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Effect of specific vegetation and arthropod characteristics on the Red-Backed Fairy-Wren 

(Malurus melanocephalus) in fire-disturbed habitats 

Fire is an overwhelmingly important component of the global processes that shape 

ecosystems (Andersen et al. 2005). Its occurrence within the Northern Territory of Australia is a 

powerful example of the direct physical impacts that natural events and human practices can 

have on tropical savanna habitats (Russell-Smith et al. 2003). Prescribed fires are frequently 

utilized to increase crop yields and flush game species for hunting (Russell-Smith 2003). 

Oftentimes these means do not consider the general welfare of the environment and wildlife that 

they influence. On the other hand, fire has been used as an agent for increasing biodiversity and 

preventing large, difficult to manage wildfires from destroying entire habitats by reducing the 

total amount of vegetation that can be burned and preventing many types of vegetation from 

reaching tall heights (Murphy et al. 2010; Andersen et al. 2005). Regardless of the purpose 

behind anthropogenic fires, prescribed burns along with natural fires inexorably alter habitats 

and affect the native flora and fauna that live there.  

Analysis of habitat usage is a useful tool for evaluating the potentially positive, negative, 

or neutral responses to anthropogenic fires across a diversity of species and within a variety of 

environments (Valentine et al. 2007). Research on several avian species in Australia has 

provided particularly useful insight into evaluating how fires affect different species (Clavero et 

al 2011). For example, Mallee Emu-wren (Stipiturus mallee) populations are habitat-specialists 

that primarily live in mallee-Triodia vegetation; therefore the populations are threatened with 

local extinction when this vegetation is destroyed by fire (Brown et al. 2009). Few studies 

conducted on Australian birds demonstrate how birds can benefit from the effects of fire in 

savannas; however there is evidence of such positive effects in other parts of the world. In the 
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grasslands of the Serengeti in Tanzania, one study showed that bird species richness and 

arthropod abundance increased after fire disturbance while bird abundance increased through a 

change in grass structure which made food more accessible (Nkwabi et al. 2011). 

These studies highlight the impact of fluctuations of vegetation and prey abundance due 

to the immediate change and gradual succession of fire disturbance on fitness within avian 

populations (Calvero et al. 2011; Johnsson 2011). However, few studies have taken into account 

the relationship between species and specific habitat characteristics within burned and unburned 

habitats. Limitations of vegetation height, type, and coverage and proliferation or reduction of 

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

environments (Andersen & Müller 2000; Radford & Andersen 2012). Therefore, differences in 

specific vegetation and prey characteristics can help determine species preference in which 

habitats an individual will occupy throughout its lifetime. 

 The Red-backed Fairy-wren (RBFW, Malurus melanocephalus) is a tropical 

insectivorous passerine in Northern and Eastern Australia savanna habitats that is regularly 

affected by anthropogenic fires (Nakamura et al. 2010; Murphy et al. 2010; Webster et al. 2010). 

Several studies report that RBFWs are negatively affected by fires, especially when they occur 

late during the dry season (Valentine 2007; Murphy et al. 2010). The occurrence of fires within 

RBFW habitat causes the displacement of RBFWs from their original territories and 

subsequently leads to their relocation to other territories (Nakamura et al. 2010). Because various 

RBFWs have been observed often in unburned as well as burned habitats (Rowley & Russell 

1997), habitat preference is most likely not based exclusively on whether habitat is burned versus 

unburned. Due to their insect-dependent diet and specific preference of tall, ephemeral, unburnt 

vegetation (Rowley & Russell 1997), vegetation and insect abundance largely impacts RBFW 
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survival and consequently impacts selection of habitats during relocation after dispersal. 

Therefore, RBFWs should be more selective of habitats based on specific vegetation 

characteristics and levels of insect abundance.  Furthermore, fire has a direct as well as an 

indirect influence on RBFW habitat preference by altering these parameters. The individual 

vegetation factors and insect abundance that generally characterize burned versus unburned 

RBFW territories have not been studied in much detail.  

In our study, we assessed the possible impact(s) that variation in burn history, vegetation 

community structure, and insect abundance have on the presence of RBFWs. Specifically, we 

compared vegetation and insect abundance metrics, assessed in both burned and unburned 

habitats, in localities where RBFWs were observed with localities where RBFWs were 

apparently absent. Our questions included: 1) Does burn history affect the probability of 

observing a RBFW? and 2) Does burn history influence how vegetation and arthropods affect 

RBFW presence, and if so, how? Differences in burn history and vegetation and insect 

communities may suggest habitat predictors that reflect the likelihood of RBFW presence, which 

may hint to the overall health and abundance of other species within these habitats due to their 

important role within food webs as secondary consumers (Rowley & Russell 1997). We 

predicted for each respective question that 1) burn history affects RBFW presence and 2) burned 

areas have shorter grasses, less total grass, and less insects where RBFWs are absent because 

burn history is related to RBFW presence.   

METHODS 

Site Information  

Our study site was located in Coomalie Farm near Darwin in the Northern Territory, 

Australia (13°02´ S, 131°02´ E). The site can be described as a characteristic Australian tropical 
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savanna in which anthropogenic, controlled burns are highly prevalent during the dry-season. 

The rainless dry season is mitigated by monsoons during the wet season, providing two stark 

climates to which savannah flora and fauna have acclimated. The area is dominated by 

grasslands and sparsely distributed eucalyptus and forms a patchwork of disparately burned 

areas. The mosaic of burned and unburned habitats provides an ideal environment for 

comparative studies on vegetation composition and arthropod abundance in burned versus 

unburned habitats.  

Vegetation Surveys 

In order to conduct surveys for vegetation character within specified areas, we 

established 10x10 m plots. Plots were designated as “burned” or “un-burned”; qualitatively 

determined by new growth, density of grass cover, and evidence of fire damage on tree trunks. 

Typical burned plots had short grass with a significant amount of bare ground and very few 

saplings while unburned plots have more grasses of various heights, less bare ground, and more 

saplings. Within these plots, pairs of trained surveyors recorded approximate percent cover of 

bare ground, rocks, and grasses at 0.2m, 0.5m, 1.0m, 1.5m, 2.0m, 2.5m, and 3.0m in height. We 

then recorded number, diameter at breast height (DBH = 1.5 m), and height (estimated in meters, 

to 0.5m precision) of all trees present. Trees below breast height were defined as saplings. 

Additionally we recorded the number, DBH, and height of snags (defined as trees with no leaf 

cover) within each plot. Canopy cover of the plot was determined using standardized 

densiometers. Finally, we recorded percent cover and height of fallen trees and log piles within 

the plot. We used these metrics to describe overall vegetation character within the specified area 

and organized plots into distinct categories. Surveys were either categorized as “USE” (survey of 
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area where RBFW presence had been detected) or “non-USE” (RBFW presence was not 

detected). 

Random Surveys 

We utilized ArcMap to determine and plot random locations and transects and used 

handheld GARMIN GPS to locate the plots and walk transects. Initially, 68 vegetation surveys 

were conducted randomly to produce a non-biased sample. GPS points and bearings within a 2×3 

km area were randomized. We walked to the points generated by the computer and from there 

paced 200m in a randomly-determined cardinal compass bearing (i.e. 90°, 270°, etc.) associated 

with that point. If at any time we heard RBFW vocalizations or saw RBFW individuals along our 

walk, we would deviate from the random transect line and conduct a vegetation survey at the 

location where RBFW(s) had been seen or heard. After walking 200m without observing any 

RBFW activity, a final two minute observational survey was conducted to detect possible 

presence of RBFWs in the surrounding area. Surveys were performed in areas of detected RBFW 

activity if their presence had been identified during the two minute trial – these were included in 

our collection of total USE surveys. If no RBFWs were heard or seen after this trial, the end of 

the 200m on the specified bearing served as the location for our non-biased vegetation surveys, 

and they were included in our collection of total non-USE surveys. 

 Non-Random Surveys 

To gather more USE plots, we conducted point count surveys along evenly spaced 

horizontal transects. The study plot was limited to a 2x3 km area and then divided into sixteen 

transects spaced 200 m apart (Figure 1). Each horizontal transect was randomly assigned a 

number and denoted with either East or West. The transects were then completed in an order 

based on their randomly assigned number and the survey conductor, using a compass, walked 
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towards the denoted direction given with each transect (e.g. transect 1, East, the conductor 

walked East along the transect). Each transect was started at approximately 6 a.m. to control for 

a bias of bird activity due to time of day. Along the transect, the conductor used GPS to keep 

track of every 200m traveled. This 200m distance denoted an intersection point of evenly spaced 

horizontal and vertical transects. At each intersection along a given horizontal transect the 

conductor stopped for 5 minutes to listen and look for RBFW activity. If birds were seen or 

heard, their location was flagged and marked with a GPS point. Vegetation and arthropod 

surveys were then conducted at that site. If bird were not seen or heard, the conductor continued 

along the transect, stopping for another 5 min at the next intersection point. After completing the 

horizontal transects, the transects were then repeated in the same random order in a reversed 

direction.  

 

Figure 1: Representation of study site. Transects within the site were assigned a random  
    order to ensure non- biased sampling. 
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Arthropod Surveys 

Within 110 vegetation survey plots, a single surveyor also conducted visual surveys for 

arthropod abundance and diversity. The surveyor recorded size of arthropods, categorized as 

small (<1 cm), medium (1-2 cm), or large (>2 cm) based on qualitative observations of potential 

RBFW prey items of arthropods observed. From the central point of the plot, 30 second scans for 

airborne arthropods were conducted in a pair of randomly selected, opposing, cardinal directions. 

Upon completing the scans 7m transects were completed in the two prescribed directions; 

arthropods flushed from grasses and arthropods found in grasses and trees between 0.1 and 2.5m 

were recorded. At the endpoint of each transect, 30 seconds of close observation for arthropod 

activity was conducted at ground level. Finally, vegetation (grasses, trees, and/or shrubs) at, or 

around, the endpoint and between 0.2m and 1.0m in height was shaken over white cloth for 30 

seconds. Arthropods observed on the cloth upon completion of shaking were then recorded.  

Statistical Methods 

IBM SPSS Statistics Program was utilized to perform statistical tests. First, a Pearson’s 

Chi Square Test was completed to test if burn history affected RBFW presence by observing if 

there is a significant association between our two independent factors: burned vs. unburned and 

presence vs. absence. Second, Principal Component Analyses (PCAs) were conducted separately 

for vegetation and arthropod data. They combined all original dependent variables into a 

composite that took into account the natural correlations that occur between them with absence 

vs. presence and burned vs. unburned as selection variables. By conducting the PCAs, we were 

able to reduce and group variables into dimensions that described the most variation within our 

independent variables to describe which variables affected RBFW distribution the most. The 

PCAs were followed by independent-samples t-tests which tested the significance of the 
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correlations of variables within each PCA. Finally, a two-way ANOVA by using the principle 

components as variables to test whether burn history influenced if and how different vegetation 

and arthropod parameters affect RBFW presence. 

 

RESULTS 

 From 6-Jun-2012 until 20-July-2012, vegetation surveys (n = 132) were split into non-

USE (n = 59) and USE (n = 73) categories and were comprised of both unburned (n = 101) and 

burned (n = 31) plots (Fig. 2).  

Figure 2. Distribution of Vegetation Surveys 

 

 A Pearson’s Chi Square contingency table revealed that there is a significant association 

(P = 0.009) between burn history and whether a RBFW is present or absent. More birds were 

observed in unburned territories (n = 62) than expected (n = 55.9) in the chi square analysis. The 

test describes a trend that RBFWs tend to be present in unburned more than burned because of 

the difference in burn history.   
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 Our four PCA tests also revealed data that match our predictions (see Figure 3. Principle 

Component Analyses). For our presence vs. absence vegetation analysis, PC1a and PC2a were 

most significant (P < 0.05) in describing the differences in variance, and they rejected our null 

hypothesis that differences in vegetation parameters did not affect RBFW presence. There is in 

fact a negative correlation between RBFW absence and the vegetation parameters represented by 

PC1a and PC2a. PC1b and PC2b best explain the variation within the vegetation data for the burned 

vs. unburned vegetation analysis. Both principle components show that burned habitats 

negatively affect amount of total grass, bare ground, saplings, and short grasses. Surprisingly, 

neither the presence vs. absence nor the burned vs. unburned arthropod analyses yielded 

significant PCA values.   

An ANOVA univariate analysis was only conducted on the vegetation principle 

components since no significant principle component values were found in the arthropod data. 

PC1a (P = 0.038) positively correlated RBFW presence and burned vs. unburned with more total 

grasses and negatively correlated them with amount of bare ground.  This means that burn 

history influences total amount of grasses and bare ground, which thereby affects RBFW 

presence.  
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Figure 3. Principal Component Analyses 

 

   
 
 

 

 
 
 
 

 

 

 

 

 

*PC1b = more total grass and lack of bare ground 
(total = 2.200; % variance = 24.447; t1 = -7.621; P < 
0.001), PC2b = more short grasses and more saplings 
(total = 1.870; % variance = 20.782; t2 = 3.985; P < 
0.001) 

* PC1a = more total grass and lack of bare ground (total = 
2.384; % variance = 26.491; t1 = -1.997; P = 0.045), PC2a 
more short grasses and less of medium height grasses (total 
= 1.548; % variance = 17.195; t2 = 3.476; P = 0.001) 

*PC1d = more arthropods, large abundance of arthropods 
found in soil, large abundance of ants, and more large 
insects (total = 4.181; % Variance = 52.269; t1 = -1.818; P 
= 0.078), PC2d = more termite mounds (total = 1.091; % 
Variance = 13.640; t2 = 1.767; P = 0.086) 
 

*PC1c = more arthropods, large abundance of 
arthropods found in soil, large abundance of ants, 
and more large insects (total = 3.890; % Variance = 
48.626; t1 = -0.789; P = 0.432), PC2c = more termite 
mounds (total = 1.046; % Variance = 13.078; t2 = -
1.170; P = 0.245)  
 

3c: Arthropod Analysis – Presence vs. Absence 3d: Arthropod Analysis - Burned vs. Unburned 

3b: Vegetation Analysis - Burned vs. Unburned 3a: Vegetation Analysis - RBFW Absence vs. Presence 
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DISCUSSION 

The results of our study produced interesting and supportive data to apply to our 

hypotheses. Again, our hypotheses entailed that burn history affects RBFW presence and that 

burned areas have shorter grasses, less total grass, and fewer arthropods where RBFWs are 

absent because burn history is related to RBFW presence.   

 Our Chi Square analysis revealed that our first hypothesis is supported in our study. 

Because RBFWs were observed in unburned territories more than expected, a higher RBFW 

presence is associated with unburned territories while a lower RBFW presence is correlated with 

burned habitats. Observations in the field supported our statistical results. Even though RBFWs 

seemed to prefer to be in unburned territories, approximately 15% of observed RBFW groups 

among the sites were seen in burned territories. Why were some of these groups seen in burned 

territories when being present in an unburned territory was statistically preferred? We attempted 

to answer this inquiry through our second initial question by comparing and relating vegetation 

and arthropod parameters among burned and unburned sites. 

Vegetation characteristics seemed to greatly affect RBFW presence in our study. For 

vegetation, this was best explained by the occurrence of more short grass and lack of bare ground 

(PC1a) and also by the combination of more short grass and saplings (PC2a). RBFWs were more 

likely to be present in areas with more 1m grass and less bare ground and also in areas with more 

short grasses and saplings. Biologically, this makes sense when considering RBFW preference 

for dense grass with little bare ground (Rowley & Russell 1997). This also coincides with our 

personal observations in the field. RBFWs did not seem to prefer a particular habitat because of a 

habitat’s arthropod characteristics, which is demonstrated by a lack of significant principal 

components for arthropod parameters when analyzing RBFW presence vs. absence. Habitats 
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were more likely to have been recently and previously burned if they exhibited less short grasses 

(<0.5m) with more bare ground and less saplings. 

However, no arthropod principle components were found to be significant within the 

study. This could be due to a variety of reasons. Not all USE and non-USE sites were sampled 

for arthropods, which created a smaller sample size of both burned and unburned sites. A smaller 

sample size may have skewed the data enough to cause no significant factors to be found. Also, 

arthropod surveys were performed at varying times throughout the day, which could have caused 

differences in amounts on arthropods and arthropod diversity relative to the time that they were 

observed at the site. Other environmental factors within each individual unique habitat could 

have also influenced the data. Or perhaps it is simply that arthropod parameters are not nearly as 

important as vegetation parameters to favor RBFW presence. Even though RBFWs were 

expected to be more present in habitats where there are more prey resources for them, the types 

of vegetation for them to hide from predators and interact with other RBFWs may have been 

more influential on RBFW presence.  

 After completing the ANOVA analysis, we were able to directly connect burn history and 

RBFW presence through vegetation characteristics. The analysis revealed that total amount of 

grass and bare ground is affected by burn history which therefore influences RBFW presence. It 

was previously found that burned habitats are correlated with more bare ground and less total 

grass and that RBFW presence is also correlated with these parameters. Now we know that 

burned habitats are correlated with absence of RBFWs when there is more bare ground and less 

total grass present, thereby directly connected burn history and RBFW habitat usage.  

 When considering the question previously stated concerning RBFW distribution in 

burned and unburned, the univariate analysis that was conducted in this study might help explain 
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the difference in the expected from the observed distribution. RBFWs generally preferred 

unburned territories, but the reasons behind the presence of 15% of observed birds in burned 

habitats were unclear. Total grass cover and amount of bare ground could explain the variance in 

habitat usage. In the burned habitats where RBFWs were observed, surveys indicated a higher 

total grass cover and lower amount of bare ground compared to other surveys without RBFWs 

present. The study revealed that it is not just burn history or vegetation that is affecting where 

RBFWs choose to be.  Burn history and vegetation characteristics are both interdependent in 

relation to RBFW presence. Both of these need to be further studied in tangent to better 

understand how these factors influence RBFW habitat usage. 

 Our findings provide the first results that directly connect RBFW presence with burned 

vs. unburned environments based on analysis of vegetation parameters. The correlations found 

between principal components in our vegetation data allow us to state that based on the results 

gathered from this study, RBFWs are less likely to occupy burned habitats. However, RBFWs 

are more likely to occupy burned habitats when vegetation is favorable (i.e. more total grass, less 

bare ground) for hiding from predators, finding prey, and interacting with conspecifics.  

As noted previously, RBFW presence has the potential to be indicative of the health of 

other species within ecological communities. Burned territories may lack the prey RBFWs need 

to consume to survive (i.e. ants) and the predators that prey on them (i.e. butcherbirds). 

However, no direct connections were shown to support this in our study. This effect can only be 

hinted to from our data analysis. RBFW presence may not only serve as indicator species for the 

health of other species that depend on it or that RBFWs depend on for survival. It may also better 

specify the level of succession of a previously burned area. When RBFWs are present in burned 

habitats due to more total grass and lack of bare ground, these habitats may represent those that 
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have had longer to recuperate from fire damage. Habitats that have been recovering for two years 

from a fire as opposed to one are more likely to have greater vegetation abundance along with a 

taller average height of vegetation (Murphy et al. 2010). When more RBFWs are present, it may 

be indicative of a habitat in a more mature stage of succession. A higher succession level would 

likely entail the presence of more wildlife and therefore further connect RBFWs to the health of 

an ecosystem as a whole. 

Furthermore, the study can add to the growing literature on the environmental effects of 

fire in tropical savannas, and it can also emphasize the importance of including information 

about the expected responses of different habitats and habitat-specific species in fire 

management (Taylor et. al., 2012). 
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