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Abstract  

Biocrusts play a pivotal role as ecosystem engineers, mitigating soil erosion, enhancing soil stability, and enriching 

nitrogen availability in rangelands. In northern Australian savannas, prescribed fires are a common land 

management strategy. However, fire impacts biocrust function, making it important to monitor biocrust cover to 

assess ecosystem health and guide sustainable land management practices. In this study, we investigated land cover 

with a focus on biocrusts, before and after prescribed fire events at Victoria River Research Station in the Northern 

Territory.   

A 2.6 km² patch situated more than 2 km from water in the north-west corner of a 14.7 km2 paddock was burnt in 

October 2022. Cattle were left in the paddock both during and after the fire. High-resolution PlanetScope imagery 

was used to track changes in land cover between July 2022 and June 2023. Reference sites that included bare soil, 

biocrusts (95% coverage) and vegetative cover (grass, shrubs and trees), were collected in the field. Crust Index 

was employed to discriminate between land cover classes. Using supervised classification with a random tree 

classifier, we achieved 90% accuracy in identifying these land cover classes across multiple time points.  

Post-fire, early wet season, biocrust cover decreased by 10.8%, from 67 ha pre-burn to 39 ha, partially due to an 

increase of 10% in vegetation cover (189 ha to 215 ha). Grass canopies had obscured the biocrusts underneath 

them. Bare soil areas expanded by 20%, from 7.9 ha to 9.7 ha, likely due to cattle preferentially utilising the burnt 

areas post fire during the following wet season. These findings underscore the importance of monitoring and 

adaptive strategies such as spelling paddocks from grazing post fire, essential for sustainable and resilient 

ecosystems.  
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Introduction  

Australian rangelands cover vast areas across the country and are essential components of the nation’s 

environmental, societal, and industrial dynamics. However, these landscapes are under increasing pressure from 

climate change and degradation, which threaten native vegetation, diminish landscape functionality, and cause 

local extinctions of various biota, including shifts in fungal and bacterial community structures (Hodgkinson & 

Wang, 2020). Biocrusts are unique and diverse communities of microorganisms, including bacteria, cyanobacteria, 

fungi, algae, lichens, mosses, and liverworts, that inhabit the soil surface and its upper layers. These biocrusts are 

predominantly found in regions with limited water availability and sparse vegetation cover (Weber et al., 2022). 

Occupying much of the soil surface in rangelands, biocrusts play a critical role as ecosystem engineers by 

mitigating soil erosion, enhancing soil stability, and enriching nitrogen availability. Disturbance factors such as 

fire and grazing significantly influence these biocrusts (Belnap & Eldridge, 2001).  

In the Australian rangelands, prescribed fire is commonly used as a tool to manage vegetation density and 

regeneration (Nielsen et al., 2020). However, fire impacts biodiversity, including biocrusts, which provide several 

ecosystem services, such as reducing soil erosion and replenishing nutrients. Therefore, monitoring land cover 

changes, including biocrust distribution during prescribed fire events, is crucial for assessing ecosystem health and 

informing decision-making for sustainable rangeland management practices.  

Remote sensing is essential tool for monitoring land cover and land use changes, and is a popular tool among 

agriculturalists and rangeland ecologists (Wabnitz et al., 2008). Detection and mapping for regional distribution 

of biocrust can be implemented using remote sensing with different platforms, spaceborne, Airborne, and 

Unmanned Aerial Vehicles (UAVs) (Rieser et al., 2021). Utilising satellite imagery offers a variety of benefits, 

primarily in its ability to generate a comprehensive temporal range of data. This capability allows for the 

quantification of both spatial and temporal changes within specific regions.  

Multispectral satellite with high spatial resolution is considered to detect biocrust for large scale areas. Several 

studies have revealed that numerous species face limitations in producing detectable spectral signatures (Baxter et 

al., 2021). Biocrust’s spectral signature resembles both soil and vegetation due to the dynamic states of 

microphytes that only actively photosynthesise when moist. This results in biocrusts appearing soil-like when dry 

and exhibiting a vegetation appearance when wet, and engaged in photosynthesis (Rozenstein & Adamowski, 

2017).   

To address this complexity, specialised methodologies have been developed, including the Crust Index, which 

utilises the normalised difference between red and blue spectral bands to detect cyanobacteria-dominated biocrusts 

(Karnieli, 1997). This approach leverages the unique reflectance properties of cyanobacteria, distinguished by the 

presence of the phycobilin pigment, which strongly reflects in the blue spectral region compared to sandy 

substrates (Karnieli & Sarafis, 1996).  

In northern Australian rangelands, research on biocrust distribution and its response to prescribed fire remains 

limited. In this study we investigated land cover changes, including biocrust dynamics, before and after prescribed 

fire events, using high-spatial-resolution imagery from PlanetScope (3 m resolution). Cyanobacteria-dominated 

biocrusts, known to be prevalent in northern Australian rangelands (Williams et al., 2014), were analysed using 

the Crust Index to elucidate their spatial distribution and response to fire-driven disturbances. This research 

contributes to bridging knowledge gaps in biocrust area distribution and informs sustainable land management 

practices in the rangelands. 

Methods 

The study was conducted over a 2.6 km² area located at the Victoria River Research Station, Northern Territory, 

Australia. A prescribed fire event was carried out in October 2022, with cattle remaining in the paddock both 
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during and after the fire. Reference data were collected in the field to establish baseline conditions for land cover 

classes, including bare soil, biocrusts (95% coverage), and vegetation (comprising grass, shrubs, and trees). High-

resolution imagery from PlanetScope (3 m spatial resolution) was employed to monitor land cover dynamics over 

the study period, spanning from July 2022 to June 2023.  

The Crust Index was applied to differentiate land cover classes, particularly for detecting cyanobacteria-dominated 

biocrusts (Karnieli, 1997). A supervised classification approach using a random tree classifier was implemented 

to categorize the land cover into predefined classes. This method achieved an overall classification accuracy of 

90%, effectively capturing temporal changes across multiple observation points. 

Results 

In this research, the spectral analysis is crucial in evaluating land cover changes employing crust index (Fig 1). 

The fire event significantly altered land cover dynamics within the study site, which included four primary classes: 

vegetation, bare soil, and biocrusts. The vegetation cover expanded from 189.27 hectares before the fire event 

during the dry season (July–September 2022) to 215 hectares after the fire event in the post-wet season (April–

June 2023). Biocrusts exhibited a pronounced seasonal pattern, with coverage peaking at 67.18 hectares pre-fire 

and declining to 39.07 hectares post-fire. Conversely, bare soil areas increased from 7.9 hectares before the fire to 

9.7 hectares following the fire in the post-wet season. 

 

Figure 1. Seasonal land cover changes: (a) Training polygons for different land cover types: blue represents 

biocrusts, light green indicates grass, purple denotes trees and shrubs, and red corresponds to bare, degraded soil. 

The Crust Index effectively discriminated biocrusts from vegetation and bare soil during (b) the dry season (pre-

fire) and (c) the post-wet season (post-fire). 

Discussion 

Post-fire rainfall introduced challenges in accurately capturing the spectral signatures of biocrusts, as increased 

vegetation cover overshadowed biocrust reflectance (Swe et al., 2023). Our findings underscored the 

discriminative capabilities of the Crust Index in capturing the spectral response differences among individual 

classes in every season. The pronounced recovery of vegetation—particularly grasses, trees, and shrubs—after the 

fire was driven by consistent rainfall, highlighting the resilience of rangeland flora to disturbance events. Bare soil 

areas expanded by 20%, likely due to livestock preferentially grazing in burned regions during the subsequent wet 

season. These findings highlight the complex interactions between fire, rainfall, and land cover dynamics in 

rangeland ecosystems. They also underscore the importance of post-fire management strategies, such as resting 

paddocks from grazing, to allow the recovery of vegetation and biocrust communities.   
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