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Introduction 5 

Across taxa, individuals may exhibit secondary sexual characters that advertise their 6 

suitability as a mate and parent to potential breeding partners (Darwin 1888). Though some of 7 

these characters, which include both behaviors and physical ornaments, may be detrimental to the 8 

bearer’s fitness because they tend to make the individual more visible to predators (Gotmark 9 

2013), they persist in populations because these traits may indicate the bearer’s quality (Zahavi 10 

1975; Hill 1991). Ornamented individuals may compensate for their visibility by acting more 11 

cautiously (Pascual et al. 2014) or practicing greater vigilance relative to unornamented 12 

individuals (Roberts 1996; McQueen et al. 2017). Carotenoid-based plumage in birds is thought to 13 

be a costly ornament primarily because it must be obtained through diet (Hill 1991), but also 14 

because it stands out in the natural environment and is more readily visible to predators (Gotmark 15 

2013), thereby increasing risk of predation (Huhta et al. 2003). 16 

 In many vertebrate systems, it has been observed that conspicuous individuals compensate 17 

for their visibility through greater vigilance (Briffa and Twyman 2011; Pascual et al. 2017), or 18 

remaining closer to places of refuge (Pascual et al. 2014; McQueen et al. 2017). Additionally, 19 

conspicuous individuals may spend more time scanning for predators than cryptic individuals 20 

(Pascual et al. 2014; McQueen et al. 2017). 21 

 The red-backed fairywren (Malurus melanocephalus) is a small species of passerine bird 22 

that is socially monogamous, yet sexually promiscuous (Karubian 2002). This species exhibits 23 



sexual dichromatism in the form of two plumage phenotypes: cryptic, dull brown plumage and 24 

striking red-and-black breeding plumage (Rowley and Russell 1997). Females wear dull brown 25 

plumage year-round, while males may molt into bright red-black plumage prior to the breeding 26 

season, depending on their age, social status, and breeding status, or they may maintain dull, 27 

female-like plumage during the breeding season (Karubian 2002). Adult males are reproductively 28 

capable regardless of their breeding season plumage phenotype (Webster et al. 2010), although 29 

females favor bright plumage in potential mates, so makes in bright, red-black plumage (hereafter, 30 

“bright males”) tend to exhibit greater reproductive success than males breeding in dull brown 31 

plumage (hereafter “dull males” or “brown males”; Karubian 2002; Webster et al. 2008). 32 

 Previous studies have suggested differences in the behavior of bright and dull red-backed 33 

fairywren males during the breeding season. In the breeding season, ornamented males are more 34 

territorial than dull males (Barron et al. 2015) and intrude on other males’ territories more 35 

frequently (Karubian 2002). Ornamented males also show more aggression, especially towards 36 

other bright individuals (Karubian and Alvarado 2003; Karubian et al. 2008), and perform more 37 

courtship displays, such as petal-carrying and puffback displays (Karubian 2002; Karubian and 38 

Alvarado 2003). Additionally, studies on a closely related species, the superb fairywren (Malurus 39 

cyaneus), have found that bright individuals practice greater vigilance than dull individuals. 40 

 Although it is well documented that bright and dull male red-backed fairywrens behave 41 

differently in the breeding season (Karubian 2002; Karubian and Alvarado 2003; Karubian et al. 42 

2008; Barron et al. 2015), little is known about behavior in the non-breeding season. In particular, 43 

it has yet to be determined if male red-backed fairywrens exhibit the behavioral patterns of 44 

breeding season dull males while they are in dull plumage during the non-breeding season, but 45 

then change their behavior when they assume bright plumage and begin to exhibit the behaviors of 46 



a bright, breeding-season male. If there is a difference in male red-backed fairywrens’ behavior 47 

before and after assuming bright plumage, it would also be important to not at what point the 48 

males begin to demonstrate the behaviors of a breeding season bright male. In this study, I aim to 49 

determine if male red-backed fairywrens’ non-breeding season behavioral patterns change as they 50 

progress from dull to bright plumage during pre-nuptial molt, and if some of the behaviors 51 

characteristic of bright breeding season males begin to appear during the molting process. To do 52 

so, I tracked changes in the time budgeting and molting progress of male red-backed fairywrens 53 

during the non-breeding season. 54 

 It is possible that males may adjust the amount of time they spend on vigilance as they 55 

grow in more bright feathers and therefore become more conspicuous. If so, I would expect that 56 

males will remain closer to sources of refuge and increase the amount of time they spend scanning 57 

for predators as they go from brown to bright plumage. Additionally, it is possible that males 58 

behave more like breeding season dull birds while they are in brown plumage during the non-59 

breeding season, but then begin to behave more like bright breeding season males when they 60 

assume bright plumage. If so, then males may exhibit behaviors more typical of a breeding season 61 

bright male as observed previously (Karubian 2002; Barron et al. 2015) once they assume bright 62 

plumage, with bright males exhibiting aggression, such as chasing conspecifics, and courtship 63 

behaviors, such as petal carries and puffback displays and singing, at greater rates than they did 64 

while in dull plumage. Further, males undergoing prenuptial molt may exhibit higher rates of 65 

foraging while actively molting in order to maintain sufficient energy and resources for the molt, 66 

as well as higher rates of preening while molting in order to facilitate growing in new feathers 67 

(Payne 1972). 68 

 69 



Methods 70 

Behavioral Observations 71 

I conducted behavioral observations on a population of red-backed fairywrens near Lake 72 

Samsonvale, Queensland, Australia (27.268º S, 152.859º E) during the species’ non-breeding 73 

season. I performed observations from 16 June 2017 – 4 August 2017, between the hours of 06:30 74 

– 14:00. The study site was primarily composed of eucalypt forest and grassland. I collected 75 

behavioral data from color-banded male birds for 5-minute long continuous observations, and 76 

timed the duration of each behavior to the nearest second. I classified behaviors according to the 77 

ethogram described in Table 1. I utilized these behavioral categories in such a way that they did 78 

not occur simultaneously; for example, if I observed a focal individual preening while sitting on a 79 

perch, I described the behavior as preening alone, rather than both preening and sitting. The ‘out 80 

of sight’ and ‘unknown’ categories indicate times at which the focal individual was unaccounted 81 

for, and therefore I excluded any observations that contained a combined total of 120 or more 82 

seconds of these two categories from statistical analysis due to the patchy quality of the 83 

observation. In total, I performed 158 behavioral observations.  84 

 I scored the plumage of the focal individual as previously established (Karubian 85 

2002), grading on a scale from 0-100, with 0 being completely dull brown and 100 being 86 

completely red-black. I considered brown males to have a plumage score of 0, molting males to 87 

have plumage scores ranging between 1-84, and bright males to have plumage scores of 85-100. I 88 

further subdivided the molting plumage scores into early molt (plumage score of 1-29), mid-molt 89 

(plumage score of 30-59), and late molt (plumage score of 60-84). I attempted to observe each 90 

focal individual at least twice while in brown, molting, and bright plumage in order to track 91 

changes in plumage and behavior.  92 



 93 
Table 1.  Ethogram with a description of each behavior category used in behavioral observations.94 
  95 
 96 
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 108 

In addition to behavioral narration, I also measured several variables at the beginning of 109 

and at 60-second intervals throughout each observation period: substrate type, percent refuge, and 110 

distance to refuge. I defined substrate type as the immediate surroundings of the focal individual, 111 

and the four categories for substrate type were as follows: in refuge (individual enclosed by 112 

vegetation on at least three sides, so as to avoid detection by avian predators), open high 113 

(individual >0.5m from ground, enclosed by refuge on fewer than three sides), open low 114 

(individual <0.5m from ground, enclosed by refuge on fewer than three sides), and in grass 115 

(individual enclosed by grass taller than 20 cm on at least three sides). I defined percent refuge as 116 

the amount of vegetation (to the nearest 5%) within a 10m radius of the focal individual that 117 

Behavior Description 
Preen Running bill through feathers 
Allopreen Preening a conspecific 
Scan Looks up, turns head and/or body to look for predators 

Forage Actively hunting for insects 
Alarm Call Call to alert conspecifics to presence of a threat 
Call “Whinny” contact call  
Song Full or partial song 
Fly Flying 
Courtship Puffback displays, puffback flights, petal carry displays 
Sit Perched on branch, substrate 
Dive Down Quick flight down into nearest substrate 
Chase Chasing conspecific 
Out of Sight Not visible to observer 
Unknown Location unknown 
Other Rare behaviors not included in above categories (e.g., body 

slamming a conspecific) 



would provide shelter from an avian predator, and I measured the focal individual’s distance to the 118 

nearest source of refuge to the nearest 0.5m. At the beginning of each observation, I also noted the 119 

time of day, date, percent cloud cover, precipitation (present or absent), wind strength graded 120 

subjectively on a scale of 0-3 with 0 being no wind and 3 being very strong wind, the number of 121 

conspecific group members present, the plumage phenotypes of the present conspecifics, and any 122 

extra-group individuals that were present during all or part of an observation. 123 

Statistical Analyses 124 

 I performed all calculations using Microsoft Excel for Mac (Version 14.7.2) and RStudio 125 

(Version 3.4.2). I determined the proportion of time allotted to each behavior in each observation 126 

by calculating the time spent performing a given behavior relative to the total time the bird was 127 

accounted for during the observation. I then calculated the average time proportion for each 128 

behavior for the brown, molting, and bright behavioral categories. I used the Shapiro-Wilk 129 

normality test to determine whether the time proportion data for each behavior was normally 130 

distributed. I performed Welch two sample t-tests for normally distributed behaviors to determine 131 

if there were statistically significant differences in the proportion allocated for the behavior 132 

between brown, molting, and bright birds. I performed Wilcoxon rank sum tests with continuity 133 

corrections for non-normally distributed behaviors.  134 

Results 135 

I performed 36 five-minute long behavioral observations on eleven brown males, 37 136 

behavioral observations on 16 molting males, and 32 behavioral observations on 19 bright males. 137 

Bright individuals spent a significantly greater amount of time scanning than brown individuals 138 

(t= 5.02, df = 64.13, p< 0.01) and molting individuals (t= 2.34, df= 62.12, p=0.02; Figure 1). 139 

Molting individuals also spent a significantly greater amount of time scanning than brown 140 



individuals (t= 3.08, df= 70.13, p<0.01; Figure 1).  There was no statistically significant difference 141 

between the scanning proportions of individuals that were in early and late molt (t=-1.80, 142 

df=20.03, p=0.088).  143 

Molting males spent a significantly greater amount of time preening than bright males (W= 144 

405.5, p= 0.02; Table 2). There was no statistically significant difference between molting and 145 

brown males (W= 756.5, p= 0.31) or bright males and brown males (W=479, p= 0.23) in the 146 

amount of time spent preening (Table 2). There was no significant difference between the plumage 147 

categories in the proportion of time spent on courtship displays, foraging, chasing conspecifics, or 148 

singing (Table 2), and there was no difference between the plumage types in their average distance 149 

to refuge (Table 3). 150 

Discussion 151 

 The differing rates of vigilance exhibited by males of varying plumage brightness suggest 152 

that male red-back fairywrens compensate for the increased conspicuousness of bright plumage by 153 

increasing the amount of time spent on vigilance. I did not find any evidence to suggest that male 154 

birds alter their risk-taking behavior as they develop bright plumage, since bright males did not 155 

remain closer to refuge than brown or molting birds. As such, these findings at least partially align 156 

with previous studies examining increased anti-predatory behavior in conspicuous individuals 157 

(Briffa and Twyman 2010; Pascual et al. 2014; McQueen et al. 2017), since bright males spent a 158 

greater proportion of time on vigilance behavior but did not preferentially remain closer to refuge 159 

than less conspicuous individuals. The tendency for molting males to preen at a greater frequency 160 

than bright males may be due to the mechanics of molt, with increased preening encouraging 161 

feather growth (Payne 1972).  162 



 This study does not provide any conclusive results concerning differences between dull 163 

and bright birds during the non-breeding season. Many of the observed breeding season behavioral 164 

differences between bright and dull birds, such as courtship displays, time spent on territory, and 165 

aggression (Karubian 2002: Barron et al 2015), were not observed with any reliable frequency in 166 

this study; for example, courtship displays were only observed in bright males, with an average 167 

proportion of time spent on courtship for bright males as 0.0009 (Table 2). Therefore, the lack of 168 

data on aggression and courtship rates in this study is not able to provide useful insight on whether 169 

bright and dull males’ non-breeding season behavior differs from their breeding season behavior, 170 

and if there are individual differences in behavior before and after assuming bright plumage and 171 

how these changes relate to overall trends for bright and dull birds’ behavior in the breeding and 172 

non-breeding seasons. 173 

 Future studies should explore differences in behavior patterns between bright and dull 174 

male red-backed fairywrens in the non-breeding season, with particular attention paid to 175 

aggression and courtship behaviors, in order to better understand how male non-breeding season 176 

behavior differs from breeding season behavior, and the role of the prenuptial molt into bright 177 

plumage in transitioning between the seasonal behavioral patterns of male birds. Additionally, 178 

future studies ought to explore possible relationships between the development of bright plumage 179 

and the amount of time male fairywrens spend on courtship displays, since bright males perform 180 

displays at a higher rate during the breeding season (Karubian 2002), and it is not yet known if 181 

male red-backed fairywrens change the amount of time they spend on courtship displays before 182 

and after assuming bright plumage during the non-breeding season. Further, my study does not 183 

address possible changes in social group dynamics as the dominant male assumes bright plumage, 184 

and it would also be valuable for future studies to examine how the development of a conspicuous 185 



ornament affects the behavior of both the molting individual and the individual’s social group, 186 

with particular attention paid to any coincidence between males’ prenuptial molts and the 187 

dissolution of non-breeding season foraging flocks prior to the advent of the breeding season.  188 
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Table 2. Average proportion of time spent performing a given behavior across the three plumage 255 
categories (brown, molting, and bright). Significant results (p<0.05) are denoted in bold.   256 

Behavior Brown Males Molting Males Bright Males 
Scanning 0.133 0.179 0.218 
Foraging 0.481 0.395 0.371 
Preening 0.067 0.090 0.044 
Courtship 0.0000 0.0000 0.0009 
Singing 0.0092 0.0094 0.0095 
Chasing 0.0037 0.0015 0.0059 

 257 
 258 
 259 
Table 3. Average distance to the nearest source of refuge (in meters) across the three plumage 260 
categories. None of the values in this comparison are statistically significant. 261 

 
Brown Molting Bright 

Dist. to Nearest Refuge (m) 1.031 0.966 1.651 
 262 
 263 

 264 
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 274 
 275 
Figure 1. The average proportion of time the focal individual spent scanning during behavioral 276 
observations is plotted for bright, molting, and brown males. Bright males spent a greater amount 277 
of time scanning than both molting and brown males, and molting males spent a greater amount of 278 
time scanning than brown males. 279 
 280 
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 291 
 292 
Figure 2. The average proportion of time the focal individual spent preening during behavioral 293 
observations is plotted for bright, molting, and brown males. Molting males spent a significantly 294 
greater amount of time preening than bright males. 295 
 296 


