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two bacterial strains along with the results from our phenotypic and genomic investigations that provide 
insight into the ecological roles these strains play within their host ecosystems. Finally, I will also briefly 
describe a new project we have just completed (The 1000 Springs Project; 1000Springs.org.nz) which 
aims to determine the ecological and physicochemical parameters that drive microbial community 
assembly within geothermal ecosystems. 
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Anthropogenic activities have significantly altered global biogeochemical nitrogen (N) cycling leading 
to major environmental problems including freshwater eutrophication. Soils in the riparian zone, the 
interface between terrestrial and aquatic ecosystems, may decrease N loads to streams through plant 
uptake and microbial transformations. However, the ecological functioning of riparian zones are often 
compromised due to degraded physical and biological conditions (e.g. vegetation clearing, invasive 
species, and nutrient pollution). Restoration to maximise N retention in riparian zones requires a 
mechanistic understanding of the processes which underpin the microbial N cycle, particularly the 
spatial distribution of N and the structure and activity of key N-cycling microbes. Our aim was to assess 
the spatial organisation of soil microbial communities in riparian zones of contrasting land use 
(agricultural versus native vegetation ecosystems) using 16S sequencing accompanied with qPCR of 
archaeal and bacterial nitrogen cycling functional genes (AOA, AOB, nirK, nirS, nosZ). Riparian soil 
was sampled at 0m (parafluvial zone), 1m, 2m, 5m and 10m distance from one stream within each 
land use with four latitudinal transects each. Riparian vegetation cover was characterised to measure 
localised disturbance. Soil physiochemistry (TOC, NH4+, N03-), N functional genes and microbial 
community composition differed between land uses and by distance from the stream. All N functional 
genes were more abundant at the native site, particularly in the parafluvial zone, likely owing to greater 
diversity of vegetation habitats and soil physiochemistry compared to the agricultural site. The 
abundance of nirS and nosZ, key enzymes in the soil N denitrification pathyway, were highest in the 
native ecosystem parafluvial zone.  AOA, nirS and nosZ all increased towards the stream at both sites; 
indicative of an increase in microbial activity in areas with greater organic deposition and fluctuating 
anoxic/oxic conditions (due to intermittent inundation). There was no latitudinal pattern for AOB or nirK. 
These findings highlight the importance of parafluvial soils as catalysts for N processing, especially in 
stream reaches dominated by native vegetation. Spatial partitioning of N fractions and microbial 
communities in riparian zones should be accounted for when planning restoration activities. 
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Arid lands encompass over 70% of Australia’s mainland and are set to increase and change under 
predicted climate models. In addition to being biodiversity hotspots, they sustain a range of key 
industries including agriculture, mining, and tourism. As demand for the resources of arid lands grows, 
there is inevitably a clash between maintaining ecological productivity and land degradation through 
continued economic use. Within this context, we seek to understand the natural histories of biocrusts 
- topsoil assemblages of microorganisms, mosses and lichens – and their potential as agents for arid 
land rehabilitation. 
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Using next-generation sequencing, we have profiled biocrust microbiomes at local and intra-
continental scales across Australia. Our datasets illustrate the natural status of biocrusts and help 
establish informed targets to assess and monitor topsoil recovery. The role of cyanobacteria in the 
formation and maintenance of biocrusts was highlighted. Seasonality of precipitation was identified as 
a key factor affecting biocrust assembly on an intra-continental scale, indicating biocrust restoration 
will rely on employing locally-adapted, endemic strains. In addition, we have isolated key biocrust 
cyanobacteria species and conducted novel microcosm experiments examining the effect of 
Microcoleus sp. and Nostoc sp. on seedling establishment. We performed bio-priming of seeds with 
the indigenous cyanobacteria and showed this had significant positive effects on the germination rates 
of Acacia hilliana and Senna notabilis, two native species used in restoration. Our work highlights the 
importance of biocrusts in drylands and is developing practical approaches for their integration with 
current rehabilitation strategies to enhance ecological outcomes. 
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It is well-established that hydrogen (H2) and methane (CH4) are produced within the anoxic 
environment of termite hindguts as a result of microbial lignocellulose digestion and methanogenesis. 
Termites have been found to emit these gases at vastly different rates, depending on feeding groups 
and species. In contrast, surprisingly little is known about H2 and CH4 turnover from the prospective of 
the oxic environment of mounds and nests that termites live in. Here we present initial results of a 
comprehensive study on H2 and CH4 turnover in termite mounds of Northern Australia. We employed 
a suite of field- and laboratory-based techniques to quantify H2 and CH4 oxidation and identify the 
responsible microbial communities in mounds of two termite species with different mound architectures 
and representing the dominant feeding habits. Mounds appeared to be a sink for atmospheric H2 and 
a source for CH4. However, CH4 emissions were mitigated by microbial CH4 oxidation. Remarkably, 
both methanotrophic and hydrogenotrophic communities were able to utilize a vast range of substrate 
concentration, spanning from the percent range to sub-atmospheric (part per million). While bacterial 
communities appeared to be evenly distributed among different mound locations (core and periphery), 
the methanotrophic community was concentrated in the core and differed according to the mound-
dwelling termite species. The hydrogenotrophic communities appeared to be highly active, with varying 
activity according to mound locations. In conclusion, our results suggest that mound-associated 
microbial communities mitigate emissions of the greenhouse gas CH4 and influence atmospheric 
H2 cycling. 
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Agricultural production in post-mining environments is becoming increasingly important globally as 
many regions are challenged with food security and post-mining land use legacies. Although there are 



  


