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West Antarctic Peninsula Fjords: Benthic community structure and function in climate sensitive ecosystems 

Deep benthic communities in the fjords along the West Antarctic Peninsula (WAP) are poorly studied yet represent some of the most extensive polar-subpolar fjord habitats in the southern hemisphere.  These habitats are likely to be very climate sensitive as regional warming melts tidewater glaciers, dramatically increasing inputs of meltwater and sediments into fjord habitats. During a cruise in 2010, we opportunistically sampled the benthos of poorly studied sediment-floored basins in several Western Antarctic Peninsula (WAP) fjords. The funding we have been awarded by the Antarctic Science Bursary has allowed us to process and analyze some of these samples, facilitating our exploration of benthic community structure and function in WAP fjords. We plan to use these data to undertake a comparison between benthic communities at similar depths on the Antarctic continental shelf, and in fjords at lower latitudes (subpolar to temperate climate zones).

Funding was requested to analyze food-web structure, species composition and biodiversity patterns in megafauna and macrofauna from trawl and megacore samples. Firstly, frozen invertebrate tissues, macroalgae, and sediment samples have been processed and analyzed for stable-isotope assays (delta-C-13 and N-15) to be used in food-web analyses (c.f., Demoupolus et al. 2007; Mincks et al. 2008). A total of 293 samples from a variety of seafloor taxa and functional groups, and from mainly two WAP fjords (Andvord Bay and Hughes Bay), including a site on the outer shelf, were prioritized and prepped for stable isotope analysis. This process was relatively labor intensive, necessitating samples to be first freeze dried, then ground to a fine homogenous powder, using several different methods (homogenizer, grinder, mortar and pestle). Once ground, dried sample material was stored in 2 mL centrifuge tubes, packaged and transported to Raymond Lee, Associate Professor in the School of Biological Sciences at Washington State University for stable isotope analysis. 
Heavily calcified samples were acidified with 2N phosphoric acid to remove carbonates. This was necessary for all sediment samples and for calcified invertebrate tissues, e.g. echinoderm and cnidarian tissue. Between 0.3 and 0.5 mg of animal dry material or 10 mg of sediment was combusted in a Costech elemental analyzer (Valencia, California USA) and N2 and CO2 gases from combusted samples analyzed for 15N/14N and 13C/12C with a continuous flow isotope ratio mass spectrometer (CF-IRMS; GV instruments Isoprime, Manchester, UK). Ovalbumin was analyzed in sample runs as a routine standard. Routine precision for replicate animal samples was ± 0.3 ‰ for δ15N and ± 0.1 ‰ for δ13C. We received and quality checked these data recently. Samples perceived to be outliers have been identified and replicate analyses have been requested where necessary. We anticipate these additional data will be available by the end of the year. 

Preliminary data analyses of the stable isotope assays suggest some interesting patterns. There are clear differences in the isotopic composition of the same groups of major benthic taxa between sites indicating the importance of different food subsidies vary between individual fjords and between the WAP fjords and the open Antarctic continental shelf at comparable depths. Isotopic signatures within major benthic groups also appear to cluster by basin when sampled within an individual fjord, suggesting inputs of food may vary with distance from tidewater glaciers down fjord. We expect these Antarctic fjord basins will prove to be somewhat unique and ‘ecologically isolated’ when compared with the open continental shelf and with each other, with respect to both important food subsidies and food web dynamics. 
Secondly, we have undertaken megafaunal analyses that indicate the middle and outer basins of the fjord systems to have extraordinary megafaunal biomass and biodiversity compared to similar depths on the open WAP continental shelf (Sumida et al. 2008). Seafloor photographic transects also indicate high abundance of drift macroalgae on the fjord floors. Several species have also attained large body sizes in the fjords, and many species exhibit ripe reproductive condition and extraordinary fecundity. Thirdly, formalin preserved macrofaunal samples from fjords are currently being sorted for taxonomic identification. This work is ongoing. We hope to be able to use these data to describe benthic community structure and function, in terms of abundance, species diversity, and trophic structure. Initial observations confirm patterns similar to those for benthic megafauna, i.e. greater macrofaunal abundance and considerably larger individual body sizes in the fjord benthos compared to major benthic groups at similar depths on the continental shelf. Notably higher numbers of species of crustacean and bivalve have also been recorded suggesting macrofaunal diversity is also considerable in these fjord systems. 
We have not experienced any major problems whilst undertaking these analyses. However, although our project has progressed without any obvious setbacks, the laboratory work and experimental analyses proposed are extremely time consuming and the sample preparation arduous. The costs involved, particularly those associated with stable isotope analyses can also be prohibitive, however by outsourcing these samples to Washington State University we were able to maximize our returns, in terms of saving time on the project and minimizing our expenditure. The taxonomic sorting and identification of macrofauna samples also demands a huge time investment and specialist skill, hence these analyses are still ongoing. We anticipate having a complete stable isotope data set and to have completed analyses by early in 2012. 
Our preliminary results suggest that the WAP fjord basins are hotspots of benthic productivity and biodiversity, have different food inputs (macroalgal detritus) than outer shelf habitats, and may be important larval sources for the broader WAP shelf. In Antarctic marine ecosystems, food web dynamics are closely linked to environmental conditions that affect the nature and magnitude of primary food sources available to higher trophic levels. Therefore, we expect analysis of these samples will provide a unique insight into Antarctic benthic food web dynamics under variable glacial ice conditions and yield important information into potential Antarctic ecosystem responses to climate change. On completion of our biodiversity studies, we will compare these data to published studies in temperate and sub-polar fjords, where glacial sedimentation is much greater, and interpret these patterns in the broader context of climate warming. So far our results contrast sharply with fjord systems in warmer, subpolar and temperate regions (e.g., Kongsfjord, Spitsbergen and Baffin Island, Alaska), where much greater glacial inputs of melt-water and till reduce water-column primary productivity and cause intense sedimentation disturbance of fjord benthos (Syvitski et al. 1989; Wlodararska-Kowalczuk and Pearson, 2004; Wlodarska-Kowalczuk et al. 2005).  Because glacial melt-water and till inputs will increase in the WAP fjords with climate warming, the fjord hotspots of biomass and biodiversity on the WAP are likely to be very climate sensitive. Therefore, our study of these systems will provide important insights into the impacts of climate change on Antarctic ecosystems. 
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