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Abstract. The tropical savanna ecosystem of Northern Territory, Australia is a habitat 9	  

that is heavily shaped by fire. This study assesses land use and home ranges of the 10	  

resident red-backed fairywren (Malurus melanocephalus) before and after fire events 11	  

during the non-breeding season to gain a better understanding of the effects of dry season 12	  

fire on this local species. Using radio telemetry to track individual locations combined 13	  

with vegetation surveys and calculation of normalized difference vegetation index, we 14	  

quantified group responses to fire in terms of vegetation differences before and after fire. 15	  

Pre-fire, fairywrens used areas that were greener than surrounding habitat and they 16	  

showed a preference for habitat with fewer trees and shrubs. Post-fire, social groups 17	  

stayed in the same general area, showing no preference for greener habitat. Instead, 18	  

groups used grass and mid-story vegetation that remained in the burnt areas. The effects 19	  

of dry season fire on tropical savanna inhabitants is an important area of research that is 20	  

becoming increasingly instrumental to the creation of fire management protocols that 21	  

balance the need for fire in maintaining a heterogeneous environment and protecting 22	  

resident species that may be negatively affected by fire. 23	  

 24	  

Additional keywords: fairywren, telemetry, fire response, tropical savanna, non-25	  

breeding.   26	  

 27	  

Introduction 28	  

In the tropical savannas of northern Australia, the recent increase in number and intensity 29	  

of anthropogenic fires has led to calls for more empirical data on response of wildlife to 30	  

fires (Haslem et al. 2011; Woniarski and Legge 2013). Tropical savannas experience 31	  
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periods of intense rainfall and flooding (wet season) interspersed with longer periods of 32	  

restricted rainfall and drought (dry season). During the dry season, anthropogenic and 33	  

natural fires of varying intensities and ranges shape the environment, consuming large 34	  

amounts of biomass in the form of grasses and shrubs (Bowman et al. 2010). Early dry 35	  

season fires tend to be smaller and of a lower intensity than fires later in the season that 36	  

generally burn larger areas with a higher intensity (Anderson et al. 2003). This massive 37	  

consumption of resources directly impacts the biota of the savanna.  38	  

 39	  

The red-backed fairywren (RBFW, Malurus melanocephalus) is a resident species of 40	  

tropical savannas in northern Australia that is often negatively impacted by fire due to its 41	  

small size and poor flying ability (Rowley and Russell 2007). Red-backed fairywrens are 42	  

small passerine insectivores that form socially monogamous pairs in the breeding season 43	  

and maintain social flocks of varying size during the non-breeding season, which 44	  

coincides with the dry season (Webster et al. 2010). RBFWs depend upon fire to 45	  

maintain the diverse grassland habitats they use for foraging and nesting (Bradstock et al. 46	  

2002), yet they appear to exhibit variable negative responses to fire in the short term 47	  

(Valentine et al. 2007; Murphy et al. 2010). Observation of colour-banded individuals 48	  

suggests that, immediately following fires, the birds may form unstable flocks that remain 49	  

on territories that have been burnt (Nakamura et al. 2010) or engage in short-distance 50	  

relocation away from burnt territory when there is nearby unburned habitat available 51	  

(Murphy et al. 2010). The factors influencing this variable response, and fine-grained 52	  

information on how fire influences these birds at the level of the individual, remain 53	  

unclear.   54	  

 55	  

During the non-breeding season, fairywren home range size may vary in relation to many 56	  

factors including the number of individuals in a group (Chan and Augusteyn 2003) and 57	  

the abundance of resources in the home range (Haskell et al. 2012; Mitchell and Powell 58	  

2004; Stanton et al. 2014). While fire can maintain or increase biodiversity and resource 59	  

abundance in a tropical savanna habitat over time (Parr and Anderson 2006), in the 60	  

period immediately following the fire important resources for the red-backed fairywren 61	  
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such as grasses and insects are often depleted, reducing the habitat quality home ranges 62	  

within the burned area (Rose 2013).  63	  

 64	  

This study uses radio telemetry to characterize the short-term effects of dry season fire on 65	  

the home ranges of RBFW social groups. Our aim is to determine if RBFWs change their 66	  

habitat use in terms of area, substrate use, or greenness in response to fire.  67	  

 68	  

Methods 69	  

Study site 70	  

We studied a colour-banded RBFW population at Coomalie Farm (13°02’ S, 131°02’ E) 71	  

approximately 87 km south of Darwin in Northern Territory, Australia from June to 72	  

August 2014 during the non-breeding season. Coomalie Farm is located in the seasonal 73	  

tropics and is composed of a mosaic of savanna and woodland habitats. The climate is 74	  

characterized by alternating wet and dry seasons, with periods of high rain and flooding 75	  

from October to April, and little rain and many bush fires from May to September. As is 76	  

characteristic of the dry season, there were multiple fires on the site during our study 77	  

season. 78	  

 79	  

Capture and radio tracking 80	  

We captured individuals in mist nets and took standard morphological measurements of 81	  

each bird. We attached radio transmitters (LB-2X, Holohil Systems Ltd., 0.31 g) to 19 82	  

individuals (15 male, 4 female; representing 15 different social groups) of appropriate 83	  

size (avg mass = 6.63 g ± 0.29), using elastic figure eight harnesses (Rappole and Tipton 84	  

1991). We monitored all the tagged birds closely upon release to ensure that the 85	  

transmitter did not impair their capabilities for normal flight and movement.  86	  

 87	  

We tracked all radio tagged individuals in a series of sessions using an AOR 8200 MkIII 88	  

wide-range receiver and either a Yagi 3-element antenna or Telonics H-antenna. Each 89	  

session lasted approximately 60 min, during which we obtained an average of 10 ± 2 90	  

radio tracking ‘locations’ of the bird’s location using a Garmin GPS, with each location 91	  

separated by a 5 min interval. At each 5 min mark we assessed the certainty of the 92	  
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individual’s location using a code system where “1” indicated absolute certainty either by 93	  

visual, vocal, or coaxial confirmation, and “2” indicated an approximate certainty of the 94	  

bird’s location via vocalization, previous known location, or a strongly localized signal. 95	  

If we were unable to assign a certainty of either 1 or 2 to the bird’s location when the 96	  

five-minute interval was up, we skipped that time point and recorded the next location at 97	  

the following 5 min mark. In addition to recording the birds’ location, we took note of all 98	  

other individuals present. We balanced the timing of sessions to ensure that we tracked 99	  

all individuals throughout the day.   100	  

 101	  

From the locations we created 50%, 90%, and 95% isopleths using Geospatial Modelling 102	  

Environment (GME 0.7.2.0, Spatial Ecology, 2012) for each social group. We created the 103	  

isopleths using Gaussian kernels with a cell size of 10 m and the least-squares cross-104	  

validation (LSCV) that is recommended for ecological analysis seeking to identify tight 105	  

clumps of points, including peak use areas (Gitzen 2006). We used spearman-rank 106	  

correlation to determine if core group size was predictive of home range size. Core group 107	  

size is defined as the number of individuals that were consistently found together and 108	  

does not take into account other external social interactions. We used linear regression to 109	  

compare home range size to number of locations and tracking duration to see if 110	  

differences in home range size were an artifact of length of tracking. Both 95% and 90% 111	  

isopleth areas were correlated with tracking duration; therefore we only used the 50% 112	  

isopleth for a t-test comparison of average home range size for groups before and after 113	  

fire events.  114	  

 115	  

Fire 116	  

We obtained fire scar information for May - August 2014 from the North Australian Fire 117	  

Information database (NAFI, firenorth.org.au) to verify our in field measurements of the 118	  

burn area. Small controlled fires in May burned an isolated area of the study site before 119	  

our arrival. In June, there was one main fire that moved slowly and took over a week to 120	  

cover 4 km. In mid-July, a fast-moving fire that traveled over 15 km in under 24 hr 121	  

burned a large portion of the study site. In order to ensure an adequate sample size, we 122	  

grouped RBFW responses to all three fires as the “post-fire” response.  123	  
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 124	  

Habitat sampling  125	  

We did vegetation surveys of 10 m x 10 m plots at telemetry locations and other random 126	  

points within the home ranges of the telemetry groups (used, N=168) and at random 127	  

points within the study site but outside of home ranges (random, N=106). We estimated 128	  

percent cover of grass, shrubs, rocks, bare ground, log pile, streambed, and bamboo. 129	  

Shrubs and grasses were grouped into height class categories at 0.5 m intervals ranging 130	  

from less than 0.5 m to 3.5 m. We also counted and identified trees, measured visibility at 131	  

1 m using a checkerboard, and estimated canopy cover using a densitometer. In order to 132	  

run a PCA on these data, we eliminated structures that were found in very few plots and 133	  

grouped similar categories. Tree counts were split into two categories: “mid-story” which 134	  

included pandanus (genus: Pandanus), cycads (genus: Cycas), and sand palms (Livistona 135	  

humilis), three trees that RBFW are often seen foraging in (observational data), and 136	  

“other trees.” Grasses and shrubs were both divided into “tall” (1.5 m and above) and 137	  

“short” (less than 1.5 m) categories. Rock was combined with bare ground to create 138	  

“bare,” and streambed and bamboo were combined to create “riparian.” To determine 139	  

whether used and available habitat differed, we used each PC with an eigenvalue >1 140	  

(Quinn and Keough 2002) in an analysis of variance (ANOVA) with habitat type 141	  

(random or used) as the factor and telemetry group as a random factor. We performed 142	  

separate ANOVAs for data collected before and after fire.  143	  

We calculated normalized difference vegetation index (NDVI) in ArcGIS 10.0 using 144	  

images from the Landsat 8 OLI satellite (glovis.usgs.gov) for June, July, and August 145	  

2014. NDVI is commonly used to represent the greenness of living vegetation (Rhew et 146	  

al. 2011). To determine if RBFW locations differ in greenness from the surrounding 147	  

available vegetation, we used ANOVA in R, version 3.1.1 (R Core Team 2014) to 148	  

compare NDVI of randomly generated points on the study site and radio tracking 149	  

locations, with group as a random factor.  150	  

 151	  

Results 152	  

We tracked radio-tagged birds for 13 ± 7 days, and gathered a total of 103 ± 35 locations 153	  

per group (Table I). None of the isopleth areas were correlated with number of locations 154	  
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(95% F13=3.36, p=0.0898; 90% F13=3.00, 0.107; 50% F13=0.873, p=0.367) or number of 155	  

individuals in the group (95% ρ13=-0.0325, p=0.91; 90% ρ13=-0.0515, p=0.86; 50% ρ13=-156	  

0.0897, p=0.76). 95% and 90% isopleth area increased with tracking duration (95% 157	  

F13=6.19, p<0.05; 90% F13=5.79, p<0.05), but 50% isopleth area did not vary based on 158	  

tracking duration (F13=2.17, p=0.165). Using the 50% isopleth areas, average home range 159	  

size of groups did not vary from pre-fire to post-fire (t6.1 = 0.0237, p = 0.9819; Figure I).   160	  

 161	  

Of the 15 social groups that were radio-tagged, 14 were affected by one of the two main 162	  

fires that burned on the site during our study season. The fire that occurred in June 163	  

impacted three groups and the July fire impacted 11 groups. The home range of one 164	  

group was within the burn scar of the May fire that occurred before we arrived on site. 165	  

All radio tagged birds survived the fire events during the season. 166	  

 167	  

Vegetation 168	  

Before fire, groups with radio-tagged RBFWs used areas that were significantly greener 169	  

than available habitat (F7=14.61, p<0.01) but after fire, they used areas that did not differ 170	  

in greenness from available habitat (F9=2.274, p=0.166; Figure II). Principal-components 171	  

analysis revealed five PCs that explain 70% of the variation among habitat characteristics 172	  

(Table II). Analysis of PC3 revealed that before fire, RBFWs were associated with 173	  

habitat that had fewer trees and less shrub cover than random points. After fire, PC1 174	  

shows that RBFWs were positively associated with more dense grass cover, lower 175	  

visibility at 1 m, and lower amounts of bare ground than random points. PC5 also 176	  

indicates a trend toward RBFWs using areas with more mid-story vegetation than random 177	  

points after fire (Table III). There is no difference in used and random habitat for PC2, 178	  

dense canopy and riparian habitat, or PC4, tall shrubs.  179	  

 180	  

Discussion  181	  

Dry season fires have a significant impact on RBFW home ranges in terms of both 182	  

substrate use and greenness. Before fire, savanna grasses dominated the study site as a 183	  

whole and RBFW home ranges in particular (observational data). RBFW presence was 184	  
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predicted by fewer trees and less shrub cover, and groups showed a preference for 185	  

greener areas pre-fire.  186	  

 187	  

A comparison of home range size and group composition indicates that in this population 188	  

there is no relationship between group size and home range, as seen in other populations 189	  

of RBFW (Chan and Augusteyn 2003). The average home range size in this population 190	  

was 15.4 ha (±9.7 ha), much larger than the area of 5.4 ha (± 2.6 ha) reported by Chan 191	  

and Augusteyn (2003). The group that we tracked for the longest spent long periods of 192	  

time in one location before relocating great distances to a new location (observational 193	  

data). Because RBFW do not maintain territories during the non-breeding season, social 194	  

groups can inhabit large home ranges and hopping between locations such as this is 195	  

possible (Rowely and Russell 1997). Such large home ranges could be a response to the 196	  

low density of individuals on the study site or an indication of poor habitat quality 197	  

(Mitchel and Powell 2004; Stanton et al. 2014).  198	  

 199	  

Core home range size did not vary after fire, indicating that the groups were not 200	  

expanding their pre-fire range into larger areas to access more resources following fire. 201	  

The large home ranges found in our population combined with the fact that at least one 202	  

group traveled long distances implies that RBFWs have the capacity to relocate following 203	  

fire. However, we know observationally that they didn’t move from their pre-fire areas. 204	  

This tendency to remain in the same area after fire is reflected in the post-fire NDVI. 205	  

Groups used areas that were not significantly greener overall than surrounding habitat 206	  

post-fire, indicating that they did not seek out greener (in this case less burnt) habitat as 207	  

they were found to do prior to fire.  208	  

 209	  

Despite remaining in the same less green area and not expanding or relocating their home 210	  

range, RBFWs used the areas differently after fire. Post-fire, wrens showed a preference 211	  

for grass and mid-story vegetation. These data corroborate our observations that many 212	  

groups stayed in the same pre-fire range after the fire and selectively used the remaining 213	  

vegetation. Groups sought out any unburned patches of grass and the often less-burnt 214	  

mid-story vegetation for refuge and foraging.  215	  
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 216	  

The response to fire seen in this population differs from previous studies that found 217	  

RBFWs relocated short distances to unburned habitat after fire events (Murphy et al. 218	  

2010). This difference is perhaps due to the fact that the fires on our site were so 219	  

expansive that little habitat remained totally unaffected by fire at the end of the season. 220	  

There was not easily accessible unburned habitat for the groups to relocate to, so they 221	  

stayed in place and made do with what vegetation remained.  222	  

 223	  

This study provides novel insight into RBFW space use during the non-breeding season 224	  

in response to fire. The influence of fire on behavior of native wildlife is becoming an 225	  

increasingly important area of study as anthropogenic fire management becomes more 226	  

prevalent in the Northern Territory. Additionally, RBFW ecology has been studied 227	  

extensively in terms of behavior during the breeding season, however there is a severe 228	  

lack of research conducted on non-breeding season behavior.   229	  
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Figures and tables 288	  

 289	  

Table I 290	  

Summary telemetry data for all groups and area of 50%, 90%, and 95% isopleths.  291	  

 292	  

 293	  

 294	  

Figure I 295	  

Average area of 50% isopleths for groups did not vary between pre-fire and post-fire.  296	  

 297	  
 298	  

 299	  
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95%,iso,area,
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90%,iso,area,
(ha)

50%,iso,area,
(ha)

BAF(WEY) yes 1 2 67 7 8.7 7.1 2.2
BWY yes 1 1 51 8 8.5 6.0 1.5
CHAP yes 1 2 79 17 20.1 16.2 4.7
FYA yes 1 1 86 6 18.1 15.0 5.4
GYW yes 1 1 89 17 22.6 18.9 7.0
KATH yes 2 3 127 12 13.5 10.5 2.5
LILDAM yes 1 2 78 11 23.1 17.9 4.5
MAIN_1 yes 1 3 125 10 7.7 6.0 1.7
MAIN_2 yes 1 2 99 9 6.5 5.3 1.8
MORDOR no 1 3 109 12 8.8 6.5 1.7
SEAIR_1 yes 2 2 134 18 7.8 6.3 1.7
SEAIR_2 yes 1 2 81 6 20.6 16.8 5.9
TIP yes 3 5 194 29 42.1 32.6 8.1

WBW(AGF) yes 1 2 90 13 6.2 5.0 1.3
YFE yes 1 1 130 25 16.4 13.1 3.2

Average 1 2 103 13 15.4 12.2 3.5
SD, na na 35.3 6.8 9.7 7.6 2.2
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Figure II 300	  

ANOVA of NDVI by type with group as a random factor for pre-fire and post-fire 301	  

locations. Pre-fire RBFW used greener habitat than the average available habitat (a, 302	  

**p<0.01), post-fire there was no difference in greenness between used and available (b).  303	  

 304	  

 305	  

Table II 306	  

Eigenvalues and loading values from a principal-components analysis of habitat 307	  

characteristics. This analysis resulted in 5 PCs that explain 70% of the variation among 308	  

habitat characteristics. Bolded values indicate loading factors that contribute significantly 309	  

to the PC.  310	  

 311	  

 312	  
 313	  

PC1 PC2 PC3 PC4 PC5

Eigenvalue 2.51 1.66 1.26 1.12 1.00
%2Variance2 22.8 15.1 11.5 10.1 9.1
Variable2
)))))Canopy)(%) 30.026 0.584 30.087 30.082 30.208
)))))Checkerboard)(%) :0.478 30.078 30.207 30.073 0.332
)))))Midstory)(#) 30.182 30.140 0.218 :0.312 :0.751
)))))Other)Trees)(#) 30.055 30.135 :0.539 30.116 0.122
)))))Short)Grass)(%)cover) 0.434 30.230 30.082 30.229 0.202
)))))Tall)Grass)(%)cover) 0.484 30.182 0.278 0.029 30.017
)))))Bare)(%)cover) :0.529 30.233 0.136 0.117 30.042
)))))Short)Shrub)(%)cover) 0.127 0.042 :0.545 :0.392 30.293
)))))Tall)Shrub)(%)cover) 0.100 0.181 :0.397 0.512 30.219
)))))Riparian)(%)cover) 30.003 0.643 0.207 30.018 0.159
)))))Logpile)(%)cover) 30.072 0.162 0.105 :0.628 0.257

Eigenvalues2and2loading2values2

a" b"
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Table III 314	  

Results of pre-fire and post-fire ANOVAs comparing used and random points. Bold and 315	  

italicized values indicate significance and trends toward significance.  316	  

 317	  
 318	  

Pre$fire
Component df F+value p+value

PC1 1,%9 1.13 0.316
PC2 1,%9% 1.599 0.238
PC3 1,%9 8.23 <0.05
PC4 1,%9% 3.438 0.0967
PC5 1,%9 0.026 0.875

Post$fire
Component df F+value p+value

PC1 1,%12 7.122 <0.05
PC2 1,%12 0.354 0.563
PC3 1,%12 2.027 0.18
PC4 1,%12 0.172 0.685
PC5 1,%12 4.024 0.0679


