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Outline

Overview of PAL: LTER Network,
Study Area and Observing System

1. Rapid Climate Change on the
West Antarctic Peninsula (WAP):
Large changes in air & sea
temperatures

2. Changes in ecosystem at all trophic levels
(phytoplankton to penguins)

3. Process studies to test hypotheses about mechanisms
of change




Palmer Antarctica Long Term Ecological Research Project

US LTER Network
26 Sites
2 Antarctic, 2 Arctic, 9 marine/coastal

26 total |




Palmer LTER Study Region along the WAP: 300 x 700 km:
Process Studies Embedded in a Long-Tqrm’ObservationaI Context

Satellite remote sensing
ocean color (chlorophyll)
surface temperature
sea ice, 1978-present
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Palmer LTER Study Region along the WAP
January 1993 - 2009
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PAL-LTER

Palmer LTER Marlne Food web (simplified)

confirmed decade-scale changes in these groups



1. CLIMATE WARMING
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1. Climate change along the WAP

Average winter (June-July-August) temperature (Faraday Base)
+1.1°C per decade: 6°C (11F) since 1950: 5 x global average
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July 2010 Surface Temperature Anomaly (°C)
[Base Period: 1951-1980] S5




Antarctic Seasonal
Sea Ice Trends

AP-Bellingshausen-Amundsen

Sea Region (4P/BA)

Western Ross Sea Region
(wRS)

Region

AP/BA

~0.53 x 10 km?
Total Change over ¥

28 years (1979-2000): WRS

~0.86 x 10° km?

Duration

19110YS

Advance Retreat Duration
(days) (days) (days)

+48 * 11 359 -83 £ 23
(later) (earlier) (shorter)

29 7 +28 + 6 +57 13
(earlier) (later) (longer)




average daily temperature
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Warming of Water Over Shelf

900

100 m

A warming of ~0.6C in upper 300 m - Meredith et al GRL 2005



Why so fast 7? Heat input from Antarctic Circumpolar Current
(Hofmann et al talk to follow)
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The WAP is the only location »
in Antarctica where the ALY
Antarctic Circumpolar
Current (ACC) directly
impinges on the shelf break.
The ACC is Antarctica’s
warmest water.




+ 20% Change in heat content over shelf, 1930 - 2010
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2. ECOSYSTEM RESPONSES




PALMER STATION CHLOROPHYLL AND NITRATE: 1992-2007
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Changes in phytoplankton: (1978-86 to 1998-2006)

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

Region of Antarctic

1978-'86

98-2006 Phytoplankton

Peninsula

seaice

Northern

fresh water
melt-off

salt water

Southern

wind
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Courtesy Zina Deretsky, NSF



Long-term changes in zooplankton
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Penguin Populations in the Palmer Station region
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Changing composition of Adélie Penguin Diets, 1974-present
Palmer vs Avian Island Regions
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3. PROCESS STUDIES IN THE LONG-TERM CONTEXT
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Bathymetry

Yellow-green-blue shading:
Deeper water — troughs and
canyons cutting across the
shelf

Penguin colonies prOX|maI
to canyons '

Hypothesis: Penguins |
concentrate foraging activity
over canyon heads and/or
polynyas associated with
upwelling of warm,
chlorophyll-rich) offshore
Upper Circumpolar Deep
Water (UCDW).

Combine penguin satellite
tags and SLOCUM Glider
surveys of foraging areas.
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Adélie Penguin colony Palmer Station
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SUMMARY =

Rapid regional warming-ale EEAntarctic Peninsula:
+6C in winter since 1950

Driven by interactions withuiil
Current .

Marine and terrestrld1388$ QF&%BB‘&?&]HQ& all trophic

levels:

- Phytoplankton productlon -in north +in south

- Regional changes in penguin, seal populatlons

- Process studies reveal connectlons among climate,
phyS|cs behawor and ecology

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




Changes in seals at Palmer Station 1975 - 2006
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Ice-dependent: Adélies, Crabeater & Weddell seals.
Ice-independent: Chinstrap & Gentoo penguins, Elephant & fur seals Bill Fraser.



Where is the Surface
Warming Occurring?

Over all of continental Antarctica, but
particularly over West Antarctica last
25 years

Warming trend difficult to explain
without radiative forcing of increasing
greenhouse gas concentrations

Seasonal (autumn-winter-spring) &
regional (West Antarctica) warming
indicates more than spring-time
ozone-related changes in the Southern
Annular Mode (SAM)
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Changes in Community Composition: cell size and diatoms
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High Chl: larger cells and more diatoms; Low Chl: smaller cells and fewer diatoms
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Effect of physical environment: change in fish habitat space

Coldest water in water column, (January) 1993 - 2005:
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