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Abstract 10 

Differences in phenotypes for a species, as in sexual dimorphism, can project as 11 

differences in behaviors. Male red-backed fairywrens (Malurus melanocephalus) 12 

frequently delay their plumage maturation, retaining a dull brown plumage, before 13 

molting into their black and red plumage. Give these markedly different phenotypes: we 14 

observed whether there were important behavioral differences between males with 15 

different plumages. We found that the two types of males differ in five behaviors (allo-16 

preening, preening, courtship displays, sitting and flying) but propose that the differences 17 

in sitting and flying aren’t biologically significant. 18 

Introduction 19 

Sexual dimorphism, distinct differences between the sexes, is commonly found in 20 

insects, reptiles, mammals and birds throughout the world. Differences between the sexes 21 

may include variations in coloration, vocalizations, ornamentation, dominance, and size. 22 

These energetically demanding traits might handicap an individual’s survival; however, 23 

they serve as an honest sexual signals1–3. Exacerbated by biotic and abiotic pressures, 24 

these traits can thus result in different predation and mortality rates between ornamented 25 



and unornamented individuals4–9. Therefore, each phenotype might develop different 26 

behaviors (niche partitioning, predator avoidance, grouping) to compensate for the 27 

predation.  28 

 Birds frequently demonstrate clear examples of sexual and age-specific 29 

dimorphism, which may heavily impact survival10. Dominance affects an individual’s 30 

survival by altering foraging behavior, social interactions, and predator avoidance. In 31 

numerous bird species the dominant individual takes the favorable habitat during the non-32 

breeding season, creating sex or age determined niche partitioning11–29. The variance in 33 

niche utilization creates a discrepancy between the two individuals, which can negatively 34 

impacting the subordinate one30,31. Likewise, differences in flock size can affect the 35 

survival of an individual, as it provides members of a larger flock increased vigilance, 36 

food, and dilution to predators32–50. Furthermore, the difference in survival between older 37 

and younger individuals can be affected by their experience. Older, more experienced 38 

individuals react more effectively to heterospecific alarm calls51–54, forage more 39 

successfully55–57, and demonstrate better problem solving58. Consequently, a uniform 40 

survival rate in a dimorphic species can be skewed by all of these factors, especially in a 41 

social species that displays delayed plumage maturation. 42 

 The species within Malurus, a well-studied genus of fairywrens (Passeriformes: 43 

Maluridae), are strongly sexually dimorphic10. The red-backed fairywrens (Malurus 44 

melanocephalus), like most species in Malurus, are socially monogamous and frequently 45 

partake in cooperative breeding59. Auxiliary males, young individuals that help in the 46 

cooperative breeding, have the same brown plumage as the females60,61. In subsequent 47 

years, these brown males increase their testosterone and molt into a jet-black plumage 48 



with red on the back60. This transition is linked to the individual establishing its own 49 

territory and increasing its dominance62. Nevertheless, the mortality rate for the dull and 50 

bright males seems to be roughly equal63. Therefore, this delayed plumage maturation 51 

might be followed by behavioral changes that better fit the life of the more conspicuous 52 

males, resulting in a uniform survival rate for all males. 53 

 Red-backed fairywrens with different phenotypes might alter their behavior to 54 

compensate for differences in dominance, hormones, and predation that put them at 55 

different degrees of risk. Although heavily studied during the breeding season, little is 56 

know about this species and their behaviors during the non-breeding season62,64,65. In this 57 

study we sought to understand the behavioral differences between ornamented and 58 

unornamented individuals, in the non-breeding season, by examining the variance in 59 

behavior and time allocation of both phenotypes. Red-backed fairywrens, as with most 60 

malurids, are highly gregarious birds that spend the non-breeding season in large social 61 

groups64. If not socializing or preening, the remaining part of their day is usually spent 62 

foraging. Studying the social interactions, predator response and time allocation 63 

difference between individual males could give us a better understanding of the 64 

behavioral differences that might affect mortality. A difference in any of these behaviors 65 

could explain how brightly colored males are able to match the survival rates of the more 66 

camouflaged individuals. We hypothesized that due to an increase in conspicuousness, 67 

and a need to counterbalance the costs, the bright males will behave more cautiously and 68 

efficiently than their dull counterparts. Alternatively, the bright males might display 69 

bolder behavior by displaying that they are not worthwhile prey. 70 

 71 



Methods 72 

 73 

Study Site 74 

We focused our study on a population of red-backed fairywrens in the outskirts of 75 

Samsonvale, Australia (27°16'15.1"S 152°51'39.4"E), utilizing an established color-76 

banded population, on the western shore of Lake Samsonvale. Birds in this population 77 

generally start breeding in early October and finish breeding by late February (Joe 78 

Welklin personal comm.). We studied this population during the 2016 non-breeding 79 

season, from June to August, conducting most of our observations between the hours of 80 

0630 and 1300. All focal males used during this study where uniquely color banded and 81 

could be individually identified. In this study, we focused on individuals of known sex, 82 

based on previous genetic work or their breeding season status in 2015. 83 

 84 

Behavioral Observations 85 

We divided the six weeks divided into three parts to account for changes in 86 

behavior as the birds approached the breeding season. We selected 40 males, with the 87 

goal of sampling each one at least once a trimester. We then divided the study site into 88 

six plots and assigned each male to a plot according to the areas they generally inhabited. 89 

These six plots were then randomized and one of them was sampled each day. If all the 90 

birds in an area were successfully sampled before the field day was over, we proceeded to 91 

the next plot on the list.  92 

We observed each focal individual continuously for five minutes. During these 93 

five minutes, we recorded the amount of time an individual spent doing various 94 



behaviors: preening, allo-preening, vocalizing, alarm calling, flying, sitting, scanning, 95 

diving down, foraging, performing courtship displays, and chasing other birds. When the 96 

bird went out of sight but we knew the location the whole time, it was recorded as “Out 97 

of Sight.” However, when the bird went out of sight but we were unsure of its exact 98 

location, we marked it as “Unknown”. If any other behaviors occurred, we put them 99 

down as “Other.” Upon locating a desired individual, one of us would continuously 100 

narrate the bird’s behavior while the other would time and transcribe everything. 101 

Additionally, at every minute mark, four habitat measurements were taken: the bird’s 102 

Distance to Refuge, Percent Refuge, Dominant Grass, and Substrate.  103 

Substrate was broken up into four separate categories: open high, open low, in 104 

grass or in refuge. Open high was considered any location that was higher than half a 105 

meter (not including cover), while open low was any location that was lower than half a 106 

meter (not including grass taller than 20 cm). A bird was considered in grass when in was 107 

in any grass taller than 20 cm. Refuge was defined as any shrubs or woody vegetation 108 

that, at a meter high, was at least a meter wide. Percent refuge was defined as the percent 109 

of cover in a 10-meter radius of the bird. Likewise, the dominant grass type, either short 110 

or long, was also recorded using this 10-meter radius. Short grass was defined as grass at, 111 

or shorter than, half a meter of height. 112 

A week prior to starting the collection of data, we standardized our methods and 113 

definitions of each category by collecting data together and checking that it was 114 

consistent. Moreover, we collected data in pairs in order to confirm our measurements 115 

and ensure our methods were uniform. 116 

 117 



Statistical Analysis 118 

 We decided to use a mixed model a priori, based on how we collected the data. 119 

However, utilizing previously outline protocols, we conducted exploratory data analysis 120 

to identify potential problems with our data66,67. We created scatterplots, using RStudio 121 

Version 0.99.491, to detect any errors or violations in our data. We used graphical tools 122 

instead of applying tests for normality or homogeneity due to the potential problems 123 

caused by these certain tests.  124 

 Due to a dry season, the number of bright males available for sampling (n=8) was 125 

much lower than the number of dull males (n=55). Consequently, each bright male was 126 

sampled more times, on average, than the dull males. To predict the effect that the 127 

phenotype had on each variable measured, while integrating a random effect, we 128 

performed a linear mixed effect analysis (lme4). Our fixed effect was plumage, with 129 

intercepts for individual birds as our random effect. We obtained our results by a 130 

likelihood ratio test of a full model, with our fixed effect, against a null model, without 131 

the fixed effect of interest.  132 

 133 

Results 134 

After running a set of linear mixed models, followed by an ANOVA, for each 135 

behavior and measurement taken, we found that the plumage of a bird predicted five 136 

different behaviors: preening, allo-preening, courtship displays, flying, and sitting. Bright 137 

plumage affected preening time (χ2 (1)=15.336, p=9e-05, Fig. 1), raising it by 12.1 138 

seconds ± 2.7 seconds (SE) for bright individuals. Likewise, the time allocated to 139 

courtship displays were affected (χ2 (1)=21.737, p=3.128e-06) by plumage, raising it by 140 



8.1 ± 1.6 (SE) seconds. The amount of time flying was influenced (χ2 (1)=9.5618, 141 

p=0.001987) by the phenotype, increasing it by 2.5 seconds ± 0.8 (SE) for bright males. 142 

The plumage was also correlated with the amount of time spent sitting (χ2 (1)=4.761, 143 

p=0.02911), increasing 11.1 ± 5.1 (SE) seconds for bright males. Lastly, plumage 144 

affected the amount of time allo-preening (χ2 (1)=11.685, p=0.0006299), increasing it by 145 

5.7 ± 1.6 (SE) seconds for bright males.  146 

 147 

 148 

 149 

 150 

 151 

 152 

Fig. 1. Bright plumage affected preening time, raising it by 4.0% ± .9% 153 

(SE) for bright individuals. 154 

 155 

Discussion 156 

 Our results suggest that the two phenotypes of red-backed fairywren differ in their 157 

time allocation during the non-breeding season. It appears that males with an ornamented 158 

plumage spent more time preening, allo-preening, displaying to females, flying, and 159 

sitting than their unornamented counterparts. However, out of these five statistically 160 



significant results, only three seem to be biologically significant in terms of time 161 

allocation. While preening, allo-preening, courtship, and sitting where greater for the 162 

bright males by a factor of 4.2, 9.3, and 19.5 respectively, this was not the case for sitting 163 

and flying; flying and sitting only increased by a factor of 1.3 and 1.4, respectively, when 164 

dealing with bright individuals. While interesting, a difference of two seconds, as was the 165 

case for flying, between the means of each group doesn’t appear to be biologically 166 

relevant in our time frame (300 seconds).  In past studies, it has been shown that bright 167 

individuals show higher rates of extra-pair copulations, while duller ones will allocate 168 

more time to taking care of their mate62. However, these results suggest that this behavior 169 

might carry over to the non-breeding season, as the bright males spend more time 170 

participating in social situations. Although preening occurs in unornamented males, the 171 

brighter males spent more time preening, likely to prepare their feathers for courtship 172 

displays and thus attract females. Likewise, allo-preening strengthens social bonds68. In 173 

red-backed fairywrens, courtship displays involve a great amount of flying and moving 174 

around, explaining the increased flying time for bright males. Lastly, bright males, which 175 

are usually older, might be able to increase the amount of time sitting and participating in 176 

displays due to the hypotheses that: older males are more efficient foragers, have larger 177 

groups, and are less desirable prey. Due to the increased amount of time spent on 178 

behaviors not directly liked to the immediate survival of the ornamented males, this study 179 

seems to supports the conspicuous male hypothesis. Although counterintuitive to the idea 180 

of predator avoidance, it appears that the unornamented males may be at greater 181 

predation risk and thus refrain from energy consuming activities (i.e. socializing, 182 

displaying, self-maintenance, and flying). 183 



 184 

 185 
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