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Abstract: Fire is a strong driver of ecological change. Controlled burning by land managers in the 
Northern Territory, Australia plays an important role in creating heterogeneous grassland 
savanna habitat. Although there are documented benefits of burning savanna flora and fauna, 
there is still relatively little known about succession and regrowth following fire, and how they 
may impact the ecosystem. This study addresses the long-term effects of fire on the habitat of a 
small passerine, the red-backed fairywren, Malurus melanocephalus. We used transect point 
counts to map areas of fairywren usage and associated vegetation across the study site. From this 
information I compared used areas to random points to obtain a relationship between RBFWs 
habitat preference and fire frequency, burn history, and vegetation characteristics. Next I used 
normalized difference vegetation index (NDVI) to quantify the effects of vegetative productivity 
on fairywren habitat usage both in the early dry season and late dry season. I found that that 
wrens are found in areas with a lower fire frequency, a greater time since last burn, and in 
greener habitat as the dry season progresses. This suggests that fairywrens may have preference 
for areas with more post-fire regrowth, or habitat impacted by more frequent lower severity fires. 
This better understanding of land management practices supports the use of low severity ‘fire-
breaks’ that not only prevents extensive high intensity wildfire but also facilitates a greater 
heterogeneity in the post-fire succession of the landscape. 
 
Key words: Environmental heterogeneity, fairywren, fire ecology, Northern Territory, severity, 
regrowth.  
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Introduction: 
  Australia is known for its biota forged by and adapted to a frequent pattern of fire 

(Bowman, Brown, Braby, et al., 2010). Fire is a natural process resulting from the seasonal 

fluctuation in precipitation that plays an important role in terrestrial ecological processes. With 

the rise in human activity, and therefore the increase in land management practices, over the past 

ten thousand years, there have been documented shifts in the ecological structure of fire prone 

ecosystems, such as the tropical savanna that dominates northern Australia (Guyette, Muzika, & 

Dey, 2002). Controlled burns are often set by landowners early in the dry season to create 

heterogeneity in the landscape, reduce fuel loads, and maintain biodiversity (Murphy & Russell-

Smith, 2010).  In contrast, fires that burn late in the dry season are typically not anthropogenic in 

origin, more intense, and cover a larger area than those that occur early in the burn season. These 

differences are due to an increase in winds, higher temperatures, and lower humidity that result 

in dryer vegetation as the dry season progresses (Russell-Smith, Edwards & Price, 2012).  

 In addition to landscape changes, fires vary in their severity and impact. Variation in fire 

severity influences the spatial variation of the vegetation of the habitat, essentially creating or 

diminishing heterogeneity of a landscape (Garcia et al., 2011). Fire restructures the flora in an 

ecosystem through immediate destruction of the dense, grassy under-story, which allows for the 

succession and propagation of new vegetation (Bradstock, Williams & Gill, 2002). Because of 

this, fire managers face challenges in successfully balancing both the fuel reduction and 

biodiversity maintenance aspects of fire management (Haslem et al., 2012). A key component in 

the competing interplay of fuel reduction and biodiversity conservation is the length of time over 

which successional processes operate (Haslem et al., 2012). The impacts of succession and 

regrowth cannot be measured in the shorter time period over which changes in fuel and biota 

have been documented in the past. Because of the complex effects that fire has on its 
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environment, there is still relatively little known about the long-term effects of controlled 

burning of vegetation on the local fauna of northern Australia. Species-specific responses to fire 

are likely to vary by organism, food availability, predation, and nutrient levels (Anderson & 

Muller, 2000).  

  The Red-backed fairywren (RBFW), Malurus melanocephalus, is a small insectivorous 

passerine that depend on the low vegetation in the savanna habitat of northern Australia (Rowley 

& Russell, 1997). The species may have the potential to serve as a model organism for studying 

the fine scale effects of the change in fire regimes on these grassland savannas (Lindenmayer et 

al., 2010).  In the short term RBFWs are less abundant following burns (Valentine, Schwarzkopf, 

Johnson, Grice, 2007), and have lower reproductive output after late dry season burns (Murphy 

et al., 2010). Limitations of vegetation height, type, coverage and propagation or reduction of 

prey may influence how well a species can survive within unburned and burned environments 

(Andersen & Müller, 2000; Radford & Andersen, 2012). RBFWs have been found foraging in 

recently burned habitat as well as neighboring un-burnt habitat (Crawford 1979 & Valentine et 

al.), suggesting that habitat preference is most likely not solely based on short-term fire patterns. 

Long-term trends in fire can create a heterogeneous vegetation structure (Garcia et al. 2007), 

which might play a part in long-term relationships between RBFWs and fire. While previous 

findings begin to indicate the relationship between RBFWs and fire, there are still many 

questions concerning the long-term consequences of fire on habitat use. 

  This study aims to address long-term effects of burning on RBFW habitat associations by 

exploring the question of how fire intensity and/or frequency influence RBFWs habitat selection. 

I predict that the incidence of high severity fire will be detrimental to fairywrens in the season 

following a burn due to decrease in vegetative cover, and therefore RBFWs will be found in 
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areas that have more frequent, low intensity fires. Because of the effects of fire frequency on 

habitat, it may affect RBFWs habitat use. For this reason, I expect to find wrens in areas that 

experience less frequent fires, especially late season fires, as they are often higher in severity, 

destroy more vegetation, which wrens use for foraging and predatory protection. Lastly, 

regrowth may play a positive role in fairy-wren habitat use, leading to my final prediction that 

birds should be found in habitats that have had more time for regrowth following fire. 

Methods: 

Site Information: 

We conducted our study on Coomalie Farm in Northern Territory, Australia (13.00ºS, 131.18ºE). 

The climate is a tropical savanna with a wet season from October to April and a dry season from 

May to September (Bowman et al., 2010). We conducted research during the non-breeding, dry 

season between June and August 2014. Frequent anthropogenic controlled burns characterize the 

area during the dry season. The site comprises a mosaic of savanna-woodland habitats including 

paper bark woodlands, monsoon forests, bamboo thickets, rocky hillsides, palm/cycad 

woodlands and open savannas of native and invasive grasses. The mosaic of burned and 

unburned habitats provides an ideal environment for comparative studies on vegetation 

composition and RBFW distribution (O’Toole, 2012). During May there were small controlled 

fires in isolated areas of the study site. In June there was a slow moving fire that impacted the 

northeastern area of our study site. On July 17th a rapid moving (15km/ 24 hours) fire impacted 

much of the study site.  

Transect-Based Point Count Surveys: 

We used transect count surveying as a systematic means to estimate the occurrence of the 
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RBFWs within the entirety of the study site. We divided the 2 x 3km site into a 16 line transect 

system, each transect was spaced 200 meters apart in the south to north direction. We conducted 

each of the 16 transects in the east and west direction. To eliminate bias in the order, we 

completed each 16-day cycle (32 transects) in a random order and direction. We started each 

transect right before dawn (between 0630-0645) when RBFWs are most active. By completing 

only one transect a day per observer we limited bias for time of day in bird activity. As we 

walked each transect we used a GARMIN GPS and stopped every 200m for 5 minutes to listen 

and look for RBFW activity. When RBFWs were seen or heard at any point along the transect 

we recorded their GPS location and time. Each transect walker was trained by a previously 

trained researcher to eliminate bias. We completed two full cycles of transects, one pre-fire and 

one post-fire. Before the start of the post-fire cycle, we trained a third transect observer, the 

observer shadowed a current observer prior to walking transects to reduce chance of bias.  

Vegetation Surveys: 

We used vegetation surveys to gain a detailed picture of the fine scale habitat of our study 

site. We conducted each vegetation survey in a 10x10m plot around both used and random 

points. Random surveys were conducted via 90 randomly generated points across the study site 

to gain a general survey of the study site. We conducted used surveys at points where there was 

recorded RBFW activity along transects. We conducted 116 used plots. 

 For each plot, we estimated percent cover of grass, and non-grass (bare ground, rocks, 

trees).  For grass cover, we lumped all species together and categorized them in height classes of 

0.5m to 3.5m or larger.  Next we recorded tree count and species, percent visibility at 1m with a 

checkerboard and average percent canopy cover with a densitometer. 

 



	   7	  

Quantitative Analysis: 

We mapped wren used and random points using Arc GIS 10.2. We used fire frequency, 

burn history, and late season fire frequency data, spanning 2000-2013, from Northern Australian 

Fire Information (NAFI, firenorth.org.au) to compare wren used and random points, using an 

independent t-test.  

First we tested fire frequency, which is defined as the number of times that fire occurs 

over a period of time (2000-2013) for a given area (figure 1). We then assessed years since last 

burn (figure 2), a measurement of length of time elapsed since last burn for a given area. Lastly, 

we compared late dry season burn frequency, characterized as the number of burns that occur 

after July 31st, which generally represents higher severity fires (Russell-Smith & Stanton, 2002). 

To measure green vegetative productivity of the habitat, we used normalized difference 

vegetation index (NDVI), an index of plant “greenness” or photosynthetic activity. We 

calculated NDVI in ArcGIS using images from Landsat 8 OLI satellite (glovis.usgs.gov) for 

June, July, and August 2014. In my analysis I separated wren used points based on the mid-July 

fire. I designated the categories pre-burn and post-burn and compared them separately to random 

points (figure 3).  

Next, I conducted a principal component analysis (PCA) using JMP 10 (SAS institute) 

software. By conducting a PCA, I was able to take the many variables recorded in our vegetation 

surveys and reduce them into smaller components to describe the variation within these 

independent variables that affect the RBFW distribution the most. I consolidated trees into total 

trees, total sand palm (Livistona humilis), and total saplings. With the results of my PCA, I 

conducted independent t-tests to test the correlations of used versus random within each principal 

component.  
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Results: 

Comparing wren used points (n=116) to random points (n=89) for our study site revealed 

results for wren habitat use for three different fire metrics (figure 4).  The wrens utilize habitat 

that has had a significantly greater amount of time since last burns, compared to random plots 

(t203=7.14, p<0.0001). Wrens were also using habitat that burned less frequency during 2000-

2013 than random plots (t203=-10.51, p<0.0001). There was no significant difference in late 

season fire frequency between random and used points (t203=-0.21, p=0.834).  

Analysis of NDVI for pre-fire (n=40) and post-fire (n=77) conditions determined that 

RBFWs were found in habitat that was significantly less green than average in pre-fire 

conditions, and that was significantly greener than the average surrounding vegetation (n=91) in 

post-fire conditions (t64=-3.48 P< 0.001, t132=5.94 P<0.001) (figure 5).  

Three principal components explained 63.217 percent of the data (table 1-2). PC1 

explains 28.334 percent of the variation and was dominated by grass cover of 0.5-2.5m, with a 

negative correlation for trees, bare ground, and visibility at 1m. I therefore treated this principal 

component as a proxy for low-story vegetation. PC2 explained 13.161 percent of the data and 

was dominated by total trees, with a negative correlation for mid-story shrubs, which might 

suggest that it represents upper-story vegetation. PC3, explained 12.227 percent of data, and 

displayed a strong negative correlation for 1m visibility, and low height grass (<0.5m) while also 

showing a positive correlation of mid-height shrubs and tall grass, I treated this principal 

component as a proxy for mid-story vegetation. Wrens were found in areas with significantly 

more mid-story vegetation than random locations, but used areas did not differ in low or upper-

story vegetation (table 3). 
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Discussion: 

Habitats used by RBFWs have a lower fire frequency and a longer time since last burn 

than randomly sampled locations of our study site. This suggests that wrens prefer habitat with 

longer time for regrowth between burns. More time for regrowth may positively influence 

RBFW habitat use by allowing vegetation to start the process of succession and by allowing for a 

return of food sources and increased cover for predator avoidance. Previous studies have shown 

that sites used by RBFWs have significantly greater arthropod abundance and richness than 

available sites, and that arthropod abundance and biodiversity richness are reduced in more 

recently burned areas (Rose, 2013). Results pertaining to late-season fire frequency and RBFWs 

suggest there is no significant difference between RBFW’s habitat and random points for the 

study site. Late dry season fires are often of higher intensity, due to drought-like conditions that 

persist as the season progresses. They dry the biomass and therefore cause greater intensity fires, 

which can rapidly consume the available vegetation (Woinarski and Legge, 2013). However, due 

to site-specific land management techniques, our site experiences few late-season fires, possibly 

influencing these results. 

When we focus on the short-term effects of fire, we miss out on the “invisible mosaic” of 

burns that shaped that landscape outside the current dry season; each area, regardless of whether 

it burned during the current season, may have a different exposure to preceding fire (Woinarski 

& Legge, 2013). Wrens may be selecting habitat based on effects of long-term exposure to fire, 

not just recent burns. This is why it is important to study the RBFW’s habitat structure beyond 

the aspects of recent burn history. In my PCA analysis I found that wrens preferentially use areas 

that have a greater grass cover and shrub density of predominantly mid-story height (above 1m). 

This could indicate that wrens might prefer an area with more time for regrowth since previous 
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burns, or areas characterized by frequent low-severity burns that do not affect the mid-story 

vegetation. Although we did not analyze grass species in this study, a lot of the tall grass that is 

present at the study site is gamba grass (Andropogon gayanus), an invasive species that can often 

reach heights of 4m (Department of Agriculture, Fisheries and Forestry). Previous studies have 

shown that wrens are found in significantly more gamba grass than other habitat (Rose, 2014), 

which could possibly explain RBFWs preference for the mid-story vegetation. The literature 

surrounding RBFWs relationship with gamba grass is inconclusive, however some possible 

benefits of gamba grass include predator protection, and prey availability.   

Heterogeneity also plays a significant role in avian abundance by its indirect influences 

like regrowth, prey availability, shelter, and predator cover (O’toole, 2014). Early in the dry 

season we had two large low-severity fires come through the northern area of our study site. 

After these low-intensity fires, wrens were not found to be located in areas with significantly 

higher NDVI than surrounding vegetation, suggesting that these fires may not have affect wrens’ 

habitat preference. Whereas in the weeks after a high-severity burn mid-July that swept through 

the southern ends of our property, wrens were found in significantly greener habitat, suggesting 

that this fire affected the habitat in a way that drove RBFWs to seek other, greener habitat 

locations.  

While these findings begin to indicate a relationship between RBFWs habitat selection, 

fire severity, and history, there is still more to be learned. One aspect of this study that could be 

expanded on is the effect of fire severity on the habitat. Generally, increased fire severity can 

decrease habitat heterogeneity, and therefore decrease available niches and food sources for 

organisms such as birds by reducing the overall abundance of vegetation (Murphy & Russell-

Smith, 2010; García, Muzika, & Dey, 2011). 
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In order to compose more accurate data for wren use of vegetation, occupancy modeling 

can be used in the future. Occupancy modeling overcomes imperfections in species detection, 

which can result in plots that may appear to be unoccupied by the study species but that are in 

fact occupied, by producing unbiased estimates of species occupancy (Bailey & Adams, 2005).  

Nonetheless, these results help to change the way we approach our understanding of fire and its 

effects on wrens and the surrounding vegetation. 

Increased human activity will lead to increased anthropogenic shaping of the 

environment. However, as seen in multiple studies, a system of controlled burns is not 

necessarily detrimental to a habitat as a whole (O’Toole, 2014; Russell-Smith et al., 2012). My 

results expand on the growing body of evidence that RBFWs can be negatively affected by fire 

in the short-term but rely on the mosaic habitat resulting from frequent low severity burns. This 

research leads to a better understanding of land management practices and shows that, of the 

many techniques, maintaining vegetation in early post-fire conditions as a ‘fire-break’ through 

low severity fires can play a part in preventing extensive high-intensity wildfire, while also 

facilitating the persistence of a greater proportion of the landscape in various states of succession 

free from late season burns (Haslem et al., 2011). Overall, the case of the RBFW demonstrates 

the crucial role that academic understanding of the site-specific flora and fauna can have on 

limiting the detrimental affects of fire. In the future, more studies on the diverse response of 

species to fire in the long term will help us gain a more complete understanding of the complex 

interplay of fire, humans, and habitat. 
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Tables and Figures: 

Figure 1: Fire Frequency 

Figure 1: The figure above denotes the study site. Points represent areas of use by RBFW, and 
randomly generated points for the study site. The areas of lighter blue represent less frequently 
burned habitat and dark blue represents more frequently burned. 
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Figure 2: Years Since Last Burn  

 

Figure 2: The figure above denotes the study site. The darker red areas indicate areas with 
recent burns, the lighter areas indicate longer times since last burn. Points denote RBFW 
sighting and random points across site.  
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Figure 3: Normalized Difference Vegetation Index (NDVI) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure	  3a:	  The	  
image	  to	  the	  left	  
denotes	  the	  NDVI	  of	  
the	  study	  site	  in	  the	  
early	  dry	  season	  
with	  pre-‐burn	  plots.	  	  

Figure	  3b:	  The	  
image	  to	  the	  left	  
denotes	  the	  NDVI	  of	  
the	  study	  site	  in	  the	  
late	  dry	  season	  with	  
post-‐burn	  plots.	  	  
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Figure 4: Plot types and Fire History  

 

Figure 4: T-test results for three metrics of fire. a) Comparison of mean (±SD) years since last burn used 

and random plots. b) Comparison of mean (±SD) fire frequency (2000-2013) for used and random plots. 

c) Comparison of mean (±SD) late dry season fire frequency for used and random plots.  
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Figure 5: Plot Types and Normalized Difference Vegetation Index 

 

Figure 5: Comparison of NDVI values (±SD) for pre-fire conditions and post-fire conditions, 
RBFWs were found to be in a significantly greener habitat for post-fire conditions.   

 

Table 1: PCA Components Matrix showing loading factors for vegetation assessment in RBFW 
used and random vegetation plots 

	  	   	  	   Extraction	  sums	  of	  squared	  loadings	  
Component	   Total	   %	  Of	  Variance	   Cumulative	  %	  

PC1	   3.683	   28.334	   28.334	  
PC2	   1.711	   13.161	   41.495	  
PC3	   1.590	   12.227	   53.721	  
PC4	   1.234	   9.496	   63.217	  
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Table 2: Total Variance Explained By Components In Vegetation Plots 

Variables Component 
  PC1 PC2 PC3 PC4 
Total Grass 0.492 0.099 -0.149 -0.008 
Grass 2.5-4.5 0.359 0.071 0.343 -0.219 
Grass 1.5-2.5m 0.440 0.062 0.133 -0.079 
Grass 0.5-1.5m 0.396 0.081 -0.219 0.080 
Grass <0.5m 0.161 0.058 -0.561 0.123 
Average Checkerboard -0.294 -0.106 -0.483 0.135 
Average Canopy 
Cover -0.129 -0.122 0.293 0.002 

Total Bare Ground -0.229 -0.190 0.033 -0.298 
Total Trees -0.173 0.636 0.119 0.138 
Number of Sand 
Palms -0.224 0.576 0.115 -0.061 
Number of Saplings 0.107 0.248 -0.001 0.372 
Total Shrub 1.5-2.5 0.070 -0.320 0.324 0.360 
Total Shrub <0.5-1.5 -0.024 -0.088 0.165 0.725 

*Indicates significant values 

Table 3: Comparison of Used and Random points with PCA 

  Mean     
Principal Component Used Random t-value p-value 
PC1 91 90 t(179)=0.61 0.542085 
PC2 91 90 t(179)=1.22 0.22407 
PC3 91 90 t(179)=2.22 0.027932 

*Indicates significant values 

 


