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Amundsen Sea Embayment - present



(Rignot et al., 2008, Nature Geoscience)

Ice-flow velocities and mass balance (1992-2006)

 Ice-flow velocity of the 
glaciers draining into the 
Amundsen Sea are among the 
highest in entire Antarctic

 The Amundsen and 
Bellingshausen Sea sectors are
the regions in Antarctica with
the greatest negative mass
balance



Retreat of Antarctic glacier grounding lines (2010-2016)

(Konrad et al., 2018, Nature Geoscience)

 Widespread grounding-line retreat 
recorded in the Amundsen Sea 
Embayment 



(Illustration (c) Frank Ippolito)

Circumpolar Deep Water in the ocean cavity beneath Pine Island Glacier

Credit: Hannes Konrad et al., 
University of Leeds



(Jenkins et al., 2010, Nature Geoscience)

(Illustration (c) Frank Ippolito)

Circumpolar Deep Water in the ocean cavity beneath Pine Island Glacier

 thermal erosion at the grounding lines 
and melting at the base of the WAIS 



Amundsen Sea Embayment - past



Post – Last Glacial Maximum grounding line retreat from Amundsen Sea 
Embayment

(Lowe & Anderson 2002, 
Quat. Sci. Rev.; 2003. J. 
Glaciol.; Smith et al., 
2011. Quat. Sci. Rev.;
Kirshner et al., 2012. 
Quat. Sci. Rev.)
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(Hillenbrand et al., 2017, Nature)

 Enhanced CDW upwelling forced 
deglaciation of ASE sector from at least 
10.400 years ago until 7.500 years ago, 
when an ice-shelf collapse.



Improve the understanding of how the organisms 

reflect the environmental surroundings

(Illustration (c) Frank Ippolito)



What are foraminifera?

Foraminifera (norsk: poredyr) ameboid protists.

 sensitive to environmental conditions

 external shell of diverse forms and materials

 remains of the organisms preserved in the marine sediments

→ used for reconstructing past environmental conditions



Why studying foraminifera?

Benthic – bottom
water properties

Planktonic – subsurface
water properties

temperature

salinity
productivity

sea ice cover

Geochemical approach: composition of the shell
e.g. Mg/Ca ratio, carbon and oxygen stable isotopes

Ecological approach: species composition
- specific species favour specific conditions



Field work and data collection

Expeditions:
• JR179 (BC; 2008)
• ANT-XXVI/3 RV Polarstern (PS75; 2010)

Amundsen Sea
Embayment



Environment

 small variations in temperature 
and salinity except the two ice 
sheet proximal location and the 
shallowest WEST station
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Foraminifera fauna
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Living/Dead fauna – species number

100 µm
A. earlandi B. aculeata A. alterans Globocassidulina spp.                      R. spiculifer T. wiesner A. echolsi Hormosinella spp.    E. foliaceus L. jeffreysii

 Living fauna represented by 19 up 
to 39 species, while unstained
(dead) up to 50 species



Foraminifera fauna

 highest abundance and diversity occur in the inner shelf and may be related to the 
Pine Island Polynya, whereas core 216 (also the inner PIB) may be negatively 
influenced/stressed by the closest proximity to the glacier (Thwaites)

Arrigo et al., 2012
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Foraminifera fauna

Arrigo et al., 2012

 Globocassidulina sp. and Angulogerina earlandi



Foraminifera fauna 



Foraminifera fauna 



• The most important assemblage for the ASE, the Angulogerina earlandi/Bulimina
aculeata assemblage, is exposed to the inflow of warm and saline Circumpolar Deep 
Water onto the shelf and associated with overall higher bottom-water current 
velocities

Main findings



• Nonionella bradyi can be applied as indicator for fresher (salinity of 34.32) and colder (-
0.11 °C) water masses originated from glacial melting. 

Main findings



• Low fauna abundance and diversity as well as the presence of Astrononion echolsi is 
related to harsh environments in the closest proximity to the glaciers. 

Main findings



 Fauna flourishes (high abundance and diversity) in the presence of the polynya. The 
assemblage characteristic for the polynya-like high productive conditions are associated 
with the benthic species Globocassidulina sp. and Angulogerina earlandi

Main findings



• The most important assemblage among the smaller benthic foraminifera was 
Epistominella sp. The assemblage shown also the most pronounced annual change in 
distribution. We relate the species to ice-free condition (dominating during the austral 
summer 2010). 

Main findings

2008

2010
Ice free



Summary

• Glaciers in the Amundsen Sea Embayment are currently exposed to:
* negative mass balance and thinning
* flow accelertion
* accelerated grounding-line retreat

• Warm CDW contributes significantly to basal melting of the ice

• Foraminifera reflect variable environmental settings in ASE, 
→ indicator species can be applied as valuable proxies

for paleoenvironmental reconstructions


