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Marion Island is centrally located in the global belt of diurnal soil frost environments. 
It's maritime location results in a high frequency of diurnal frost cycles that cause 
globally- unequalled rates of sediment displacement. Landscape-scale understanding 
of soil frost dynamics on Marion Island and its interactions with terrestrial 
ecosystems, requires an understanding of spatial and temporal patterns of the 
environmental controls driving and constraining soil frost action. As frost cycles 
occur at the synoptic time-scale this is the temporal scale at which analysis should be 
focused. At the spatial scale, local topography and vegetation plays an important 
control on the radiation budget and other micro-climatic parameters. In this study, 
measurement results are presented of i) slope aspect control on soil temperature at the 
block- to slope scale, ii) diurnal spatial variability of soil surface temperature and 
moisture within a 18x10m plot, iii) micro-climate variations, both upwind-downwind 
and upslope-downslope, from Azorella selago cushions. Results from all three 
situations clearly establishes that cloud cover and air circulation type plays a 
dominant role in explaining ground climate spatial variability. Westerly air circulation 
results in mild and uniform temperatures across the landscape. In contrast, clear sky 
conditions associated with southerly air circulation creates a large temperature 
differentiation in the landscape, based primarily on topographic control of the 
radiation budget. Complex interactions between soil climate parameters and 
atmosphere are found around Azorel/a selago. A reduction in cloud cover, as 
suggested by Smith (2002) 1

, is predicted to increase diurnal soil temperature and 
moisture extremes and their spatial variability across Marion Island and will increase 
the role of slope aspect as a control on soil frost cycle frequency and intensity. 
Enhanced nocturnal radiative heat loss will also (partially) offset, or even reverse, 
atmospheric warming effects on ground frost on cooler slopes. This can lead to a 
higher spatial variability in soil movement rates and indirectly, increased patchiness in 
vegetation patterns. Longer term ground temperature monitoring at an island scale is 
underway to further test this hypothesis. A synoptic climate classification is also being 
developed to understand decadal changes in dominant air circulation patterns at the 
island. 

1. Smith, V. Climate change in the sub-Antarctic: An illustration from Marion 
Island. Climate Change 52, 345-357 (2002). 
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Complex systems theory is increasingly applied to ecological and geomorphological 
problems to address the shortcomings of traditional reductionist approaches. While 
many examples exist of ecological and geomorphological phenomena described in 
terms of self-organization, this is rare for interactive ecological-geomorphological 
systems. Here we analyze the geobiological interactions of Azorella selago-banked 
terraces in terms of their self-organizing behaviour. Self-similarity across spatial scale 
of the landforms is tested by means of measurement of terrace morphometry at three 
different locations. The degree of order of the landscape at the sites in which the 
terraces are found, is estimated by means of Shannon's entropy index. Based on 
available data and theoretical considerations, we develop a theoretical model for 
terrace development, viewed as a self-organizing system, in which repeated small 
perturbations (frost cycles) on a randomly distributed substrate (non-sorted glacial 
till), lead through several feedback loops (particle size sorting and Azorella 
stabilization and growth dynamics) to a self-organized landscape (non-random terrace 
distribution), where terrace morphology can be viewed as an emergent property of the 
system. The morphometrical analysis suggests that terraces show a certain degree of 
self-similarity but that terrain factors, such as slope angle, play a role in the specific 
organization of the landforms. As all slopes have had ample time to develop terraces, 
self-organization cannot be tested through time by means of entropy analysis. 
However, the three different sites each display as a distinct cluster of entropy values. 
We conclude that approaching the study of turf-banked terraces and the interactions 
between ecological and geomorphological systems from the perspective of self
organization theory can lead to promising new perspectives and insights. 
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