonas;S. Stammerjohn;P. Lonergan;, "The Antarctic ozone hole and the Northern Annular Mode:  a stratospheric interhemispheric
connection", Geophysical Research Letters, p. doi: 10.1, vol. 36, (2009). Published, 

Shearn-Bochsler, V. D.;Green, E.;Converse, K. A.;Docherty, D. E.;Thiel, T.;Geisz, H. N.;Fraser, W. R.;Patterson-Fraser, D. L.;, "Cutaneous
and diphtheritic avian poxvirus infection in a nestling Southern Giant Petrel (Macronectes giganteus) from Antarctica", Polar Biology, p.
569-73, vol. 31, (2008). Published, 

Siniff, D. B.;Garrott, R. A.;Rotella, J. J.;Fraser, W. R.;Ainley, D. G.;, "Projecting the Effects of Environmental Change on Antarctic Seals",
Antarctic Science, p. 425-35, vol. 20, (2008). Published, 

Stammerjohn, S. E.;D. G. Martinson;R. C. Smith;X. Yuan;D. Rind;, "Trends in Antarctic Annual Sea Ice Retreat and Advance and their
Relation to ENSO and Southern Annular Mode Variability", Journal of Geophysical Research, p. doi: 10.1, vol. 113, (2008). Published, 

Stammerjohn, Sharon E.;, Douglas G.;Smith, Raymond C.;Iannuzzi, Richard A.;, "Sea ice in the western Antarctic Peninsula region:
Spatio-temporal variability from ecological and climate change perspectives", Deep Sea Research II, p. 2041-2058, vol. 55, (2008). Published, 

Straza, Tiffany R. A.;Cottrell, Matthew T.;Ducklow, Hugh W.;Kirchman, David L.;, "Geographic and phylogenetic variation in bacterial
biovolume using protein and nucleic acid staining", Appl. Environ. Microbiol., p. AEM.00183, vol. , (2009). Published, 

Baker, Karen S.;Chandler, Cynthia L.;, "Enabling long-term oceanographic research: Changing data practices, information management
strategies and informatics", Deep Sea Research Part II: Topical Studies in Oceanography, p. 2132-2142, vol. 55, (2008). Published, 

Clarke, Andrew;Meredith, Michael P.;Wallace, Margaret I.;Brandon, Mark A.;Thomas, David N.;, "Seasonal and interannual variability in
temperature, chlorophyll and macronutrients in northern Marguerite Bay, Antarctica", Deep Sea Research Part II: Topical Studies in
Oceanography, p. 1988-2006, vol. 55, (2008). Published, 

Martinson, Douglas G.;Stammerjohn, Sharon E.;Iannuzzi, Richard A.;Smith, Raymond C.;Vernet, Maria;, "Western Antarctic Peninsula
physical oceanography and spatio-temporal variability", Deep Sea Research II, p. 1964-1987, vol. 55, (2008). Published, 

McClintock, J.;H. W. Ducklow;W. Fraser;, "Ecological responses to climate change on the Antarctic Peninsula", American Scientist, p.
414-422, vol. 96, (2008). Published, 

Meredith, Michael P.;Murphy, Eugene J.;Hawker, Elizabeth J.;King, John C.;Wallace, Margaret I., "On the interannual variability of ocean
temperatures around South Georgia, Southern Ocean: Forcing byEl Nino-Southern Oscillation and the Southern Annular Mode", Deep Sea
Research Part II: Topical Studies in Oceanography, p. 2007-2022, vol. 55, (2008). Published,  

Montes-Hugo, M. A.;Vernet, M.;Martinson, D.;Smith, R.;Iannuzzi, R.;, "Variability on phytoplankton size structure in the western Antarctic
Peninsula (1997-2006)", Deep Sea Research Part II: Topical Studies in Oceanography, p. 2106-2117, vol. 55, (2008). Published, 

Ross, Robin M.;Quetin, Langdon B.;Martinson, Douglas G.;Iannuzzi, Rich A.;Stammerjohn, Sharon E.;Smith, Raymond C.;, "Palmer LTER:
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Patterns of distribution of five dominant zooplankton species in the epipelagic zone west of the Antarctic Peninsula, 1993-2004", Deep Sea
Research Part II: Topical Studies in Oceanography, p. 2086-2105, vol. 55, (2008). Published, 

Smith, Raymond C.;Martinson, Douglas G.;Stammerjohn, Sharon E.;Iannuzzi, Richard A.;Ireson, Kirk;, "Bellingshausen and western Antarctic
Peninsula region: Pigment biomass and sea-ice spatial/temporal distributions and interannual variabilty", Deep Sea Research II, p. 1949-1963,
vol. 55, (2008). Published, 

Vernet, Maria;Martinson, Douglas;Iannuzzi, Richard;Stammerjohn, Sharon;Kozlowski, Wendy;Sines, Karie;Smith, Ray;Garibotti, Irene;,
"Primary production within the sea-ice zone west of the Antarctic Peninsula: I--Sea ice, summer mixed layer, and irradiance.", Deep Sea
Research II, p. 2068-2085, vol. 55, (2008). Published,  

Wallace, Margaret I.;Meredith, Michael P.;Brandon, Mark A.;Sherwin, Toby J.;Dale, Andrew;Clarke, Andrew;, "On the characteristics of
internal tides and coastal upwelling behaviour in Marguerite Bay, west Antarctic Peninsula", Deep Sea Research Part II: Topical Studies in
Oceanography, p. 2023-2040, vol. 55, (2008). Published, 

Ainley, David;Russell, Joellen;Jenouvrier, Stephanie;Woehler, Eric;Lyver, Philip O, "Antarctic penguin response to habitat change as Earth",
Ecological Monographs, p. 49-66, vol. 80, (2010). Published, 

Amaral-Zettler, L. A.;.;Ducklow, H. W.;Huse, S. M.;, "A Method for Studying Protistan Diversity Using Massively Parallel Sequencing of V9
Hypervariable Regions of Small-Subunit Ribosomal RNA Genes", PLoS ONE, p. doi:10.13, vol. 4, (2009). Published, 

Aronova, E.;K. Baker;N. Oreskes;, "From the International Geophysical Year to the International Biological Program: Big Science and Big
Data in Biology, 1957-present", Historical Studies in the Natural Sciences, p. 183-224, vol. 40, (2010). Published, 

Chapman, Erik W.;Hofmann, Eileen E.;Patterson, Donna L.;Fraser, William R.;, "The effects of variability in Antarctic krill (Euphausia
superba) spawning behavior and sex/maturity stage distribution on Ad??lie penguin (Pygoscelis adeliae) chick growth: A modeling study", Deep
Sea Research Part II: Topical Studies in Oceanography, p. 543-558, vol. 57, (2010). Published, 

Gorman, K.;Erdmann, E.;Pickering, B.;Horne, P.;Blum, J.;Lucas, H.;Patterson-Fraser, D.;Fraser, W.;, "A new high-latitude record for the
macaroni penguin (Eudyptes chrysolophus) at Avian Island, Antarctica", Polar Biology, p. , vol. , (2010). Published, 

Hugh Ducklow;Andrew Clarke;Rebecca Dickhut;Scott C. Doney;Heidi Geisz;Kuan Huang;Douglas G. Martinson;Michael P. Meredith;Holly
V. Moeller;Martin Montes-Hugo;Oscar Schofield;Sharon E. Stammerjohn;Debbie Steinberg;William Fraser;, "The Marine Ecosystem of the
West Antarctic Peninsula", Antarctica: An Extreme Environment in a Changing World, p. , vol. (in pre, (2010). Published, 

McClintock, J. B.;Silva-Rodriguez, P.;Fraser, W. R.;, "Southerly breeding in gentoo penguins for the eastern Antarctic Peninsula: further
evidence for unprecedented climate-change", Antarctic Science, p. , vol. Doi:10., (2010). Published, 

Montes-Hugo, M.;C. Sweeney;S. C. Doney;H. W. Ducklow;R. Frouin;D. G. Martinson;S. Stammerjohn;O. Schofield;, "Seasonal forcing of
summer dissolved inorganic carbon and chlorophyll a on the Western Shelf of the Antarctic Peninsula", Journal of Geophysical
Research-Oceans, p. doi:10.10, vol. 115, (2010). Published,  

O. Schofield;H.W. Ducklow;D.G. Martinson;M.P. Meredith;M.A. Moline;W.R. Fraser;, "How Do Polar Marine Ecosystems Respond to Rapid
Climate Change?", Science, p. 1520-1523, vol. 328, (2010). Published, 

Fogt, R. L.;S. Barreira;D.H. Bromwich;S. Colwell;K. C. Jezek;B. Johnson;L. M. Keller;M. A. Lazzara;H. Liu;C.S. Long;R. A. Massom;E. R.
Nash;P. A. Newman;M. C. Pitts;P. Reid;M. L. Santee;S. Stammerjohn;L. Wang;S-H Wang;, "State of the Climate 2009, Antarctica", ogical
Society, p. , vol. Special, (2010). Published, 

Massom, R.A.;S.E. Stammerjohn;, "Antarctic sea ice change and variability ??? physical and ecological implications", Polar Science, p. , vol. (in
pre, (2010). Published, 

Meredith, M. P.;M. I. Wallace;S. E. Stammerjohn;I. A. Renfrew;A. Clarke;H. J. Venables;D. R. Shoosmith;T. Souster;M. J. Leng;, "Changes in
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the freshwater composition of the upper ocean west of the Antarctic Peninsula during the first decade of the 21st century", Progress in
Oceanography, p. , vol. (accept, (2010). Published, 

Stammerjohn, S.;T. Maksym;P. Heil;R. A. Massom;M. Vancoppenolle;K. C. Leonard;, "The influence of winds, sea surface temperature and
precipitation anomalies on Antarctic Regional sea ice conditions during IPY 2007", Deep Sea Research II, p. , vol. (accept, (2010). Published, 

Books or Other One-time Publications

Simmons B, Cerullo MM, "Sea Secrets: Tiny Clues to a Big Mystery", (2008). Book, Published
Collection: LTER Children's Book Series
Bibliography: ISBN 10:0-9779603-9-0

Simmons, Beth, "Sea Secrets Website", (2008). Internet site, Published
Bibliography: http://cce.lternet.edu/outreach/seasecrets/

Simmons, Beth, "Polar Books Website", (2009). Internet site, Published
Bibliography: http://www.unep.org/Publications/polarbooks/books/1015.aspx

Karasti H, Baker KS, "Community Design: Growing One's Own Information Infrastructure", (2008). Book, Published
Bibliography: Participatory Design Conference, Bloomington, IN

Web/Internet Site

URL(s):
http://pal.lternet.edu/
Description:
Project Website, contains Palmer LTER data archives at:
http://oceaninformatics.ucsd.edu/datazoo/data/pallter/datasets

Other Specific Products

Product Type:

Data or databases                       

Product Description:
All oceanographic data collected in Palmer LTER since 1990:
http://oceaninformatics.ucsd.edu/datazoo/data/pallter/datasets

Sharing Information:
Open-access via Internet. Data fully documented with associated metadata

Contributions

Contributions within Discipline: 
Oceanography: Palmer LTER is an oceanographic research program, contributing inter- and multidisciplinary research and data on the marginal
sea ice zone of the West Antarctic Peninsula, on rapid climate change and ecosystem responses.  

Information Management: Three sessions on informatics were co-chaired at the American Geophysical Union meeting in December as a
cross-institutional effort involving Scripps Institution of Oceanography (Karen Baker), Woods Hole Oceanographic Institution (Cyndy
Chandler), and Monterey Bay Aquarium Research Institute (John Greybeale, Marine Metadata Interoperability/Initiative). The sessions brought
together informatics projects across oceanography, highlighting infrastructural aspects of this work by envisioning future and past data
networks in talks by Susan Avery, director of Woods Hole, Steve Jackson, science studies researcher at the Information School of University of
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Michigan, and Peter Wiebe, zooplankton researcher at WHOI. LTER community efforts have included contribution of datasets to a network
information system effort called Ecotrends. cochair of an information management governance working group, cochair of a unit dictionary
working group, and editorship of the information management newsletter Databits.

Contributions to Other Disciplines: 
Science: As PAL LTER has expanded and diversified its observational capabilities in the past 3 years, we have become regarded as a model
observing program for documenting and studying ocean climate change and ecosystem transformation. This has been shown recently by
Ducklow's invited talk at the Southern Ocean Observing System session at the AGU Ocean science meeting and the recently published paper in
Science by Schofield et al.

Information Management: We are contributing to the social sciences fields of science and technology studies, communication studies, and
infrastructure studies as well as information sciences and history of science through partnerships that continue a unique longitudinal
ethnography for LTER and Ocean Informatics (http://interoperability.ucsd.edu). A presentation at the annual meeting of the Society for Social
Studies of Science in Rotterdam resulted in an invitation to contribute to a book on Collaboration in the Life Sciences. Visits were hosted for
Florence Millerand (Dept of Communication; UQuebec) to work on an ethnographic monograph on Ocean Informatics and for Helena Karasti
(Dept of Information Systems, UOulu) to join in a working group on infrastructure held at the Computer Supported Cooperative Work
Conference in San Diego.

Contributions to Human Resource Development: 
We train undergraduate, graduate and postdoctoral students in oceanography and marine ecology in the field (Antarctica) and laboratory at a
number of Universities and Non-profit research institutions.

B-013 (Fraser): 
Our field program has traditionally attracted technicians and students interested in further training and experience in a variety of areas,
including field project planning and logistics, protocol development and implementation, and data management and analysis.  Most of these
individuals remain with our program for 3-4 years, and eventually seek positions with state and federal governments or pursue graduate
degrees.  This season two of our former technicians, Tawna Morgan and Rick Smaniotto,  moved into positions with the Prince William Sound
Science Center, Cordova, Alaska, and Montana Fish Wildlife and Parks, Bozeman, Montana, respectively.  

In other developments, aspects of our public, posted long-term PAL seabird data were used, or are in use by other individuals as follows:

Nicole Casper, M.Sc. student, Western Washington University, using our decadal krill size-frequency data based on Ad??lie penguin diets for
thesis development.

Jefferson Hinke, Ph.D. student, SCRIPPS/US AMLR Program, using our decadal Ad??lie penguin demographic data for dissertation
development.

Lynch HJ, Fagan WF, Naveen R, Trivelpiece SG, Trivelpiece WZ. 2009.  Timing of clutch initiation in Pygoscelis penguins on the Antarctic
Peninsula: towards an improved understanding of off-peak census correction factors. CCAMLR Sci 16:149??'165.



Contributions to Resources for Research and Education: 
PAL-LTER participates in the LTER Schoolyard LTER Program to provide introductions to scientific research and opportunities to contribute
to our research effort by K-12 students. See: http://schoolyard.lternet.edu/

Contributions Beyond Science and Engineering: 
 

Conference Proceedings

Special Requirements

Special reporting requirements: None

Change in Objectives or Scope: None
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Animal, Human Subjects, Biohazards: None

Categories for which nothing is reported: 
Contributions: To Any Beyond Science and Engineering

Any Conference



Palmer Antarctica LTER 2010 Annual Report Research Activities 

1

RESEARCH ACTIVITIES: Palmer LTER 2009-2010. 
Overview. This is the second annual report for the fourth grant period of Palmer LTER (2008-
2014, OPP 0823101). This report focuses on the activities undertaken by PAL since October, 
2009. In the past year, the newly-restructured PAL matured and we continued to solidify our 
identity as the go-to interdisciplinary program study climate change and ecosystem 
transformation in Antarctica. 
Principal Personnel and Scientific Components (coPIs, grad students and postdocs) 
¶ Hugh Ducklow, Lead PI (MBL, microbes and biogeochemistry. 

o Heidi Geisz, PhD student (VIMS, late 2010 graduation) 
¶ Karen Baker (Scripps, Information Management) 
¶ Scott Doney (WHOI, ocean modeling) 

o Sevrine Sailley, postdoc (PhD, Universitat Bremen, 2009) 
o Holly Moeller, PhD student  

¶ Doug Martinson (LDEO, physical oceanography) 
¶ Mike Meredith (BAS-UK, physical oceanography) 
¶ Bill Fraser (Polar Oceans Research Group, seabirds) 

o Kristen Gorman, PhD student (Simon Fraser Univ) 
¶ Oscar Schofield (Rutgers Univ., primary production and optics) 

o Alex Kahl, postdoc (finished in 2010) 
o Grace Saba, postdoc (PhD, VIMS 2010) 
o Mike Garzio, PhD student 

¶ Rob Sherrell (Rutgers Univ., trace metals) 
o Marie Seguret, postdoc (PhD, Plymouth, UK 2009) 

¶ Beth Simmons (Ocean Ingenuity, education and outreach) 
¶ Sharon Stammerjohn (UCSC, sea ice and climate) 

o Evan Randall-Goodwin, UCSC PhD student  
¶ Debbie Steinberg (VIMS, zooplankton) 

o Kim Bernard, postdoc (PhD, Rhodes Univ, S. Africa, 2007) 
o Kate Ruck, MSc student
o Lori Price, MSc student
o Miram Gleiber, undergraduate student (Senior Honors thesis) 
o Sarah Giltz, undergraduate student 

Field Season. In April, 2010 we completed the second field season of the current award, and the 
19th in the Palmer LTER program that commenced in 1991-92. The annual summer cruise 
(LMG 10-01, H. Ducklow, Chief Scientist) and summer season at Palmer Station were both 
successful. Field operations commenced at Palmer Station in mid-October and continued until 
the end of March with almost no interruptions. Details of the Palmer-based activities are 
provided below. The summer LMG cruise plagued by equipment losses but was successful 
overall. During the cruise we visited Rothera Station to carry out joint scientific operations and 
visit with our BAS colleagues. We recovered and redeployed 3 SASSI physical oceanography 
moorings with conductivity and temperature sensors and current meters, but lost 2 moorings. We 
failed to recover the sediment trap mooring that had been deployed and recovered without a 
break since 1993. Reasons for these failures are not known. We again hosted WHOI geochemist 
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Ken Buesseler’s project on this cruise. They conducted multiple diverse studies of sinking 
particles. A paper reporting this research has been submitted to GRL (see listings in Results 
section). During the cruise we conducted three longer (~3-days each) process study stations near 
the sediment trap, and the Avian and Charcot Island penguin colonies. These are described in 
more detail below.

PAL-LTER cruise members arriving ashore at Rothera Station, 23 January, 2010 via man-basket. Rothera personnel 
came aboard for our annual instrument cross-calibration cruise in Ryder Bay. Photo by Mike Coons, RPSC.   

Publications are listed in the Findings document.  

Meetings and training workshops. All PAL personnel (coPIs, current students and postdocs) 
participated in the LTER All-Scientists Meeting in Estes Park, CO. We followed up that meeting 
with our own annual science and planning meeting in Boulder. Many RPSC personnel joined us 
in Boulder to help plan and organize the field season and cruise. Ducklow, Steinberg, Schofield 
and Sherrell attended the ASLO-AGU Ocean Sciences Meeting in Portland in February. 
Ducklow, attended the NSF-OPP organized workshop on Palmer Station logistics alternatives in 
Arlington, VA. Steinberg attended the annual meeting of the Society for Integrative and 
Comparative Biology in Seattle in January. Ducklow joined the LTER Network Executive Board 
in May 2009, completing his first year of membership recently.  MSc student Lori Price, and 
Post-doc Kim Bernard, attended a two-day training workshop on microzooplankton 
identification with Dr. Wayne Coats of the Smithsonian Environmental Research Center in June.  
PhD student Mike Garzio, and post-docs Grace Saba and Kim Bernard, attended a three-day 
training workshop on glider operations and deployment at Rutgers University in June. 
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Individual Component Reports. 
Information Management (Karen Baker, SIO-UCSD). 
Updates were made to the PAL website, to dataset delivery and to the information system. Plot 
performance was improved by replacement of the plot library and options for contour and bubble 
plots were added.  Redesign of the study-project schema for our local information system 
DataZoo added flexibility in response to display needs identified in practice. An updated 
approach to databases as generic resource streams was developed to address issues relating to the 
increasing size of datasets. Improvements were made to dataset documentation as datasets were 
submitted for publication in EcoTrends, a community effort. This work resulted in update of 
dataset metadata and publication of datasets to Metacat and to ClimDB. New approaches were 
developed for delivery of derived or value-added datasets and their identification using accession 
numbers important to data provenance.  Our local team is leading a network-level LTER unit 
registry and unit best practices effort that received support from a LTER post All Scientist 
Meeting proposal award. This work has informed redesign of DataZoo architecture to a web-
services orientation. The new unit registry replaces a static, isolated unit dictionary thus enacting 
one type of data comparability. Preparations were begun for replacing an aging collaboration 
server with a new one that supports virtual machines. 

Education and Outreach (Beth Simmons, VIMS).
Beth Simmons participated in the 2010 Palmer summer research cruise aboard the Laurence M. Gould.  
This has led to the design, development and publishing of supplemental activities that integrate the field 
research into inquiry-based investigations for students at the high school level.  Concurrently throughout 
the months of June – August, we are investing considerable time into the reorganization of Palmer LTER 
Outreach web page.  These changes are meant to meet the needs of the public and make our materials 
more widely visible and accessible.  Our video for the NOAA Ocean Today Kiosk will be released in July 
and will also be featured on Palmer LTER’s website as well.  The busy summer months also lend 
themselves to our actively working with teachers in our RET professional development program.  We 
continue to strengthen our LTER cross-site involvement by the inclusion of CCE LTER in our RET 
program and Bonanza Creek LTER on the design of the LTER maps project. 

Sea Ice, Climate and Modeling (Sharon Stammerjohn).
This year’s research activities involved (a) the investigation of wind-driven versus ocean-forced 
ice-edge changes and the consequent accumulation and fate of snow on sea ice  (using satellite-
derived SST, ice drift, snow depth and numerical analyses of precipitation); (b) regional and 
circumpolar sea ice and climate assessments for several collaborative manuscripts; (c) continued 
PAL LTER collaborations in the southern Bellingshausen and Amundsen seas; and (d) the 
formation of a sea ice and climate research group at UCSC.  Both (a) and (b) resulted in several 
submitted and published manuscripts and are further described under Research Findings, while 
activities associated with (c) and (d) are further described here. 

Collaborative studies in the southern Bellingshausen and Amundsen Sea involve analysis of sea 
ice and ocean data collected on recent (and upcoming) cruises to investigate regional ocean-
atmosphere-ice interactions (in collaboration with Stan Jacobs and Xiaojun Yuan) and seasonal 
ice mass balance changes (in collaboration with Ted Maksym and Steve Ackley).  These 
collaborations help place PAL LTER/WAP observations into a broader circumpolar context, 
with particular focus on those regions in the Southern Ocean which show the largest sea ice 
decreases. Collaboration with Ted Maksym in particular brings new expertise to the PAL LTER 
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regarding sea ice processes.  Here we are focusing on processes that control snow and sea ice 
thickness distributions, how summer sea ice responds to climate change, and the role of melt-
induced porous gap layers in structuring sea ice ecosystems. Our objective is to combine snow 
and sea ice data collected on past cruises in the PAL LTER region with snow and sea ice data 
collected in the southern Bellingshausen and Amundsen to investigate regional differences in 
ocean-atmosphere forcing of sea ice and the contribution of snow-ice to ice mass balance.   

Research activities this past year were also devoted to the formation of my research lab here at 
UCSC, which involved the addition two graduate students in Fall 2009 (Ken Mankoff and Evan 
Randall-Goodwin) and a research assistant (Nicole Couto). Ken Mankoff is focusing on ocean-
ice shelf interactions in the Amundsen Sea, but he will be involved in processing and analyzing 
satellite-derived high-resolution sea ice drift and deformation for both the Bellingshausen and 
Amundsen Sea regions.  Evan Randall-Goodwin is focusing on ice-ocean interactions, using both 
satellite-derived and model-derived assessments.  He is initially investigating the fate of 
increased solar ocean warming caused by increased ice-free conditions in summer in the WAP-
Bellingshausen-Amundsen Sea regions.  Nicole Couto is a very new addition to my lab (March 
2010) and is getting acquainted with PAL LTER data and the large-scale grid analysis.  Our 
intention is to follow-up on results presented in the DSRII 2008 papers, e.g., a closer 
examination of the relationship between ice season duration and freshwater content in the 
seasonal mixed layer. 

Physical Oceanography (Doug Martinson, LDEO; BP-021).
This component deals with physical oceanography. It carries the requirement of supplying core 
physical data. We have satisfied this requirement through the consistent collection of the grid 
CTD data set, its overall qa/qc, distribution to all participants (directly) and others through 
upload to LTER-public & NODC data bases, and general analysis. Other ship-based activities 
include recovery, service and redeployment of moorings and reporting of this activity from ship 
to grade school.  Unfortunately, two of the 5 moorings could not be recovered during the 2010 
cruise, due to no response from the mooring releases. We hope to drag for the most important of 
these at 300.100 in the 2010-2011 season; with 2.5 year battery life, the sensors will have 
recorded continuously over this last year; the mooring near Charcot Island may have been lost 
from heavy iceberg traffic noted in the region during the recovery). 

Phytoplankton (Oscar Schofield, Rutgers; B-019).
The seasonal Palmer Station efforts continued successfully in 2009/2010. Efforts at Palmer 
Station included the bi-weekly time series at stations B and E.  Zodiac operations maintained the 
time series collecting phytoplankton pigment, 14C productivity and bio-optical information, as 
well as deploying a Slocum glider to survey the Palmer Deep canyon offshore, which is a hot 
spot for penguin foraging. The bio-optical measurements were a significant addition.  This year 
we added fast repetition rate fluorometry to the suite of glider measurements. The new additions 
included hyperspectral downwelling irradiance as well as upwelling radiance and spectral 
inherent optical properties (absorption, attenuation and backscatter). These optical properties will 
be used to conduct a series of optical closure analyses.  Finally, the phytoplankton began a series 
of laboratory experiments at Palmer focused on the photo-acclimation dynamics of the existing 
cultures at the station.  These light acclimation experiments have continued at Rutgers using 
polar cultures purchased from the Bigelow culture collection.
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During the 2009/2010 we completed 3 glider deployments at Palmer and we completed three 
deployments during the survey cruise aboard the RV Gould.  These deployments collected 1555 
vertical profiles of data. Gliders were deployed at all three process stations including the station 
at Charcot Island.  The gliders were deployed to support Langragian tracking of deployed 
sediment trap drifters, and a hydrographic survey of a region frequented by radio-tagged 
penguins. This effort will expand in the coming year with funding provided by the Gordon & 
Betty Moore Foundation and a recently awarded NASA Biodiversity proposal. The glider-based 
measurements to be added in the coming year include acoustic measurements from an ADCP.  
The new ADCP science bay has been constructed and will be test-flown prior to the deployment 
during a joint effort with the VIMS and the WHOI Bioacoustics group in June/July 2010. 

The 2010 LTER survey cruise was very successful.  A full bio-optics program was continued 
(spectral absorption, attenuation, backscatter and hyperspectral radiometry).  These data are 
being combined with the other  Palmer data to assist in algorithm development.  These data will 
greatly assist in the interpretation of the discrete depth phytoplankton data as well as accelerate 
improvement of a new suite of satellite algorithms for these waters.  Kinetic fluorometry was 
collected to complement the measured variability in the phytoplankton radio-labeled productivity 
measurements.  These fluorometry measurements were made both on discrete depth as well as in 
surface mapping mode using the seawater intake line provided by the ship. In all this greatly 
expands the range of measurements collected by the phytoplankton component of the LTER and 
by utilizing proven technologies ushers in a new era of mapping capabilities to complement the 
traditional phytoplankton measurements.   

Outreach and education: Outreach activity is coordinated and served via COSEE 
http://coseenow.net/antarctica/.

Trace Metals (Rob Sherrell, Rutgers: B-019) 
The 2010 LTER survey cruise was the first major sampling effort ever for dissolved iron and 
other bioactive trace metals off the western Antarctic Peninsula, and it was highly successful.
Rob Sherrell, with help from the Schofield phytoplankton team, collected ~120 filtered seawater 
samples and a comparable quantity of suspended particulate matter samples over the course of 
the cruise.  The primary sampling effort was focused on spatial surface water distributions using 
a towed “fish” system to collect water from outside the halo of contamination generated by the 
ship’s hull.  Additional sampling involved:  profiling the fish to pump clean water to the lab from 
various depths in the upper 100m, using the “pole” method from zodiacs, the ship’s conventional 
CTD/rosette system, large volume in situ pumping, deploying metal-free phytoplankton net, and 
the zooplankton nets of PI D. Steinberg.  In addition, in collaboration with Mirko Lunau of the 
Ducklow group, we carried out two metal-clean incubation experiments to explore light and Fe 
dependence of the phytoplankton community in an inshore and offshore station.  A summary of 
the sample types and spatial distribution for the trace metal effort is shown below. 
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Zooplankton and micronekton (Debbie Steinberg B-020).  

Similar to last year’s cruise, this season the zooplankton group emphasized the role that 
zooplankton play in the biological pump (grazing, particle or fecal pellet production, and diel 
vertical migration).  At each station we performed a pair of net tows for larger macrozooplankton 
(e.g., krill, salps; sorted onboard) and mesozooplankton (e.g. copepods). We also took samples at 
selected stations for macro/mesozooplankton lipid and gut fluorescence analyses, and 
microzooplankton (e.g., ciliates, flagellates) abundance and community structure.  At the process 
study stations we performed depth-stratified zooplankton sampling using the MOCNESS 
(Multiple Opening-Closing Net Environmental Sensing System) to investigate depth distribution 
of the abundant taxa over a diel cycle. We performed dilution experiments to measure 
microzooplankton grazing, allowing us to quantify removal of primary producers by the 
zooplankton community.   We performed additional fecal pellet production experiments with 
krill and salps to determine their role in export of organic carbon. We also collected samples on 
the cruise this year for John Reinfelder (Rutgers) for analysis of Hg isotopes in zooplankton, and 
for Rebecca Dickhut (VIMS) for analysis of persistent organic pollutants in the food web (phyto- 
and zooplankton, and fish). Over the course of the year vertical flux of zooplankton fecal pellets 
was analyzed from archived PAL time-series sediment trap samples for the period Jan. 2005- 
Jan. 2009.  We have completed set up the lipid analysis laboratory at VIMS and are beginning to 
run zooplankton samples from the 2009 and 2010 Jan. cruises.  Analysis of gut fluorescence 
samples for meso/macrozooplankton grazing are also nearly complete from these two cruises.  

= Zodiac pole sampling
= Underway surface sampling (10-20km interval)

= Incubation experiment started

= euphotic zone tube/pump profile

LTER LMG 1001 Trace Metal  Sampling
Rob Sherrell & helpers

= CTD/rosette NIskin profile
= Large volume in situ pump profile
= Zooplankton sampling for Hg and metals
= Phytoplankton net tow
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Finally, this year two new MSc students and a Post-doc joined Steinberg’s laboratory, and a 
William and Mary undergraduate completed her Senior Honors thesis (see Personnel), 
concentrating on the various activities described above (Post-doc funded by Gordon & Betty 
Moore Foundation). 

Microbes and Biogeochemistry (Hugh Ducklow BP-045).  
The microbial biogeochemistry group participated in the annual cruise and also had personnel 
stationed at Palmer Station for the entire season (mid-October to mid-March). Cruise operations 
were generally similar to previous years (bacterial abundance and production rates, dissolved 
oxygen, dissolved organic and inorganic carbon, inorganic nutrients, moored sediment trap). We 
again hosted WHOI geochemist Ken Buesseler’s independently-funded project on particle 
dynamics. They conducted a variety of studies on sedimentation rates and carbon fluxes, using 
neutrally-buoyant drifting sediment traps and gel columns to trap particles, a video profiling 
system and Thorium-234 measurements. We failed to recover our moored sediment trap and 
thereby lost the preceding year’s 21 samples, breaking the time series for the second time in 19 
years of deployments (the trap was recovered in 2001 but it had failed to rotate and collect 
samples). We also hosted a visiting researcher, Dr. Mirko Lunau, Alfred-Wegener Institut, 
Germany, as a member of our cruise team. Mirko has a Marie Curie Fellowship from the EC to 
conduct studies of nitrogen cycling during a 16-month visit to MBL. He conducted 3 large 
incubation experiments during our 3 process study stations.

A highlight of our work 
on the cruise was near-
real time analysis of 
plankton samples with 
our new Accuri Flow 
Cytometer which is 
portable and worked 
reliably aboard the vessel 
even in rough weather 
(Figure 3 and see 
Findings section). At 
Palmer Station, we 
completed 17 weeklong 
dilution experiments 
designed to examine 
bacterial growth 
dynamics. The final 
experiments completed 
after the cruise benefitted 
from the detailed 
analytical capabilities of 
the new flow cytometer. 

(We shipped the Accuri in November but it was temporarily lost in Logan Airport by American 
Airlines and missed its flight). 

Figure 3. The Accuri flow cytometer at Palmer Station. From left: Palmer the Orca, 
Dan Whiteley, Accuri, Matthew Erickson. 
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Data submission: All PAL data through March-2008 have been submitted to the PAL data 
system. 2009 data are in the final QA-QC process.

Education activities: Our annual cruise provided field research opportunities for a recently-
graduated undergraduate student from Brown University and a grad student from UCSD.  Ohio 
State junior Kathleen Woods and Providence College junior Sarah Lapierre are working in our 
lab in Woods Hole this summer. Graduate Students: Current VIMS PhD student Heidi Geisz 
plans to graduate later this summer. Her thesis is titled, “Current Levels and Long-Term Trends 
of Persistent Organic Pollutants (POPs) in Antarctic Seabirds and Fur Seals.” We have also been 
conducting sampling for a PhD student at Princeton (K. Huang, under the supervision of M. 
Bender).

Seabirds (Bill Fraser BP-013).  
The seabird research group operated in the Palmer Station region from October 2009 to March 
2010, sampling daily as weather permitted, and focusing its core activities on the demography, 
foraging ecology and breeding biology of Adélie penguins.  As in past seasons, basic ecological 
data on other seabirds and marine mammals in the Palmer area were opportunistically obtained 
to ensure the continuity of species-specific databases that originated in the early 1970s.  In 
January, two group members participated in the annual LTER cruise (LMG 10-01), continuing 
surveys of seabirds and marine mammals to investigate their abundance and distribution relative 
to bathymetry and annual variability in regional oceanography.  This cruise included a 5-day 
field camp on Avian Island, Marguerite Bay, and a second landing and brief exploration of 
Charcot Island south of Marguerite Bay in continuation of a unique time series that compares the 
foraging ecology of Adélie penguins (diets and at-sea foraging locations/dive-depth profiles 
based on ARGOS-linked transmitters) with similar data from Palmer Station.  The 09/10 field 
season also observed the conclusion of field research by Kristen Gorman, a Ph.D. student 
developing her dissertation through a collaboration with Simon Fraser University.  This work 
(Title: Climate-induced divergence in population dynamics among Pygoscelis penguins: 
nutritional-physiological mechanisms and evolutionary consequences) focuses on the 
mechanistic processes linking climate change to changing WAP food webs, and its consequences 
to the population dynamics of the three breeding penguins species in the LTER grid.

Education and Outreach:
a. A long-term collaboration with Fen Montaigne, freelance writer, produced an article in The 

New Yorker, The Ice Retreat (December 2009), and a soon-to-be-published book, Fraser’s
Penguins, a Journey to the Future in Antarctica (Henry Holt, November 2010),  

b. A new collaboration with Juanita Constible and Richard Lee (Miami University, 
Springboro, Ohio) and Luke Sandro (Springboro High School, Springboro, Ohio) produced 
a high school lesson plan and teacher’s guide, A Collaborative Classroom Investigation of 
Climate Change on the Antarctic Peninsula. 

c. A new collaboration with The Alder School, a K-6, one-room schoolhouse in remote, rural 
Montana resulted in an online “chat” and interactive session with students and teachers 
from Palmer Station, followed by an on-site visit and presentation.  The school used for its 
Antarctic lesson plan the PAL children’s book Sea Secrets, a copy of which was provided 
gratis by PAL to the student body, 24 students.
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d. A new collaboration with Ari Shapiro, Center for Ocean Sciences Education Excellence 
(COSEE) produced “Antarctica Melting:  A Story in Four Acts”, a multimedia presentation 
for the general public.  The presentation can be accessed at  http://coseenow.net/antarctica/.

Numerical Ecosystem Modeling (Scott Doney, WHOI).
The primary focus of WHOI modeling group over the last year has been on three tasks: synthesis 
PAL-LTER data into a simplified end-to-end food web using inverse modeling techniques; data 
analysis of historical interannual variability in chlorophyll and dissolved inorganic carbon; 
development of improved approaches for evaluating regional and global ecosystem model skill. 

End-to-end Food Web Modeling:
H. Moeller, a MIT/WHOI graduate student, completed a two-semester long modeling research 
project with S. Doney and H. Ducklow. In the project, we used inverse analysis techniques to 
synthesize Palmer LTER measurements into an end-to-end food web model for the West 
Antarctic Peninsula. Our inverse analysis approach used singular value decomposition (SVD), an 
input biomass compartment structure, and a set of specified biological rules to solve for the 
multiple fluxes within a food web using limited data inputs. The steady-state model solutions are 
internally consistent and mass conserving. The research built on earlier modeling work by B. 
Daniels and H. Ducklow but included revisions to the model structure and observational 
constraints to reflect current understanding of the system. Specifically, we subdivided 
zooplankton consumption into krill, salp, and microzooplankton compartments and included 
Pleuragramma (Antarctic silverfish, which feed on krill and are in turn consumed by penguins) 
into the analysis. We also updated literature values to constrain better krill production, salp 
grazing and egestion, zooplankton respiration, and system export. Research on the inverse 
modeling was continued over the winter and spring by S. Sailley, a new post-doc to our group. In 
particular, she is expanding the analysis to more data years to assess interannual variability and 
trends. In addition the EcoNetwrk software suite (Ulanowicz and Kay, 1991) for food web 
analysis is used to analyze model results for additional information on WAP pelagic food-web 
changes in the last years in South and North. 

Data Analysis and Synthesis of Historical PAL-LTER Observations:
S. Doney contributed to the revision and completion of an analysis paper on historical PAL-
LTER data in collaboration with the bulk of the project team (Montes-Hugo et al., 2010). The 
Southern Ocean is a climatically sensitive region that plays an important role in the regional and 
global modulation of atmospheric CO2. In the paper we examined the relationship between 
physical climate driving factors (winds, ice, currents) and interannual variability in biological 
productivity and surface dissolved inorganic carbon concentrations. Specifically, the analysis 
focused on satellite-derived sea ice data, wind and cloudiness estimates from numerical models 
(National Centers for Environmental Prediction - National Center for Atmospheric Research 
reanalysis), and in situ measurements of surface (0–20 m depth) chlorophyll a and dissolved 
inorganic carbon concentration from PAL-LTER dataset. 

Regional and Global Ocean Physical-Ecological-Biogeochemical Simulations:
Regional and global ocean simulations provide context for interpreting the interannual variability 
and trends in the PAL-LTER data and forecasting future climate change. Our main modeling tool 
is the ocean component of the Community Climate System Model (CCSM). As part of the new 
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Marine Ecosystem Model Intercomparison Project (MAREMIP), we are working with 
international collaborators to develop a comprehensive scheme for comparing global marine 
ecosystem models and evaluating their skill relative to observations.




