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-Climate change trends on West
Antarctic Peninsula (WAP)

-Local & regional food-web impacts

-Global primary production & plankton
community structure trends




Climate Trends along Western Antarctic Peninsula
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Palmer LTER Study Region along the Vh{AP: 300 x 700 km:
Process Studies Embedded in a Lung-Tgrm'Observatiﬂnal Context
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Ecological Responses to Retreating Sea-Ice

Decadal Change in Penguin Populations near Palmer Station
Surface Chlorophyll Adélies declining, Gentoos and Chinstraps invading and increasing
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Inverse Model of WAP Food Web
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Inverse Model of WAP Food Web
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Inverse Model of WAP Food Web
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Inverse Model of WAP Food Web
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Inverse Model: example of a solved system

Average north station

Primary production, input

Constrained compartment

Constrained through other
compartment

Model estimated flows,
export & respiration

Legend

gpS: primary production small, phS:
phytoplankton small, gpL: primary production
large, phL: phytoplankton large, mic:
microzooplankton, kri: krill, sal: salp, plg: fish
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Palmer LTER Study Region along the WAP
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Observed Trends

Primary Production (mmolC m=2 d?)

250 -

200 A =¢=North
== South
150 -
100 -
50 -
O T T T 1
1990 1995 2000 2005 2010

Phytoplankton structure (% large cells)

100 -

80 -
60 - B

South
40 -
20 -

North
() T T T 1

1990 1995 2000 2005 2010

Model Estimates

0.8

Export Ratio

BT} i

06
05
04
03
02
01

Herbivorous

D L
1995

2000 2005

Transfer from compartment as %

primary production at North station

Microbial
food web

10 -

o N b~ O

—e—bacteria

Mkrm

1990

1995 2000 2005 2010 |

T
E

1930

>
Yo nms®



Ocean-Ice Hindcast Simulation (CESM1)

Anomalies from mean annual cycle with gaussian filter
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Biogeochemical Impacts of Ice Retreat

Chlorophyll
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215t Century Change in zonal
integrated primary production
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Phytoplankton Community Structure

Dlatom relatlve abundance
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Scale of population processes

Conclusions & Future Directions

-Rapid regional warming along Antarctic Peninsula driven by
interactions with winds & ACC (upwelling)

-Marine & terrestrial ecosystems responding at all trophic levels
-Impacts on key biogeochemical process: productivity, plankton

composition, export & air-sea CO, flux

-Lessons applicable to regional & global questions
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Ocean Acidification

CaCO, Saturation State (aragonite)
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for aragonite by mid-century
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Contemporary ApCO2 Model

Sea-Air pCO2 Trends

-Rising atmospheric
anthropogenic CO,
-Stronger westerly wind
stress & upwelling
-Positive sea-air pCO,
=> weaker CO, uptake
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Inverse Model of WAP Food-Web

Topological food web
*“who eats who”
sprimary food sources
sexport pathways
Physiological constraints
emaximum rates
egrowth & assimilation
efficiency
Site-specific data
*Palmer survey grid
*biomass & flow data
srespiration rates

Daniels, Richardson & Ducklow, Deep-Sea Res. Il (2006)
Soetaert and Von Oevelen, Oceanography (2009)
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* Mass conservative

o Steady-state
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stocks & flows

e unmeasured parts of
the ecosystem

e minimization criteria

e Monte-Carlo methods
to give error bounds
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Coupled Ocean-Atmosphere Model:
CCSM-3 215" Century Projections

a. SST (°C)
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Ecological Responses to Retreating Sea-Ice

Decadal Change in Penguin Populations near Palmer Station
Surface Chlorophyll Adélies declining, Gentoos and Chinstraps invading and increasing
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