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Executive Summary

This study aimed to assess the microbiology of rock surfaces on the Burrup Peninsula with a view to monitor the microbiological difference (if any) of rock art sites. The microbiological assessment was undertaken by characterising the gross number and diversity of microorganisms on rock surfaces over a four-year sampling period (2004-2008) at five sites close to industrial emission sources, and at two sites distant from industrial emission sources. 

During the sampling period all seven sites had rock surfaces with similar very low populations of cultivable chemoorganotrophic and chemolithotrophic bacteria, usually <10 viable bacteria/cm2. In addition, all sample sites appeared to have similar broad types of diverse bacteria (Gram-positive bacteria, Gram-negative bacteria, spore-formers, actinomycetes, iron oxidisers, sulphate oxidisers) and low numbers of fungi. 

Lichens were never observed to have colonised petroglyphs. Lichens were observed to be relatively diverse and abundant near Site one on Dolphin Island, but were relatively rare at the six other monitoring sites and there appeared to be no relationship between presence of lichens and proximity to sources of industrial emissions.

There were no evident 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.
Project Introduction and Overview

The Burrup Peninsula is located in the Dampier Archipelago on the north-west coast of Western Australia, and is the site of a very large number of indigenous petroglyphs, images made by pecking and/or engraving the weathered rock surfaces. These petroglyphs have major cultural significance for indigenous people, and national and international importance.

The region where the Peninsula is located has a tropical semi-desert climate characterised by low variable rainfall (average annual rainfall. 250 – 300 mm) and high summer maximum temperatures. 

The Peninsula is also the location of a major industrial centre containing the main LNG treatment plant for Western Australia; iron ore export facilities, solar salt fields and an ammonia plant. In response to concerns about the impact of industrial emissions on the petroglyphs the Western Australian Government established in 2002 the independent Burrup Rock Art Monitoring Management Committee to oversee studies to assess whether industrial emissions could affect the ancient rock art on the Burrup Peninsula.

Six individual study components were established to evaluate the physico-chemical and biological aspects of the environment on the rock surfaces of the Burrup with a view to evaluating environmental impacts from industry.  This report is of the Study five component of the program to assess the microbiological diversity on rock surfaces at seven sites, as shown in the map below (site 3 excluded), established by the Burrup Rock Art Committee.
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Map of the Burrup Peninsula showing the rock art monitoring sites
Key: Site 1 – Dolphin Island; Site 2 – Gidley Island; Site 3 – Northern Burrup; Site 4 – Woodside East; Site 5 – Burrup Rd; Site 6 – Water Tanks; Site 7 – Deep Gorge; Site 8 – King Bay 
Microbial activity is likely to be a factor in rock weathering over time.  Rock surfaces are extreme environments for microorganisms, and the bacteria and fungi that colonize such extreme environments often are pioneer organisms well adapted to the stressful conditions encountered such as extremes of cold and heat, desiccation, and low-nutrient availability.  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 adaptive way, which maximizes their access to nutrients. In this study the biolithotrophic microflora, especially bacteria, colonising rock surfaces at selected sites close to and distant from industrial emissions on the Burrup Peninsula were investigated. Lichens are important pioneer species of rock surfaces with characteristics of significance to the purpose of this study.

Study Objectives

The objectives of the monitoring at the sampling locations were to assess the microbiology of rock surfaces, monitor microbiological difference (if any) of rock art sites from low and high emissions risk areas, and characterise the gross number and diversity of micro-organisms on rock surfaces.  The seven sampling locations were co-located at the same sites as the colour change and mineral spectrometry studies. Baseline data were collected on microbial diversity on rock surfaces at locations adjacent to those monitored in the other study components for rock surface chemistry and mineralogy.  Simple identification of isolates to an appropriate level was proposed, but not necessarily to family or genus or species level.  The gross number and diversity of microorganisms on rock surfaces in areas close to and distant from industrial emissions were characterised.

Approaches to the Study

Three different approaches were taken to monitor the microbial diversity on the rock surfaces.  In the first approach traditional isolation and culture techniques were 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.  It is recognised that this approach will not necessarily provide data on the in situ microbial community structure because of the selective culturing conditions, which may only isolate 1-5% of organisms (Torsvik and Lise 2002).  Accurate study of the community structure of biofilms is a considerable challenge since the community diversity within biofilms will be reduced through selective culturing conditions.  However, the cultivation approach does enable practical characterisation of the microbial diversity that provides a general perspective of dominant cultivable microflora at the survey sites.  A second culture-independent approach, using molecular techniques, was attempted to study the bacterial communities associated with the rock surfaces. A third approach was to use electron microscopy to observe the microbial abundance and diversity on rock surfaces collected from different sites.

Methodology

Samples were collected for the microbiological studies at seven of the sites on the Burrup Peninsula being monitored in the program established by the Burrup Rock Art Monitoring Management Committee (Lau et al. 2007). At each site samples were collected from locations adjacent to, and within 50 m of, the representative petroglyph being monitored in other field study components during the project. Further details on the locations of the monitoring sites are contained in the reports from other studies (see Lau et al. 2007). In this microbiological study samples were not collected directly from petroglyph surfaces, and only from rock surfaces adjacent to, and in the vicinity of, petroglyphs. Two principal sampling strategies were used; small rock pieces were collected aseptically on site in sterile eppendorf tubes for direct assessment, viable counting and enrichment cultures, and secondly samples were taken from rock surfaces adjacent to petroglyphs using sterile swabs, sterile filter paper discs and contact plates. 

Samples were collected during 27th – 28th July 2004, 15th September 2005, 1st - 3rd August 2007 and 18th – 21st August 2008 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, 14th September 2005, 2nd August 2007 and 20th August 2008 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 from rock surfaces at each site using sterile swabs moistened with sterile distilled water or sterile 0.9% (w/v) NaCl, and sterile filter paper discs moistened with sterile solutions of either distilled water, saline, phosphate buffered saline or media. Microscopic rock samples were collected aseptically from rock surface at each site for direct sampling for enrichment cultures. In addition, in 2005, 2007 and 2008 small rock samples (1-10 mm diameter) were collected from shaded and exposed sites. Samples were stored at ambient temperature during the day of collection and subsequently 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 (Vincent 1970). 

The media used for this study were selected with a view to examine the presence and diversity of a range of microbial groups at each site (Atlas 1997). Actinobacteria were assessed using actinomycetes isolation agar (Difco); fungi were assessed using potato dextrose agar (PDA, Difco) and heterotrophic bacteria were assessed on a range of rich complex agar-based and broth media including nutrient, tryptone soy, and Pseudomonas isolation medium.  

In addition bacteria were isolated on R2A medium (Oxoid), a non-selective low nutrient medium designed for growth of heterotrophic bacteria from low nutrient environments (Atlas 1997).  Iron and sulphur oxidising bacteria were assessed using a basal broth medium adjusted to pH 2.0, 3.0, 4.0, 5.0 6.0 or 7.0 and supplemented with 10 g L-1 ferrous sulphate and 2 g L-1 sodium tetrathionate (Hawkes et al. 2006).  Small samples of rock aseptically collected were also incubated in sterile distilled water.  Spore-forming bacteria were isolated after heating samples at 80 0C for 10 minutes. Cultures were incubated at 280C, 370C and 450C for up to three months to enable assessment of slow-growing organisms. Isolates were characterised using isolation medium, microscopy, Gram staining, cultural morphology and biochemical tests. 

Several methods for direct extraction of DNA from rock surfaces were tested during this study without success in obtaining consistent levels of undegraded DNA suitable for molecular analysis of community structure. The lack of success with these extraction methods were in part attributed to the very low levels of microbial abundance, the high metal content of samples and the inherent challenges of extracting DNA from rock surfaces. Given the objectives and nature of this study the molecular approach was not pursued, however in a more comprehensive study it would be possible to characterise the bacterial community structure on the rock surfaces using molecular approaches such as automated ribosomal intergenic spacer analysis (Ranjard et al. 2001; Gleeson et al. 2006).

Samples for scanning electron microscopy (SEM) were air dried, sputter-coated with gold and examined using a Scanning Electron Microscope for visual assessment of microbial colonization.

Results and Discussion

Bacteria, Actinomycetes and Fungi

The majority of samples collected during the four-year sampling program from rock surfaces at all sites on the Burrup Peninsula did not show evidence of containing large populations of viable bacteria cultivable on the range of media used in this study. Representative data are shown in Tables 1, 2, and 3, with similar results being recorded for samples collected from shaded and exposed rock surfaces in 2005 and 2007.  At the time of reporting samples collected in 2008 are being processed, with results to date being consistent with those from previous samplings.  The proportion of positive samples from which bacteria were isolated varied between years and sites, and there was no consistent pattern of the presence of bacteria in samples across years and sites. There was no evidence of differences in abundance of different broad types of bacteria between samples collected from the southern and northern sites. 

Chemolithotrophic and chemoorganotrophic bacteria were isolated from 14 -34% of the samples collected aseptically at all sites.  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.  Predominantly rod-shaped Gram-positive bacteria were isolated from 10 – 26% of samples, whereas Gram-negative bacteria were isolated from 6 – 16% of samples.  Evidence of the presence of spore-forming bacteria in samples was obtained by observation of growth of Gram-positive rods in samples following heat treatment. Aerobic Gram-positive spore-forming Bacillus-like bacteria similar to organisms reported to be able to reduce hematite (Gonzalez et al. 1999) were isolated in low numbers at all sites.  There were no differences between sites in the level of spore-forming bacteria isolated.  Enumeration of bacteria present in samples using the most probable number technique indicated 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. These organisms grew very slowly in the minimal media.  All enrichment cultures grown from rock samples collected aseptically were observed to contain mixtures of bacteria with various morphotypes being cultured including predominantly small motile rods, spirilla and larger spore-forming rods.  Non-motile rods, cocci and filamentous bacteria were also present in lower abundance in enrichment cultures.  The pH of the isolation medium altered the number and apparent diversity of organisms isolated from rock surfaces, with both number and diversity being lower in enrichment media at pH 2.0 and 3.0 than in media between pH 4.0 –7.0.  This effect of pH occurred at all sites, and the enrichment cultures did not show any differences in the effect of initial culture pH on the gross diversity of populations associated with rock surfaces between sites. Fungi were not routinely isolated from rock surface samples, and when present fungal abundance was considerably lower than that observed for bacteria.  Photosynthetic organisms were not isolated from rock surface samples, and obligate anaerobes were rare.

SEM analysis of rock samples showed very low levels of morphologically diverse rod-shaped and cocci bacteria, and filamentous organisms were present on the surfaces of samples from all sites. Cells were present predominantly singly but also in small colonies forming microbial mats.  There was considerable variation between samples but no gross differences between samples from different sites that showed any relationship between presence and abundance of morphological types.
Table 1. 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 number
	Site location
	Samples1
	No growth2
	Growth3
	Gram +ve4
	Gram -ve5
	MPN6
	Litho7

	1
	Dolphin Is 
	50
	34
	16
	12
	8
	< 100
	6

	2
	Gidley Is
	50
	36
	14
	10
	5
	< 10
	4

	4
	W/S east
	50
	35
	15
	12
	3
	< 10
	5

	5
	Burrup Rd
	50
	34
	16
	11
	7
	< 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


1 Number of samples assessed 
2 Number of samples showing no growth of bacteria

3 Number of samples showing growth of bacteria


4 Number of samples containing Gram +ve bacteria

5 Number of samples containing Gram -ve bacteria

6 Most probable number estimation; <10 = 0 - 10 cells/cm2; <100 = 0 – 100 cells/cm2

7 Number of samples containing chemolithotrophic bacteria

Table 2. 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 number
	Site location
	Samples1
	No growth2
	Growth3
	Gram +ve4
	Gram  -ve5
	MPN6
	Litho7

	1
	Dolphin Is
	50
	42
	8
	8
	8
	< 10
	7

	2
	Gidley Is
	50
	40
	10
	7
	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


1 Number of samples assessed 
2 Number of samples showing no growth of bacteria

3 Number of samples showing growth of bacteria
4 Number of samples containing Gram +ve bacteria

5 Number of samples containing Gram -ve bacteria

6 Most probable number estimation; <10 = 0 - 10 cells/cm2; <100 = 0 – 100 cells/cm2

7 Number of samples containing chemolithotrophic bacteria

Table 3. Isolation of bacteria from rock samples collected in August 2007 at sites being used for the Burrup rock art monitoring program. 

	Site number
	Site location
	Number of rock samples1
	No growth2
	Growth3
	Gram +ve4
	Gram  -ve5
	MPN6
	Litho7

	1
	Dolphin Is 
	50
	35
	15
	15
	11
	< 10
	9

	2
	Gidley Is
	50
	32
	18
	17
	13
	< 10
	11

	4
	W/S east
	50
	36
	14
	13
	9
	< 10
	7

	5
	Burrup Rd
	50
	33
	17
	17
	12
	< 10
	11

	6
	Water Tanks
	50
	33
	17
	15
	13
	< 10
	9

	7
	Deep Gorge
	50
	37
	13
	11
	10
	< 10
	6

	8
	King Bay
	50
	36
	14
	12
	10
	< 10
	8


1 Number of samples assessed 
2 Number of samples showing no growth of bacteria

3 Number of samples showing growth of bacteria


4 Number of samples containing Gram +ve bacteria

5 Number of samples containing Gram -ve bacteria

6 Most probable number estimation; <10 = 0 - 10 cells/cm2; <100 = 0 – 100 cells/cm2

7 Number of samples containing chemolithotrophic bacteria
The data obtained from the four-year sampling program indicate the rock surfaces at the monitoring sites on the Burrup Peninsula have very low populations of cultivable 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 numbers and similar broad types of bacteria.  The data show 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 (Table 4).  Low population numbers of bacteria and inherent variability were common features of the data of this study and it is possible the structure and composition of microbial communities on rock surfaces on the Burrup Peninsula are strongly influenced by mineral type and to a lesser extent by the sampling location (Gleeson et al. 2006).  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. 

Table 4. Broad types of bacteria isolated from rock samples collected in September 2005, August 2007 and August 2008 at sites being used for the Burrup rock art monitoring program. 
	Type of bacteria
	Site 1

Dolphin Island
	Site 2

Gidley Island
	Site 4

Woodside East
	Site 5

Burrup Rd
	Site 6

Water Tanks
	Site 7

Deep Gorge
	Site 8

King Bay

	Gram-positive isolates
	
	
	
	
	
	
	

	Bacillus-like1
	10
	14
	6
	14
	12
	16
	10

	Paenibacillus-like2
	2
	0
	2
	0
	0
	2
	4

	Streptomyces-like3
	6
	10
	4
	2
	2
	6
	10

	Micrococcus-like4
	2
	4
	2
	6
	2
	4
	4

	Other Gram +ve’s
	22
	14
	14
	20
	22
	20
	20

	
	
	
	
	
	
	
	

	Gram-negative isolates
	
	
	
	
	
	
	

	Pseudomonas-like5
	4
	4
	2
	6
	4
	6
	2

	Other Gram –ve’s6
	10
	8
	10
	8
	4
	12
	6

	
	
	
	
	
	
	
	

	Total isolates
	56
	54
	40
	56
	46
	66
	56


1 Gram +ve endospore-forming aerobic rods 


2 Gram +ve ellipsoidal endospore-forming facultative rods

3 Gram +ve filamentous aerial mycelium with chains of spores


4 Gram +ve facultative non-motile cocci

5 Gram -ve bacteria aerobic, usually motile rods

6 Other Gram -ve isolates, either aerobic or facultative, with various rods, spiral, vibriod or ovoid morphologies
Lichens

Lichens are a true symbiotic composite organisms composed of an ascomycete fungus and either a green algae or cyanobacterium.  Lichens are an excellent example of a mutualistic relationship, one in which both partners gain benefit from the association and are unable to survive in the environment without being in the association.  The alga partner, known as the phycobint, is a photoautotroph and fixes carbon from atmospheric CO2 to provide the organic substrates for the heterotrophic fungal partner, known as the mycobiont. The mycobiont contributes water and mineral nutrients for the partnership as well as providing protection and a firm substratum.  Lichens can be primary colonizers of bare rock, and overtime break down the rock to begin the process of soil formation.  There are more than 3200 species of lichen in Australia, represented in about 400 genera (McCarthy 2003).  Lichens are less abundant in arid and semi-arid environments with about 25 genera currently being recorded.  Lichens are known as sensitive indicators of atmospheric pollution, and have been used in Europe for monitoring pollution around cities and factories.  The nature of the sensitivity of lichens to atmospheric pollutants is related in particular to the sensitivity of the photosynthetic capacity of the algal partner to sulphur dioxide. In polluted environments the lichen absorbs SO2 dissolved in rainwater, the S accumulates in the lichen to toxic levels and results in a breakdown of the chlorophyll pigments in the alga essential for photosynthesis.  As a consequence the alga dies, and the fungal partners dies because it is starved of the organic substrates it needs to survive in the otherwise inorganic environment that is the rock surface. 

As part of the assessment of the microbiology of rock surfaces on the Burrup Peninsula surveys of the abundance and diversity of lichens were undertaken at the seven different sites in 2005, 2007 and 2008.  Lichens were never observed growing on the surface of a petroglyph at any location on the Burrup Peninsula, and lichens were not present on rock surfaces within the near vicinity of the specific petroglyphs being monitored at each site. However, at the sites where lichens were observed to occur they appeared to preferentially colonize shaded and/or south-facing rock surfaces.  Lichens were not abundant on rock surfaces at six of the seven monitoring sites, with the exception being Dolphin Island where there was considerable abundance and diversity of lichens within 100 m of the petroglyph being monitored at Site one.  At this location there was considerable localised colonisation of rock surfaces by lichens, and ten different morphological types of foliose lichen being observed with colours varied from orange, yellow-green, greenish-grey, yellowish-grey, whitish-grey to grey (Figures 1 - 4).  It is likely these include lichen taxa known to occur in the semi-arid regions of Western Australia, such as Xanthoparmelia spp and others from the family Parmeliaceae (Cranfield 2004), but they could also include new taxa.

Lichens were not uncommon on rock surfaces at two of the southern sites (site five (Burrup Road) and Site seven (Deep Gorge), although there was considerable less diversity of morphological and colour types at these sites, with the majority observed being greenish-grey, whitish-grey and grey in colour.  By contrast, lichens were very rare at the other northern Site {site two (Gidley Island)}, and at three of the southern sites {Site four (Woodside), Site six (Water Tanks) and Site eight (King Bay)}.  There appeared to be no relationship between the abundance and presence of lichens on rock surfaces and proximity to sources of industrial emissions.

Conclusions

The microbiology of rock surfaces on the Burrup Peninsula has been assessed during a four-year sampling period (2004-2008) at five sites close to industrial emission sources, and at two sites distant from industrial emission sources. These seven sampling locations were co-located at the same sites as the colour change and mineral spectrometry studies. 
During the sampling period all seven sites had rock surfaces with similar very low populations of cultivable chemoorganotrophic and chemolithotrophic bacteria, usually <10 viable bacteria/cm2. In addition, all sample sites had similar broad types of diverse bacteria (Gram-positive bacteria, Gram-negative bacteria, spore-formers, actinomycetes, iron oxidisers, sulphate oxidisers) and low numbers of fungi. 
Lichens were never observed to have colonised petroglyphs. Lichens were observed to be relatively diverse and abundant near Site one on Dolphin Island, but were relatively rare at the six other monitoring sites. 

In summary, there were no evident differences in the gross number and broad diversity of microorganisms associated with rock surfaces and samples collected from monitoring sites located close to and distant from industrial emissions on the Burrup Peninsula, and there appeared to be no relationship between presence of lichens and site proximity to sources of industrial emissions.
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Figures 1 – 4 below show representative views of the diversity of lichens on predominantly shaded rock surfaces near site one on Dolphin Island.
[image: image2.jpg]



Figure 1
[image: image3.jpg]



Figure 2

[image: image4.jpg]



Figure 3
[image: image5.jpg]



Figure 4

PAGE  
Microbial Diversity on Rock Surfaces – Sept 2008
2

