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ABSTRACT  
Cyanobacteria-dominated soil crusts are a significant component of Australian arid and semi-arid 
landscapes. Morphogenetic adaptation has enabled cyanobacteria to respond to both short- and long-term 
changes in their environment. Cyanobacteria thrive on intermittent ‘nuisance’ rain and have the capacity 
to withstand inundation by sand, excessive temperatures and long periods of desiccation. They respond to 
moisture within a few seconds of wetting where respiration commences with as little as 0.5 mm 
precipitation. Cyanobacterial soil crusts attained positive net photosynthesis at 37oC. Certain species 
appeared to respond differently to the effects of drought. Our data showed that following two years of 
severe drought, four species of cyanobacteria responded well to rain, recovering close to pre-drought 
levels after the first year. Two other species were much slower to recolonise, taking up to two years to 
recover. Species such as Microcoleus and Schizothrix were observed to have high motility, moving 10-20 
mm to the surface in response to gradients in light and moisture. In contrast, Stigonema, Scytonema and 
Porphyrosiphon were surface dwellers, with the strong pigmentation in their outer sheaths providing UV 
protection. We conclude that changes in species composition of cyanobacterial soil crusts over time may 
be important indicators of changes in soil nutrient gradients and rainfall patterns.  
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INTRODUCTION 
Cyanobacteria are one of the most primitive plant forms that inhabit harsh terrestrial environments where 
other vegetation often struggles to survive. These prokaryotic micro-organisms frequently occur as masses 
of colonial cells or bundles of filaments and are an integral component of soil and rock biofilms (Büdel, 
2003) and biological soil crusts (lichens, cyanobacteria, liverworts, mosses, algae, fungi and bacteria). 
Biogenic crusts colonise bare ground or micro-patches between tussock grasses across arid and semi-arid 
landscapes and perform a functional role in surface stability and nutrient flows (West, 1990). 
Cyanobacteria are resilient to climatic variability and have the capacity to withstand exceptionally long 
dry periods (Mann, 2001). They carry out photosynthesis under low light conditions, and with limited 
moisture across a broad range of temperatures (Rascher et al., 2003). 
 
We examined cyanobacteria-dominated soil crusts from a semi-arid mulga woodland (Glencoban 
Paddock, 28o10’S; 146o02’E, SW QLD) over four years in contrasting climatic phases that included pre-
drought (2002), drought (2003), post-drought recovery (2004) and seasonal drought (2005). In this paper 
we demonstrate evidence of the resilience and functional capacity of cyanobacteria-dominated soil crusts 
to remain photosynthetically productive even in drought cycles. 
 
METHODS AND RESULTS 
At Glencoban Paddock whole samples of cyanobacterial soil crusts (7 cm x 7 cm x 1 cm depth) were 
collected from two contrasting landscape zones – run-on (WBD) and runoff (RF), and of different 



cyanobacteria/crust compositions. Under controlled laboratory conditions these crusts were subjected to a 
range of light, temperature and moisture regimes using an Automatic Cuvette System (ACS, Walz 
Company, Germany). Photosynthetic performance (and productivity) under these varying conditions is 
expressed as CO2 gas exchange rates and shown in Figures 1-4. 
 
We also recorded the frequency (on a presence/absence basis) of cyanobacterial species at the research site 
over the four years. A total of 540 crust samples (2 cm x 2 cm) were collected from quadrats located 
adjacent to permanent transects situated across the paddock (Williams et al., 2008), but not in areas < 200 
m from stock watering points. Five cyanobacteria species that showed significant changes over time are 
represented in Figures 5-9. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figures 1 and 2. Photosynthesis (expressed by rate of CO2 gas exchange) in relation to water content of 
cyanobacterial soil crust samples from two different sites. 
 

 

 
 

 

Figure 3. CO2  exchange rates at rising 
temperatures.   

Figure 4. CO2 exchange rates in relation 
to light intensity 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
DISCUSSION 
This is the first time that photosynthetic productivity has been measured for Australian cyanobacteria-
dominated soil crusts and it clearly demonstrates their low moisture requirements and adaptation to high 
temperatures. Soil-resident cyanobacteria have the capacity to commence respiration after about 0.5 mm 
of rain (Figures 1 and 2), and under exceptionally low light conditions (Figure 4). Productivity of these 
crusts peak at 37oC; within the range of soil surface temperatures regularly experienced at the research site 
(unpublished data). CO2 uptake responses of crusts from both zones were similar with regard to light 
intensity and temperature. However, the run-on (WBD) crust type needs less water to become activated 
than the runoff (RF) crust type. Nevertheless, runoff crusts reached higher rates of net photosynthesis 
while the activity of run-on crusts was depressed by over-saturation of water much sooner than the runoff 
crusts. We cannot explain this fully without further investigation. 
 
At the study site we found that cyanobacteria were adapted to survive being covered by broad deposits of 
sand (Williams, 2004). Naturally, surface-dwelling cyanobacteria such as Stigonema and Scytonema 
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Stigonema ocellatum Porphyrosiphon notarissi

Scytonema cf. hofmann-bangii Gloeocapsopsis cf. dvoraki 

Schizothrix sp. 

Figures 5-9. Frequencies of five cyanobacteria 
species over four years (2002-2005) of changing 
climatic conditions 



contain high levels of scytonemin in their outer sheaths that provided protection from UV damage. Other 
cyanobacteria such as the filamentous Microcoleus are highly mobile when moist and have the capacity to 
move between the surface environments or to seek sub-surface refuge, thereby gaining protection from 
potentially damaging environmental conditions. Our data also showed that the recovery of different 
cyanobacteria occurred at different rates (Figures 4-9) suggesting a diversity in their water requirements, 
as demonstrated by the contrasting respiratory activity of the two crust types. 
 
Based on the CO2 exchange data and the different responses of the two crust types to similar moisture 
regimes (Figures 1 and 2), it appears that species will vary in their vulnerability to altered rainfall patterns 
likely to be associated with global climate change. It follows that persistent changes in rainfall gradients 
would more than likely bring about a change in cyanobacteria species composition of soil crusts, and it is 
also likely that lichens and mosses would be highly susceptible to climate change (Belnap et al., 2008). 
Although biological crusts are generally resilient and adaptable, any compositional changes would 
potentially result in critical changes to soil nutrient pools and ecosystem stability and have flow-on effects 
to landscape function. Biological soil crusts are integral components of the landscape, and in the 
Australian context, occur over extensive areas of southern Australia. Cyanobacterial crusts are critically 
important terrestrial biota as they are also widespread in northern Australia, south of the tropics. The 
challenge will be to adequately assess their roles in terms of carbon sequestration given climate change 
predictions over large areas of the continent. The first step however is the establishment of a continent-
scale comprehensive biogeographical database of soil crust species in order to underpin any future 
research. 
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