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Exploring trophodynamics in the Southern Ocean: applications of 
fatty acid biomarkers and stable isotope ratios 

Nicole B. Richoux and P. William Froneman 

Southern Ocean Group, Department of Zoology and Entomology, Rhodes University, 
Grahamstown, South Africa 6140 

The dynamics of transfer of organic carbon among producers and consumers has 
interested trophic ecologists for several decades1

. This field of research has proven to 
be particularly challenging for those investigating aquatic environments, as organisms 
of interest are often very small, remote and/or behaviourally complex. Furthermore, 
many species of plankton demonstrate a high degree of feeding plasticity, as the nature 
and availability of food can vary considerably both spatially and temporally. The diets 
of consumers are classically studied using gut contents and/or gut fluorescence 
analyses, approaches that are limited to freshly ingested prey, and in the latter case to 
herbivorous feeding2

. Two methods that provide a time-integrated view of an 
organism's assimilated feeding history and incorporate both herbivorous and 
carnivorous pathways involve the determination of stable isotope ratios and fatty acid 
profiles3

,4 . Stable isotope ratios in animal tissues can be used as tracers to original 
sources of carbon at the base of a food chain as well as indicators of the trophic level 
of a population5

, and fatty acids can provide information on the type and quality of 
resources assimilated by aquatic animals over ecologically meaningful time periods6

.7. 

The aims of our current study are to determine trophodynamics among the numerically 
dominant zooplankton species and to assess regional differences in ecosystem fitness 
within the Subtropical Convergence zone (STC) using both stable isotope ratios and 
fatty acid profiles. As the STC can act as an effective biogeographical barrier8

, food 
webs and the dynamics of energy transfer from primary producers to consumers on 
either side of this barrier are expected to differ. As global climate change has the 
potential to cause major shifts in the location, strength and physical and biological 
properties of the STC9

, it is important to understand the potential effects on the 
biological communities inhabiting the region. Any changes in the food quality or 
availability for the dominant species or in the trophic relationships among producers 
and consumers may have serious implications for top consumers such as fish, birds 
and mammals. Successful characterization of food webs in the STC will provide an 
excellent framework for future studies in Southern Ocean trophic ecology. 

1. Deason, E.E., Smayda, T.J. Experimental evaluation of herbivory in the 
ctenophore Mnemiopsis leidyi relevant to ctenophore-zooplankton
phytoplankton interactions in Narragansett Bay, Rhode Island, USA. J. 
Plankton Res., 4, 219-236 (1982). 

2. Perissinotto, R., Gurney, L., Pakhomov, E.A. Contribution of heterotrophic 
material to diet and energy budget of Antarctic krill, Euphausia superba. Mar. 
Bioi. 136, 129-135 (2000). 

3. Michener, R.H., Shell, D.M. Stable isotope ratios as tracers in marine aquatic 
food webs. In: Stable Isotopes in Ecology and Environmental Science (eds 
Lajtha, K. & Michener, R.H.) (Blackwell Scientific, Oxford, 1994). 

4. Parrish, C.C., Abrajano, T.A., Budge, S.M., Helleur, R.J., Hudson, E.D., 
Pulchan, K., Ramos, C. Lipid and phenolic biomarkers in marine ecosystems: 
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A whole-island estimate of energy flow and nutrient cycling for 
Marion Island: Pie-in-the-sky or realizable? 

Valdon R. Smith 

Department of Botany and Zoology, Stellenbosch University, Private Bag Xi, 
Matieland 7602, South Africa. 

One of the earliest objectives of the biological research program on Marion Island was 
project "to obtain a better insight into the interesting food cycles of the ecosystem of 
the oceanic island Marion" 1, and the specific aims were to quantify the flow of energy 
(primary and secondary production, decomposition) and cycling of nutrients (ocean
island interactions and nutrient cycling in the vegetation and soils). Research toward 
this objective has included synecological studies of the standing crop2

, primary 
production3

, nutrient uptake4 and soil respiration5 of selected lowland plant 
communities, a quantification of the transfer of nutrients and energy from the ocean 
to the island via precipitation6 and manuring by seabirds and seals7

, and also some 
autecological studies of primary production and mineral nutrition of selected plant 
species8

. The primary production and nutrient cycling studies involved an onerous 
program of collecting, sorting and chemically analysing several thousand plant and 
soil samples over several years, and resulted in information for only eight of the 
island's 42 plant communities3

'
9

• The original aspiration of a whole island energy and 
nutrient flow model seemed unattainable. However, ordinations of soil chemistry, soil 
physical and botanical information showed that the island's vascular and cryptogamic 
plant species occur as a set of groups in the ordination spaces. The groupings, with 
considerations of the species growth form and taxonomic characteristics, enable a 
suite of plant guilds to be recognised in the island's flora. These guilds proved 
cardinal in classifying the island's terrestrial habitats10 along gradients of the main 
forcing variables that determine ecological succession on the island (moisture, 
exposure, parent soil material, salt-spray and manuring and trampling by seals and 
seabirds). The forcing variables determine structure (habitat type) through their 
influence on function (primary production, decomposition, nutrient pool sizes and 
transformations). Hence the plant-guild approach has potential for a model to estimate 
standing crop, primary production, energy capture and patterns of uptake, 
retranslocation /litter loss of nutrients for habitats or plant communities for which we 
have no, or only incomplete, data. This talk explores that potential and points out what 
information is needed to complete, parameterize and verify the model. 
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