IDEA 227

IPY-Proposal:

King-George Island, South Shetlands — a case study on the impact of climate
induced glacial melting on Antarctic coastal communities.

Key words: glacial melting, sediment discharge, coastal areas, climate change, King-
George-Island, Antarctic Peninsula

Contact address of coordinators:

Doris Abele, Marine Ecophysiology, Alfred-Wegener Institute (AWI), Alfred-Wegener
Institute for Polar and Marine Research, Columbusstr, 27568 Bremerhaven, Germany
phone: 0471-4831-1567, fax: 0471-4831-1149, dabele@awi-bremehaven.de

Irene Schloss, Coastal Ecology, Argentine Antarctic Institute, Cerrito 1284, 1010 Buenos
Aires, Argentina
phone: +54-11-4816-2336/3401, fax +54-11-4813-7807, ISchloss(@dna.gov.ar

Jorge Arigony, Nucleo de Pesquisas Antarticas e Climaticas, Fed. University Rio Grande do
Sul, Brazil, jorge.arigony@geographie.uni-freiburg.de

In-Young Ahn, Marine Ecology, Korea Ocean Research & Development Institute, Korea
iahn@kordi.re.kr


mailto:dabele@awi-bremehaven.de
mailto:ISchloss@dna.gov.ar

Climatic changes and glacial retreat at King-George-Island, Antarctica:

“Climate change in polar regions is expected to be among the largest and most rapid of
any region on the Earth, and will cause major physical, ecological, sociological, and economic
impacts, especially in the Arctic, Antarctic Peninsula, and Southern Ocean” (IPCC 2001,
Climate Change: Impacts, Adaptation and Vulnerability). On the Antarctic Peninsula a recent
rapid regional warming with a temperature increase of more than 2,5K has been observed
over the last 50 years (Vaughan et al. 2001). The glacial systems on the Antarctic Peninsula
show direct responses to the recorded climatic changes in this region including retreat of ice
fronts and increased melt water production. Within the international research initiative Global
Land Ice Measurements from Space (GLIMS) glacial changes on the Antarctic Peninsula are
being monitored by means of satellite image data. The Institute for Physical Geography (IPG),
University of Freiburg, Germany is the co-ordinating GLIMS Regional Center for the
Antarctic Peninsula and the South Shetland Islands and holds an extensive archive of remote
sensing data for that area from as early as the 1950ties to present.

King George Island, the largest of the South Shetland Islands, located to the north west of
the Antarctic Peninsula, is an area of special research interest, not only because of the vast
glaciological retreat we observe there, but also because of the high density of scientific
activity on the island. While these activities are on the one hand thought to endanger the
highly sensitive Antarctic coastal communities, they may also help to bring together a detailed
data basis, which, once systematically evaluated, may supply a temporal and spatial
documentation of the island and its coastal (eco)systems.

The integrated geographic database KGIS has been created to make information available
for international and multi-disciplinary applications and projects and is co-ordinated under
the Geographic Information Program of the SCAR Geospatial Information Group and co-
ordinated and hosted at IPG University of Freiburg, Germany. This database could be used in
a multi-disciplinary and multi-national effort to study the effects of climate change and
ensuing glacial melting on coastal ecosystems of King-George Island. Massive retreat of
glaciers on King George Island has been documented since 1956 (e.g. Braun and Gossmann,
2002). Although melt water discharge into the coastal systems may be quantified by satellite
imaging sedimentary run off in coastal areas there are virtually no data on how the glacial
retreat affects abrasion and sediment mobilization in the area.

Sea floor mapping and sediment budgets in Potter Cove

The sea floor as interface between the hydrosphere and the oceanic geosphere is the
interaction zone for physical, chemical, and biological processes which have morphogenetic
impact on the endogene and exogene formation processes of submarine structures. On
regional scales the submarine relief influences sedimentation processes, particle accumulation
and material relocation by means of morphologic parameters (e.g. slope, shape), current
exposition and physical properties.

AWI has a long-standing experience in sea floor mapping and sediment echo sounding,
especially in polar regions. Dedicated shallow-water multibeam sonar and sub-bottom
profiling systems provide high resolution data about physical characteristcs of the sea floor in
particular the seafloor topography, acoustic imagery, backscatter values and sediment
structures. These modern devices will create basic data sets (large scale bathymetric charts,
sediment profiles, sonar imagery) for this multidisciplinary research project, e.g. for
morphogeneric studies, modelling and budgeting sedimentation processes, reconstructing the
geological history of the investigation area, and further for analysing the impact of iceberg
groundings on the benthos.

Sediment types can be characterised by their physical and sedimentological properties.
Results from sediment cores and samples shall be utilized to estimate the accumulation of
biogenic and nonbiogenic components. Geographic Information System (ArcInfo) will be



used to perform multiparametric analyses as well as thematic mapping, visualisation and
classification.

Impact on coastal biosphere of King-George Island (KGI)

Enhanced glacial melt water discharge changes the coastal system of KGI with respect to
water column stratification, surface water temperature and penetration of light, and impacts
severely on the planktonic and benthic coastal biosphere. Light penetration in the water is a
prime factor limiting benthic and pelagic primary production and is reduced by ice cover at
the beginning of the growth season and by the particle concentration from melt water run off
during the summer months (Schloss et al. 2002, Schloss & Ferreyra. 2002). Both factors are
affected by climate warming and in turn will have a major impact on bottom communities.
Marked changes of coastal macrobenthic community structure have been recorded in recent
years (Sahade, 1999). Distribution and biomass of interstitial meiofauna is typically related to
sediment type, microphytobenthos growth, as well as to the magnitude of horizontal and
vertical carbon flux and deposition (Veit-Kohler 2001), and changing sedimentation patterns
are bound to result in major changes. Recent changes in KGI benthos faunal communities
below the ice impact zone were indeed unexpected, and it stays unresolved to what extent the
marked retreat of the Fourcade glacier and the resulting sediment discharge is the cause.
Detailed cause-effect studies are needed for the dominating organismal compartments (filter
and detritus feeders) and interactive processes (e.g. bioturbate activity).

With its rich subtidal and intertidal macrobenthos community and the high number of
international scientific bases, KGI presents an ideal location for this type of effect-monitoring.
Many of the bases have gathered long term meteorological and hydrographical data sets in the
area and this IPY proposal is an occasion to feed these data into KGIS, in order to obtain a
complete long-time series for different parameters from coastal locations with distinct input
characteristics.

Subsystems of KGI are currently being modelled in an attempt to describe the effects of
global change on the benthic-pelagic coupling in Western Antarctic coastal systems. These
models focus on circulation patterns in Potter Cove (Ferreyra et al., in prep), the conditions
determining phytoplankton growth (Schloss et al., 2002; Momo et al., in prep) and the bentho-
pelagic energy flux for dominant benthic fauna compartments (Momo et al. 2002). The idea
behind this is to describe and model the energetic flux for autochthonous and allochthonous
(detrital) material inside the cove, especially to assess input from macroalgal debris (Quartino,
2003) under a changing climate scenario.

Modelling of the effects on benthic bottom communities, aside from a continued
monitoring of standing stock, requires the following experimental approaches:

- Interactive effect studies of changing temperature and radiation regime on metabolic
key processes like photosynthesis under field and laboratory conditions. Radiation conditions
determine the depth distribution of benthic primary producers (Hanelt 2001; Longhi et al.
2003) and experimental approaches must cover effects of sediment induced shading on
different hierarchical levels from populations to protein function and gene expression. Using
the above mentioned data base and current monitoring of changes in abiotic parameters,
potential acclimation mechanisms can be studied, which allow predictions on the impairment
of seaweed productivity.

- Experimental studies of the effects of high sediment load and changes of primary
production on metabolic performance and growth in benthic communities (filter vs. detritus
feeders). This includes experiments on the effect of increased suspended particle loads on
feeding behaviour, food utilization and assimilation efficiency, as well as on recruitment
success of coastal invertebrate communities and, consequently, community structure.



Effect studies of the elevated load of particulate iron and other transition metals, entering
coastal waters with the sediment discharge from lagoons and creeks are an important issue.
Soft tissues of filter feeders from Potter Cove carry 10 fold higher iron concentrations
compared to similar North Sea animals. The enormous accumulation of transition metals was
shown to contribute to biochemical processes (Fenton-type reactions) that render the animals
more susceptible to environmental hazards (Estevez et al. 2002). Near shore waters at KGI
contain 1.71 pmol I"" of particulate iron and thus vastly higher levels than oceanic (<InM) or
coastal waters from other areas (Baltic 30-120 nM) (Abele & Kriews, unpubl.). Parallel
studies of Korean scientists focused on copper, and found highly elevated levels of this
transition metal in some near shore seawater, marine sediment and the tissues of the
herbivorous animals, Laternula elliptica and Nacella concinna from King George Island (Ahn
etal., 1996 & 2002). Low-molecular-weight metallothionein (MT)-like proteins were the
major Cu-binding ligands in the cytosol of digestive gland, kidney and gill of the filter-
feeding bivalve Laternula elliptica (Choi et al., 2003). In Marian Cove Al, Fe, Cu, Mn. Pb
etc. were highly elevated around locations of melt-water discharge, and were mostly
associated with lithogenic particulate matter during austral summer months (Ahn et al., in
press). The concentrations of most metals in the limpet tissue reflected the background levels
in the ambient seawater; the Cu, Mn, Fe and Pb concentrations in the N. concinna tissue
increased towards the melt-water sources (Ahn et al., in press).
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