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Objective and Scope of Study

Microbial activity is likely to be a factor in rock weathering over time. Rock surfaces are

considered extreme environments for microorganisms and the bacteria that colonize such extreme environments are pioneer organisms well adapted to tough conditions like cold, heat, dry, and low-nutrient concentrations. Microbes will most often associate with a rock surface in a structure known as "biofilm", a common microbial strategy for efficient nutrient scavenging at low nutrient concentrations. In biofilms many kinds of microbes (bacteria, archaea and fungi) may live together in an adaptated way that maximizes their access to nutrients. The biolithotrophic microflora, especially bacteria, colonising rock surfaces at selected sites close to and distant from industrial emissions on the Burrup peninsula are being investigated.

This study has the overall objective to assess the microbiology of rock surfaces and to monitor the microbiological differences (if any) of seven rock art sites from low and high emissions risk areas in the Burrup Peninsula (Western Australia) over a four year period (2004-2007). Baseline data are being collected on microbial diversity on rock surfaces that are being monitored for physical rock surface changes. Simple identification is proposed to the appropriate level but not necessarily to family/genus/species. The gross number and diversity of microorganisms on rock surfaces in areas close to and distant from industrial emissions are being characterised. 

Approaches

Several different approaches are being taken to monitor the microbial diversity on the rock surfaces. In the first approach traditional isoiation and culture techniques are being used to provide data at one level on the microbial populations of major groups of chemolithoautotrophic (chemolithotrophs), chemoorganoheterotrophic (chemoorganotrophs), photolithoautotrophic (photosynthetic) and photoorganoheterotrophic microflora. Investigation of the microbial communities on the rock surfaces using these conventional methods provides useful information about some of the microorganisms present on the rock surfaces. However it is recognised that this approach will not provide data on the in situ microbial community structure because of the selective culturing conditions. Accurate study of the community structure of biofilms is a chaIlenge since the community diversities within the biofilms may be reduced through selective culturing conditions. Therefore a second approach, using molecular techniques such as PCR methods and 16S rDNA sequence analysis, is being attempted to study the bacteria associated with the rock surfaces. The aim of the second approach is to provide data for a molecular phylogenetic assessment of the microbial diversity on the rock surfaces close to and distant from the industrial emissions. A third approach will be to use electron microscopy to observe the microbial diversity on rock surfaces collected from different sites. 

Methodology

Samples were collected during 27th - 28th July 2004, and 15th September 2005 from the five southern sites close to the industrial emission sources (Woodside East, Burrup Rd, Water Tanks, Deep Gorge and King Bay), and on 29th July 2004 and 14th September 2005 from two of the northern sites distant from the industrial emission sources (Dolphin Island and Gidley Island). 

In 2004 and 2005, samples for isolation of microbes were collected front rock surfaces at each site using sterile swabs moistened with sterile water, and sterile filter paper discs moistened with either sterile water, saline, isotonic buffered solution or media. Sampled areas were photographed and described for location of sample sites for return visits. Microscopic rock samples were collected aseptically from rock surface at each site for direct sampling for enrichment cultures. In addition, in 2005 rock samples were collected from shaded and exposed sites. Samples were stored at 4ºC until used for isolation and enumeration of bacteria. Populations of major groups were enumerated using direct counts and Most Probable Number (MPN) viable counting techniques. Complex media (eg. nutrient, tryptone soy and Pseudomonas isolation medium) and basal minimal media, with supplements (eg. yeast extract, iron sulphate, tetrathionate) were used for isolation and enumeration of bacteria. To date, isolates have been characterised using isolation medium, microscopy, Gram staining, and cultural characteristics. Techniques are being developed for direct isolation of DNA from rock surfaces for molecular characterisation of biofilm communities.

Results

The majority of samples collected during July 2004 and September 2005 from rock surfaces at all sites on the Burrup Peninsula have not shown any evidence of containing viable bacteria (Table la, b). There were less positive samples collected in 2005. 
To date, chemolithotrophic and chemoorganotrophic bacteria have only been isolated from 14-34% of the samples collected aseptically at all sites (Table la, b). There was no difference between the different sampling methods used to try to isolate bacteria from the rock surfaces. The chemoorganotrophic organisms include both Gram-positive rods and cocci, and Gram-negative bacteria. Gram-positive bacteria were isolated from 10 - 26% of samples, whereas Gram-negative bacteria were isolated from 6 - 16% of samples (Table la, b). Evidence of the presence of spore-forming bacteria in a few limited samples was obtained by observation of growth of Grain-positive rods in samples following heat treatment. Enumeration of the number of bacteria present in samples using the most probable number technique indicates low populations (usually <10 cells/cm2) are present at all sites. Estimations of gross numbers of bacteria using direct plate counts were always lower than those obtained from the MPN technique. 
Chemolithotrophic bacteria were isolated from 6 - 14% of samples collected (Table la, b). These organisms grow very slowly on the minimal media. Microscopic observations of enrichment cultures grown from rock samples collected aseptically bare shown mixtures of bacteria are present on rock surfaces at all sites. These enrichment cultures will provide additional isolates to study data on the diversity of populations associated with rock surfaces. Neither fungi nor photosynthetic organisms have been isolated from any samples.
Conclusions

The data obtained from both the July 2004 and September 2005 samples indicate the rock surfaces at the monitoring sites on the Burrup Peninsula have very low populations of culturable chemoorganotrophic and chemolithotrophic bacteria. The majority of the surfaces sampled contained <10 viable bacteria/cm2. All sample sites appear to have rock surfaces with similar low numbers and similar broad types of bacteria. To date the data shows no differences in the gross number and broad diversity of microorganisms associated with samples collected from sites close to and distant from industrial emissions on the Burrup peninsula. Environmental constraints (absence of water, extremes of temperature and lack of organic carbon) are likely to be the primary cause for the low numbers of bacteria being detected.
[image: image1.png]Table 1a. Isolation of bacteria from samples collected in July 2004 from rock surfaces at
\ selected sites being used for the Burrup rock art-monitoring program.

Site Site Samples' No Growth® | Gram | Gram | MPN° | Litho’
number location growthz +ve' | -ve’
1 Dolphin Is 50 34 16 12 8 <100 6
2 Gidley Is 50 36 14 10 5 <10 4
4 WIS east 50 35 15 12 3 <10 5
5 Burrup rd 50 34 16 11 it <100 3
6 Water tanks 50 36 14 9 5 <10 4
7/ Deep gorge 50 33 17 13 8 <100 7
8 King Bay 50 35 15 11 6 <10 5

Table 1b. Isolation of bacteria from samples collected in September 2005 from rock surfaces
at selected sites being used for the Burrup rock art-monitoring program.

Site Site Samples' No Growth® [ Gram | Gram | MPN¢ | Litho’
number location growth® +ve' -ve*
1 Dolphin Is 50 42 8 8 8 <10 7
2 Gidley Is 50 40 10 i 5 <10 7
4 W/S east 50 43 7 5 3 <10 5
5 Burrup rd 50 38 12 8 5 <10 6
6 Water tanks 50 39 11 7 8 <10 5
7 Deep gorge 50 41 9 9 3 <10 4
8 King Bay 50 38 12 11 2 <10 6

! Number of samples assessed

2 Number of samples showing no growth of bacteria

3 Number of samples showing growth of bacteria

* Number of samples containing Gram +ve bacteria

> Number of samples containing Gram -ve bacteria

¢ Most probable number estimation; <10 =0 - 10 cells/em2; <100 = 0 — 100 cells/cm2
7 Number of samples containing chemolithotrophic bacteria





