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Abstract 27	  

The decline in food and cover that accompanies the tropical dry season can cause animals 28	  

to shift and expand their home ranges. However, range expansion is problematic for 29	  

territorial species. In birds, this can be overcome via seasonal fission-fusion, a pattern in 30	  

which birds combine individual breeding season territories in the nonbreeding season and 31	  

travel as a flock over their combined range. Such behavior is present in a variety of birds 32	  

and may have environmental, trophic and social causes. Here we investigate an 33	  

environmental cause in one such bird, the red-backed fairy-wren (RBFW) Malurus 34	  

melanocephalus. We used spatial analysis of home ranges, movement logs and fire 35	  

history to see whether access to unburned habitat was associated with seasonal fission-36	  

fusion. RBFWs showed a strong preference for unburned habitat. However, two other 37	  

predictions-- that there would be a positive relationship between home range size and 38	  

sociality and that flock size would be larger in unburned areas--were not supported. Our 39	  

results suggest that fusion into large flocks did not occur at our site or had not begun in 40	  

earnest at this point in the dry season. Fusion probably takes off in the late dry and could 41	  

potentially be driven by access to unburned habitat. This is suggested by RBFW's 42	  

preference for unburned habitat, though other environmental and trophic factors are likely 43	  

to drive group fusion as well. 44	  
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 In tropical savannas, variation in solar radiation throughout the year causes 50	  

rainfall to cluster temporally into a distinct "wet" season. The "dry" season by contrast is 51	  

marked by a near-total lack of rain, and as a consequence fire is often an important 52	  

phenomenon at this time (Molles Jr. 2013, Shine & Brown 2008). This high seasonality is 53	  

associated with annual fluctuations in the availability of food, cover and other resources 54	  

that can shape animal behavior. For birds, important changes in the dry season include 55	  

the withering of ephemeral vegetation and loss of deciduous leaves (Shine & Brown 56	  

2008), a decrease in insect abundance with decreasing moisture levels (Janzen 1980) and 57	  

the alteration of habitat by fire, which can reduce cover and create a mosaic of different 58	  

habitat types (Brawn et al. 2001). Birds often respond to these phenomena by changing 59	  

patterns of space use. For instance, avian responses can involve long-distance migration 60	  

in response to insect scarcity (Jahn et al. 2010), local movement out of food-limited areas 61	  

(Smith et al. 2011), range-shifting in direct response to fire (Murphy et al. 2010, 62	  

Valentine et al. 2007) or nomadic, nonterritorial space use (Brown & Long 2007). Birds 63	  

may also adapt by foraging collectively (Emlen 1952) or expanding their home range to 64	  

forage over a wider area (Hatchwell et al. 2001).  65	  

 Home range expansion, however, presents a challenge for territorial species, 66	  

whose available home ranges may be constrained by the presence of neighboring 67	  

territories. In some birds, "floating" appears to be a consequence of territoriality, with 68	  

floaters forced to move frequently between already-occupied territories by the constant 69	  

threat of eviction (Brown & Long, 2007). Another option for sedentary, territorial species 70	  

to increase their home range is a "fission-fusion" strategy, in which discrete breeding 71	  

season territories are combined ("fusion") in the nonbreeding season (Griesser et al. 72	  



2009). Birds from the various territories then travel together as flocks across their 73	  

combined range. As the breeding season returns, the flocks break up into their component 74	  

parts ("fission") which return to their former territories, sometimes with a slight 75	  

reshuffling of members (Griesser et al. 2009).  76	  

 Seasonal fission-fusion is well exemplified by the cooperatively-breeding 77	  

Australian apostlebird Struthidea cinerea (Griesser et al., 2009), though similar patterns, 78	  

often referred to as "winter flocking", are common in a variety of temperate bird species 79	  

(Odum 1942, Quay 1982). Proposed causes of this pattern include the foraging benefits 80	  

of flocks, such as increased prey flushing or vigilance (Pulliam 1973, Pyke 1984, Krause 81	  

& Ruxton 2002), and social factors such as the opportunity to form connections and 82	  

exchange members (Griesser et al. 2009). Another potential cause is environmental 83	  

adaptation. Flocking has been generally related to periods of unfavorable conditions such 84	  

as drought (Emlen 1952) or to resource distributions that are indefensible and unstable 85	  

(Gill 1995). Corvids, for instance, forgo individual territories in favor of flocks when 86	  

food supplies become patchy and unreliable (Verbeek 1973). 87	  

 88	  

 We explored the dry season (winter) flocking of a sedentary, territorial bird, the 89	  

red-backed fairy-wren Malurus melanocephalus. The red-backed fairy-wren (hereafter, 90	  

RBFW) is a non-migratory, cooperatively-breeding passerine found in the seasonal 91	  

savannas of northern Australia. In the wet season the birds establish breeding territories 92	  

as pairs or small families (Webster et al. 2008). Males develop a variety of sexual signals 93	  

(Karubian et al. 2009) and they display and sing to defend the boundaries of their 94	  

territory (Rowley & Russell, 1997). These boundaries erode somewhat in the dry season, 95	  



with RBFWs forming relatively large, loose flocks (Rowley & Russell, 1997, Schodde 96	  

1982, Lord 1956, MacGillivray 1914), in contrast to their breeding season groups of 2-3 97	  

individuals. As the dry season goes on, the size of these flocks may increase up to 30 or 98	  

40 individuals at some sites, but the birds re-segregate into small groups or pairs again for 99	  

the next breeding season (Schodde 1982). From this evidence, it appears that a seasonal 100	  

fission-fusion model is applicable to RBFWs. 101	  

 While flock benefits and social factors may both contribute to seasonal fission-102	  

fusion in this species, we investigated an environmental cause: habitat heterogeneity. 103	  

RBFWs are insectivorous and require tall grass or other cover for foraging and security. 104	  

In the dry season, a general decrease in insect abundance coupled with the loss of 105	  

ephemeral vegetation and the prevalence of fire are likely to create a patchy distribution 106	  

of these essential resources. Food availability and vegetative structure are factors that 107	  

contribute to habitat choice in birds and are affected by fire history (Brawn et al. 2001, 108	  

Woinarski & Recher 1997).We focused on the patchiness that is directly attributable to 109	  

past fires, which create a mosaic of different vegetative structures that can persist for 110	  

years after a fire (Brawn et al. 2001, Valentine et al. 2007). At our site, more recently 111	  

burned areas have been found to contain less grass cover, and the presence of this 112	  

vegetation is a significant predictor of RBFW presence (Hinton 2013).  113	  

 We hypothesized that seasonal fission-fusion may be a response to patchiness in 114	  

the environment, as it allows birds to expand their potential range by foraging together 115	  

and thus gain access to unburned areas. By flocking together under the seasonal fission-116	  

fusion model, birds would reap the benefits of aterritoriality through larger home ranges 117	  

and increased access to unburned areas. There should be more birds in larger flocks in 118	  



these areas than in burned areas. Under this model, the size of the territory a bird gains 119	  

access to should be related to how many other birds it joins with (Griesser et al. 2009); 120	  

that is, how socially connected that bird is. To test this hypothesis, we made the following 121	  

predictions. First, we predicted that there is a positive correlation between the size of an 122	  

individual bird's home range and that bird's social connectivity. Social connectivity 123	  

would be quantified by degree, the number of unique connections to other birds, and by 124	  

average flock size. Second, we predicted that birds will spend more of their time in 125	  

unburned areas than in burned areas. Third, we predicted that average flock size will be 126	  

larger in unburned areas, as the larger flocks are more likely to gain access to this 127	  

desired habitat.  128	  

 129	  

METHODS 130	  

 We studied a color-banded population of RBFWs in a core area of 4 km2 at 131	  

Coomalie Farm (13.00ºS, 131.18ºE), located roughly 100 km south of Darwin in 132	  

Australia's Northern Territory. The site is within the seasonal tropics, experiencing a dry 133	  

season with little to no rain from May to September and a wet season involving heavy 134	  

rain and flooding from October to April (Australian Bureau of Meteorology 2013, Shine 135	  

& Brown 2008). The site comprises a mosaic of savanna-woodland habitats including 136	  

paperbark woodlands, monsoon forests, bamboo thickets, rocky hillsides, palm/cycad 137	  

woodlands and open savannas of native and invasive grasses. Common genera include 138	  

Eucalyptus, Melaleuca, Erythrophleum, Cycas, Pandanus, Corypha, Themeda, 139	  

Heteropogon, and the invasive West-African gamba grass Andropogon gayanus, which 140	  



has become well established . Controlled burns and natural fires occur regularly in the 141	  

dry season. We collected data from June 3rd to August 3rd, 2013.  142	  

 We made standardized and opportunistic observations of 13 male RBFWs. 143	  

Individuals were chosen subjectively based on feasibility of observation. We elected to 144	  

focus only on males to control for the effect of sex and because males are the sex that 145	  

enforces territorial boundaries in the wet season (Rowley & Russell 1997).  146	  

 Standardized observations involved observing each individual on 3 separate 147	  

occasions throughout the season, at least once in the morning (between 6:00 and 12:00) 148	  

and once in the afternoon (between 15:00 and 19:00). All included observations lasted at 149	  

least 5 min and ended either after 30 min had elapsed or the bird was lost and not found 150	  

again within the 30 min window. All birds were observed for at least 1 hr total across the 151	  

3 observations.  152	  

 We detected focal birds by heading to the area where that bird was last seen and 153	  

walking a transect through the habitat, using roads, telegraph lines or forest edges as 154	  

boundaries. Transect boxes were between .004 and .01 km2, and we sampled from 155	  

opposite corners heading towards the center on lines spaced 50 m apart. If no birds were 156	  

detected by sight or sound within the transect box, we transected the adjacent habitats by 157	  

the same procedure. When a bird was found we started a timer and noted its location. We 158	  

recorded the time when a bird arrived at and left a specific location to the nearest 15 s. As 159	  

the bird or birds moved we followed behind them along the path they had taken, keeping 160	  

a distance of at least 30 m and recording the GPS coordinates of each of their former 161	  

locations as we passed through them. We attempted to determine the number of birds 162	  

present and the identity of each within the 30 min period.  163	  



 Opportunistic observations were made throughout the season at various times of 164	  

day. They include the identity, time and location of the bird as well as any other 165	  

positively identified birds present.  166	  

 We quantified social connectivity by degree and flock size. Degree is the total 167	  

number of unique interactions a bird had with other birds, as seen in all observations. An 168	  

interaction was defined as two birds clearly associated either by proximity (perching or 169	  

moving together) or by activity (displaying to each other, singing and responding in close 170	  

proximity). The network also included connections made when birds were caught 171	  

together. Flock size was the number of connections made within the 30 min directed 172	  

observation window, averaged over the 3 observations. The 5 min minimum for directed 173	  

observations ensures that the birds were indeed traveling together and not merely briefly 174	  

associated.  175	  

 176	  

ANALYSIS 177	  

 To test prediction 1, we used the "minimum bounding geometry" tool of ARCGIS 178	  

Explorer 10.1 (ESRI, 2012) to create Minimum Convex Polygons (MCPs) drawn from all 179	  

of the opportunistic sightings across the season and the initial sighting locations from the 180	  

standardized observations. Home range sizes in m2 were compared to degree and flock 181	  

size via logistic regressions.  182	  

 To test prediction 2, we compared  the amount of time that birds spent in each 183	  

burn type to the expected amount via a chi square analysis. MCPs were overlain with a 184	  

map showing 4 fires that occurred at various times over the previous year: in Jul 2012, 185	  

Dec 2012, May 2013 and Jul-Aug 2013. Area that did not burn within the last year was 186	  



considered "unburned". Points from standardized observations, containing the amount of 187	  

time spent at each point and the flock size, were laid onto this map to determine which 188	  

burn type each point was in. All birds were then summed to give a distribution of their 189	  

collective time amongst the 5 possible habitats. To calculate the expected distribution, the 190	  

area of the intersection of each bird's home range with each fire was calculated, giving 191	  

the percentage of the home range made up of each type of habitat. Under the null 192	  

hypothesis, there is no relationship between the burn type and where the birds spend their 193	  

time, so the expected time was proportional to the percentage of each burn type within 194	  

the total home range. 195	  

 For prediction 3, average flock size between burn areas was calculated by 196	  

dividing the initial sighting points for the 3 standardized observations into "Unburned" 197	  

and "Burned" (only 2 different burn types were represented amongst these points so they 198	  

were combined into "burned"). The average of the flock size for each category was then 199	  

calculated, and compared via a two-tailed student's t-test.  200	  

 201	  

RESULTS 202	  

 The average home-range size was 50 019 m2 (±7684 m2, n=13; see Fig. 1). There 203	  

was a non-significant, positive relationship between total degree of social connectedness 204	  

and home range size (linear regression; F=1.642, adjusted r2=0.051, d.f.=1, 11, p=0.227; 205	  

see Fig. 2). There was also a non-significant positive relationship between average flock 206	  

size and home range size (linear regression; F=1.993, adjusted r2=0.076, d.f.=1, 11, 207	  

p=0.186; see Fig. 3). 208	  



 The distribution of time that birds spent in various burn areas was significantly 209	  

different than expected under the null hypothesis (chi square test; χ2=558.6, d.f.=4, 210	  

p<<0.001; see Fig. 4 & Table 1), with birds spending more time than expected in 211	  

unburned areas and less time in every type of burned area. 212	  

 There was no significant difference between average flock size in burned or 213	  

unburned areas (2-tailed student's t-test; t=0.874, d.f.=37, p=0.388). Overall average 214	  

flock size was 2.66 (± 0.31, n=13) birds. 215	  

 216	  

DISCUSSION 217	  

 The predicted correlation between home range size and social connectedness did 218	  

not occur. Neither degree nor flock size showed a significant relationship to home range 219	  

size, though both relationships were positive. This implies that forging social connections 220	  

is not directly related to increasing range at this point in the season. It may also be that 221	  

any relationship between the two is clouded by RBFW's tendency to remain in unburned 222	  

patches (see Fig. 4), so that the range we observed was much smaller than the birds' 223	  

potential range. It is also possible that, as males are the defenders of territory, what's truly 224	  

important is the number of social connections a bird makes to other males. The number of 225	  

female connections may have confounded the analysis. 226	  

 RBFWs were observed to spend more time in unburned areas than expected under 227	  

a null model. This is likely related to a need for dense cover. Past research at our site has 228	  

shown that grass cover is negatively related to recentness of a fire (Hinton 2013) and that 229	  

in another site fire decreased shrub abundance in the short term and plant diversity in the 230	  

long term (Valentine et al. 2007). At our site, grass cover predicted RBFW presence 231	  



better than any other factor (Hinton 2013), while in the other site shrub abundance 232	  

predicted RBFW presence (Valentine et al. 2007). Other authors have noted an aversion 233	  

to burned areas on the part of RBFWs (Woinarski et al. 1999, Valentine et al. 2001). This 234	  

is likely related to reduced shrub and grass foraging opportunities (Woinarski et al. 1999) 235	  

and the risk of predation in such habitats (Braithwaite & Estbergs 1987). RBFWs are 236	  

small and are preyed upon by a number of avian predators observed at our site such as 237	  

butcherbirds (Cracticus spp.), kookaburras (Dacelo spp.) and pheasant coucals 238	  

(Centropus phasianinus) (Rowley & Russel 1997). RBFWs could be highly vulnerable in 239	  

the denuded landscape of a recently burned area. 240	  

 However, recently-burned areas do not necessarily have lower arthropod 241	  

abundance, another predictor of RBFW presence (Hinton 2013, Rose 2013 unpublished 242	  

data), and the reduced vegetation may make it an easier place for birds to forage. 243	  

Arthropod abundances may persist through fires because insects are drawn to the new 244	  

green vegetation that grows soon after a fire (Force 1981). Insectivorous birds as a whole 245	  

(though not RBFWs) have been shown to be more abundant in burned areas than 246	  

unburned ones (Valentine et al. 2007).  247	  

 We found no support for our prediction that average flock size would be larger in 248	  

unburned areas. A larger sample size would have been useful for this question, as only 2 249	  

burn types were represented in the initial observation points used. Many more initial 250	  

points were located in unburned areas than in any type of burn because unburned habitat 251	  

made up the majority of habitat area and because RBFWs have a demonstrated 252	  

preference for it. It is possible that, as adjoining territories probably have similar 253	  

compositions of burned and unburned areas, a flock composed of the combined members 254	  



ranging over a combined territory may not encounter unburned areas at any higher rate 255	  

than they would have separately. At the observed flock sizes of 5 or below, flocks 256	  

probably represent just adjoining family groups. 257	  

 258	  

 Our prediction about the relationship of sociality to home range size was a basic 259	  

prediction of fusion in the fission-fusion model. The fact that this did not materialize 260	  

indicates that fusion does not occur at our site or was in its infancy for most of our 261	  

observational period. Our observations were biased towards the middle of the dry season, 262	  

and RBFW groups increase in size over time with the largest groups occurring in the late 263	  

dry (Schodde 1982). This pattern has been observed at our site as well. We believe that at 264	  

the relatively early stage in which we sampled, the birds had not really begun to form the 265	  

kind of large, cross-territorial flocks that we expected. Until the last week, flocks never 266	  

had more than 5 birds, which represented at most the contents of 2-3 individual territories 267	  

and perhaps only 1 territory. The overall average flock size was 2.66 (± 0.31) birds. 268	  

However, in the last week of sampling we recorded flock sizes of 9 and 13 birds 269	  

(possibly a result of a recent fire, discussed below). These results indicate that birds 270	  

maintain fairly distinct territories throughout much of the non-breeding season, 271	  

aggregating into large flocks only towards the end if at all. This also explains why there 272	  

was no difference in flock size between burned and unburned areas--that difference is a 273	  

prediction from fusion, which was not occurring with much strength at this time. The 274	  

density of birds at our site may preclude large flocks like those observed at other sites 275	  

from forming. Coomalie Farm seems to possess relatively low densities of RBFWs in 276	  

comparison to other major study sites (personal communication), and flock of 20-30 277	  



RBFWs at Coomalie would need to be composed of birds from across several square 278	  

kilometers.  279	  

 Though our data do not speak driectly to an environmental cause of seasonal 280	  

fission-fusion, the occurrence of fusion late in the dry season potentially implies 281	  

environmental factors. As the dry season goes on vegetation continues to wilt and fires 282	  

become more frequent and intense (Shine & Brown 2008, Gill & Williams 1996). All of 283	  

the changes associated with the dry season become more severe. Conditions at the 284	  

beginning of the dry may be harsh enough to forbid reproduction but benign enough to 285	  

allow birds to remain on their individual territories. This corresponds well with a general 286	  

trend among birds to form flocks in lean times for a variety of reasons (Emlen 1952). The 287	  

preference we found for unburned areas can be explained by birds spending more time on 288	  

the unburned parts of their own home range. However, as the season goes on even 289	  

unburned areas will become leaner, perhaps necessitating fusion to secure access to good 290	  

habitat. The strong preference for unburned habitat we found at least ensures the 291	  

possibility that habitat access could be important enough to change territorial behavior. 292	  

 There are other ways in which the environmental patchiness of the dry season 293	  

could contribute to fusion. The flock benefits of multiple sets of eyes and shared 294	  

information are especially useful in a patchy environment (Pulliam 1973). By traveling 295	  

together, birds increase the likelihood of any individual coming upon good habitat and 296	  

benefit by sharing that resource once it's found (Pulliam 1973, Krause & Ruxton 2002). 297	  

Flocks also confer protection against predation (Krause & Ruxton 2002), which may be 298	  

especially important in the denuded landscape of the dry season where prey are more 299	  

easily seen (Braithwaite & Estbergs 1987). Predation pressure may become more intense 300	  



throughout the dry season as good habitat defoliates or burns away. However it is also 301	  

possible that RBFWs face less overall predation pressure in the dry season than the wet, 302	  

as predators are raising their chicks in the wet and hunting more to support them 303	  

(Griesser et al. 2009). 304	  

 The direct effects of fire may also be driving the pattern of flock formation late in 305	  

the dry. Fire directly pushes birds out of their territories and into those of other birds 306	  

(Murphy et al. 2010), potentially causing them to form a flock or share a territory. As the 307	  

incidence of fire increases at the end of the dry, this could be a significant contributor to 308	  

the large flocks we observe. Social factors may also play a role in flock formation, as 309	  

RBFWs have a very high rate of extra-pair paternity (Webster et al. 2008). This 310	  

potentially involves both males and females forging many connections with potential 311	  

future mates outside of their territory, a process which might be facilitated by flocking 312	  

and interacting in the nonbreeding season.  313	  

  314	  

 Future research should continue our methodology throughout the entire dry 315	  

season and up to the first rains of the wet season. The data could then be analyzed month 316	  

by month to test whether our predictions were met if fusion does indeed increase later in 317	  

the dry season. Future work should also attempt to quantify breeding season territories 318	  

and see how these match up with the home ranges we quantified in the nonbreeding 319	  

season. It will be more important to obtain detailed estimates of the home ranges and 320	  

movement patterns of a few focal birds than sparse records of many birds. Frequent 321	  

directed observations could provide an estimate of home range over a 2-3 week 322	  

timeframe. Such estimates could then show how ranges are changing from the breeding 323	  



to the nonbreeding, throughout and into the end of the dry season. We predict that such 324	  

an analysis would show that early dry season territories are larger than breeding season 325	  

territories. Though flock size should increase in the late dry, it is possible that the 326	  

relationship we predicted between home range size and sociality will not materialize. The 327	  

low density of birds at our site may allow them to expand their home ranges without 328	  

pushing against the boundaries of other territories, thus negating the need for fusion. 329	  

While we've assumed that RBFWs' preference for unburned areas means they will move 330	  

around to find them, it is also possible that these areas remain fertile enough for RBFWs 331	  

to largely stay put once they've found them. Future work should study movement patterns 332	  

on a finer scale to see if birds move between unburned areas or remain within the 333	  

patches. There are also other factors affecting habitat suitability (not all unburned areas in 334	  

our site are occupied by RBFWs) and it will be important to identify landscape-scale 335	  

patterns driving RBFW distribution. It will be useful to quantify ranges for all known 336	  

RBFWs, male and female, within a given area and see if home ranges are spatially 337	  

separated, pushing against each other or overlapping into discernible shared territories. 338	  

 339	  

Conclusion 340	  

We found a significant preference by RBFWs for unburned habitat. Flock sizes were 341	  

shown to be the same between burned and unburned areas. We did not find the predicted 342	  

positive relationship between social connectivity and home range. Our results indicate 343	  

that either fusion did not occur at our site or that sampling occurred too early to capture 344	  

fusion in full swing. We suggest that the preference for unburned areas and the late-345	  

season increase in flock size indicate that access to habitat could be driving fusion in this 346	  



species, though there are other environmental explanations. The direct effects of fire and 347	  

the sociality of the species may also explain fusion. Future research should examine 348	  

home ranges and RBFW movement more extensively throughout the dry season and 349	  

within the breeding season to better understand ranging patterns and their causes.  350	  
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Fig. 1 Home Ranges of 13 male RBFWs 361	  
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Fig. 1 Home ranges of 13 males RBFWs, labeled by their color-band designations. Lines 385	  
represent roads. BAA & WEW have near-identical ranges. For size comparisons, the 386	  
home range of WEE is roughly 90 000 m2, that of BFF 50 000 m2, and that of AFF 13 387	  
000 m2. 388	  
 389	  

Fig. 2 Degree of Social Connectivity and Home Range Size 390	  
 391	  
 392	  
 393	  
 394	  
 395	  
 396	  
 397	  
 398	  
 399	  
 400	  
 401	  
 402	  
 403	  
 404	  

Fig. 2 The relationship of degree of social connectivity (number of unique connections) 405	  
to home range in square meters size for 13 male RBFWs was not significant.  406	  



 407	  
Fig. 3 Average Flock Size and Home Range Size 408	  
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 418	  
 419	  
 420	  
 421	  
 422	  

Fig. 3 The relationship of average flock size (number of individuals) over the three initial 423	  
points of three directed observations to home range size in square meters was not 424	  

significant. 425	  
 426	  

 427	  

 428	  
Fig. 4 Distribution of time spent by birds across different burn types. Birds spent 429	  
significantly more time than expected in unburned areas and less time than expected in all 430	  
other categories. 431	  

 432	  
Table 1 Calculations for Chi-Square Analysis of Habitat Preference 433	  

Bird  HR No 
Burn 
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Sum 
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 % Area 1 0.2714
84182 

0 0.4960
18909 

0.1722
3532 

0.0602
61588 

1 

 % Time 
Spent 

 0.1680
67227 

0 0.8319
32773 

0 0  

 # Time 
Spent 

0 20 0 99 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

BAA         
 Area 98483.

5 
0 98483.

5 
0 0 0 98483.

5 
 % Area 1 0 1 0 0 0 1 
 % Time 

Spent 
 0 0.9740

25974 
0.0259
74026 

0 0  

 # Time 
Spent 

 0 150 4 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

FYA Area 38352.
5 

31839.
9 

0 0 6512.6 0 38352.
5 

 % Area 1 0.8301
90991 

0 0 0.1698
09009 

0 1 

 % Time 
Spent 

 1 0 0 0 0  

 # Time 
Spent 

 138 0 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

WEW Area 56767.
5 

0 56767.
5 

0 0 0 56767.
5 

 % Area 1 0 1 0 0 0 1 
 % Time 

Spent 
 0 1 0 0 0  

 # Time 
Spent 

 0 158 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

GAG Area 22152 6371.6 15780.
4 

0 0 0 22152 

 % Area 1 0.2876
30914 

0.7123
69086 

0 0 0 1 

 % Time 
Spent 

 0.8590
30837 

0.1409
69163 

0 0 0  

 # Time 
Spent 

 195 32 0 0 0  



Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

FAF Area 33117.
5 

4949.9 17915.
2 

0 7878.3 2374.1 33117.
5 

 % Area 1 0.1494
64784 

0.5409
58708 

0 0.2378
89333 

0.0716
87174 

1 

 % Time 
Spent 

 0.4687
5 

0.5312
5 

0 0 0  

 # Time 
Spent 

 120 136 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

AFF Area 13671.
5 

5469.5 0 0 8202 0 13671.
5 

 % Area 1 0.4000
6583 

0 0 0.5999
3417 

0 1 

 % Time 
Spent 

 1 0 0 0 0  

 # Time 
Spent 

 182 0 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

FAY Area 38591.
5 

11852.
5 

13560.
3 

2178.5 11000.
2 

0 38591.
5 

 % Area 1 0.3071
27217 

0.3513
80485 

0.0564
50255 

0.2850
42043 

0 1 

 % Time 
Spent 

 0.9793
81443 

0 0.0206
18557 

0 0  

 # Time 
Spent 

 190 0 4 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

FAB Area 14246.
5 

14246.
5 

0 0 0 0 14246.
5 

 % Area 1 1 0 0 0 0 1 
 % Time 

Spent 
 1 0 0 0 0  

 # Time 
Spent 

 297 0 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

WEB Area 51359 50696.
8 

0 0 662.2 0 51359 

 % Area 1 0.9871
06447 

0 0 0.0130
61968 

0 1.0001
68415 



 % Time 
Spent 

 1 0 0 0 0  

 # Time 
Spent 

 139 0 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

BFF Area 52264 52264 0 0 0 0 52264 
 % Area 1 1 0 0 0 0 1 
 % Time 

Spent 
 1 0 0 0 0 0 

 # Time 
Spent 

 220 0 0 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

WY
W 

Area 92557.
5 

239.5 85999 4291 2028 0 92557.
5 

 % Area 1 0.0025
87581 

0.9291
41345 

0.0463
60371 

0.0219
10704 

0 1 

 % Time 
Spent 

 0 0.9746
83544 

0.0253
16456 

0 0  

 # Time 
Spent 

 0 154 4 0 0  

Bird  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

YEW Area 56608.
5 

5521.5 41974 7085 2028 0 56608.
5 

 % Area 1 0.0975
38356 

0.7414
78753 

0.1251
57883 

0.0358
25009 

0 1 

 % Time 
Spent 

 0.3846
15385 

0.6153
84615 

0 0 0  

 # Time 
Spent 

 120 192 0 0 0  

Total  HR No 
Burn 

Jul12 Dec12 May13 Jul/Au
g13 

Sum 

 Area 650247 205733
.9 

330479
.9 

54265.
5 

52447.
6 

7320.1 650247 

 Sum% Area 13.000
16842 

5.3331
96302 

5.2753
28377 

0.7239
87417 

1.5357
07556 

0.1319
48763 

13.000
16842 

 Area scaled 
to 100 

1 0.4102
40555 

0.4057
89234 

0.0556
90618 

0.1181
2982 

0.0101
49773 

1 

 Sum% 
Time Spent 

13 7.8598
44892 

4.2363
13297 

0.9038
41811 

0 0 13 

 Expected 
Time Spent: 

       

 Sum Time 2099 1324 668 107 0 0 2099 



         
   No 

Burn 
July 
2012 

Dec 
2012 

May 
2013 

Jul/Au
g 2013 

Sum 

 Observed  1324 668 107 0 0 2099 
         
 Expected  861.09

49244 
851.75
16012 

116.89
46078 

247.95
44923 

21.304
37425 

 

         
 Chi-Value  248.84

72559 
39.641
42937 

0.8375
34478 

247.95
44923 

21.304
37425 

558.58
50863 

         
 P Value  1.4204

E-119 
     

Table 1 For each of 13 male RBFWs, the area in m2 ("Area"), the % area of the total within that birds home 434	  
range (" % Area"), the number of 15 second intervals ("# Time Spent") and the % of the total time recorded 435	  
for that bird ("% Time spent") are calculated in 5 habitat categories: areas burned over a year before the 436	  
study ("No Burn"), areas burned by a July 2012 fire ("July 2012"), areas burned in December 2012 ("Dec 437	  
2012"), areas burned in May 2013 ('May 2013") and areas burned by a fire in July and august of 2013 438	  
("Jul/Aug 2013"). Expected times are the total times multiplied by the % Area of each category.  439	  
 440	  
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