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Introduction 6 

 Intersexual selection in female-choice systems relies upon sets of signals that display 7 

the quality of the male to the female. In order for selection to have an effective driving force, 8 

these signals must infer a cost on the male so that only the fittest males can afford to bear 9 

the signal of good quality, keeping the signals honest (Kotiaho, 2001; Zahavi, 1975). In many 10 

cases, this cost involves energetics involved in producing or maintaining the ornamentation 11 

(Frischknecht, 1993). However, the cost can also be applied indirectly through increased 12 

threat of predation. Where bright ornamentation is involved, this can be due to increased 13 

visibility: a study of guppies (Poecilia reticulata) found that predators disproportionately 14 

attacked the brighter of two males (Godin & McDonough, 2003). Male agamid lizards 15 

(Agamidae sp) in more exposed habitats, at greater threat of predation, were found to be 16 

dimorphic from females only in parts of the body that were not obvious to predators, unlike 17 

their counterparts in habitats with more cover (Stuart-Fox & Ord, 2004). It seems likely, 18 

therefore, that the males that are able to bear more ornamentation and survive the increased 19 

risk of predation would survive longer and have greater reproductive potential.  20 

 When predation increases, one might expect that survivorship in highly ornamented 21 

males would be decreased; however, in some systems, individuals with more ornamentation 22 

have similar or even greater survivorship than do drab individuals. A test of raptor attack 23 

rates on sexually dimorphic chaffinches found showed that that male chaffinch mounts 24 

(Fringilla coelebs) experienced higher rates of predation than female mounts, but ornamented 25 

male pied flycatchers (Ficedula hypoleuca) experienced lower rates of predation than the non-26 

ornamented female mounts (Gotmark & Hohifalt, 1995), suggesting that ornamentation is 27 

not always associated with increased predation risk. Interestingly, a study of male wolf 28 

spiders (Shizocosa sp) showed that ornamented individuals were attacked by predators more 29 

frequently, but they also escaped attacks more frequently, implying that underlying 30 



physiological or behavioral differences may help to mitigate the cost of ornamentation 31 

(Fowler-Finn & Hebets, 2011).  32 

Examples of behavioral differences offsetting the increased risk of predation have 33 

been found in several systems. Hermit crabs (Pagurus bernhardus) that contrasted with their 34 

background had longer startle responses than did those that blended in (Briffa & Twyman, 35 

2011), and male Eurasian siskins (Spinus spinus) scanned for predators more frequently than 36 

did females (Pascual et al., 2014). Male individuals of species with a high degree of sexual 37 

dimorphism may exhibit similar behavioral changes in order to decrease the risk of predation 38 

associated with the increased ornamentation. 39 

Red-backed fairywrens (Malurus melanocephalus) are sexually dimorphic passerine birds 40 

found in open habitats of eastern Australia (Rowley & Russell, 2016). Males vary in the date 41 

of their pre-alternate molt from non-breeding plumage into breeding plumage based on their 42 

age and condition, such that at any given point during the non-breeding season there are 43 

both males in breeding plumage and non-breeding plumage in the population. As in many 44 

cases, the female-type or non-breeding-type plumage is much less conspicuous plumage than 45 

the bright breeding plumage of mature males (Huhta, Rytkönen, & Solonen, 2003). The 46 

bright plumage is associated with increased extra-pair matings and thus increased fitness 47 

(Karubian, 2002; Webster, Varian, & Karubian, 2008). However, the contrast of bright 48 

plumage with the bird’s surrounding environment may also increase an individual’s 49 

conspicuousness to aerial predators such as raptors and butcherbirds (Schodde, 1982). 50 

Despite this, there is no apparent difference in survivorship between males with different 51 

plumage types (Karubian, Sillett, & Webster, 2008). This implies that either physiological or 52 

behavioral changes may be taking place to mitigate the increased risk of predation for bright 53 

males. The molt into red/black plumage occurs relatively rapidly, over the course of one to 54 

two months (Higgins, Peter, & Steele, 2001), so it is likely that behavior could be quickly 55 

changed in order to mitigate the shifting risk of predation.  56 

In this study, we tested for differences in the predatory avoidance response between 57 

ornamented and unornamented red-backed fairywrens using conspecific alarm call playback 58 

to provoke a response. Because bright males are more conspicuous, we predicted that bright 59 

males would respond to experimental playback with predatory avoidance behaviors to a 60 

greater degree and more frequently than would the dull-plumaged males or females.  61 



 62 

Methods  63 

Study species 64 

Young male red-backed fairywrens typically hold a dull plumage for two years before 65 

molting into bright breeding plumage during the nonbreeding season. In subsequent years, 66 

older males hold a dull female-type plumage for part of the nonbreeding season and the 67 

bright breeding plumage for the rest of the year. Females maintain the dull plumage 68 

throughout their life (Karubian et al., 2008). In order to measure whether fairywrens in 69 

different plumages reacted differently in response to predators, observers measured an 70 

individual fairywren’s behavior before and after a recording of an aerial predator alarm call 71 

was broadcast. 72 

Experimental procedure 73 

Our study site was at Lake Samsonvale, Queensland, Australia (27.2698oS, 74 

152.8558oE) and we focused on a color-banded population of red-backed fairywrens. We 75 

divided the study site into three sections and visited a different section each day in a 76 

randomly-determined order determined. We conducted experiments from 20 June through 2 77 

August 2016, with visits typically occurring six days a week between 6:00 and 13:00. A team 78 

of two observers sampled the section, performing the observations when we encountered 79 

fairywrens. We performed experiments on any fairywren that that had not been exposed to 80 

playback that day, prioritizing individuals that had not been sampled previously. A total of 60 81 

paired pre- and post-playback observations were collected. 82 

A sample consisted of five minutes of pre-alarm call playback observation and five 83 

minutes of observation post-playback. We collected the same data for pre- and post-84 

playback observations. The observer performed playback as soon as possible and no more 85 

than 3 minutes after the end of the pre-playback observation and only when the bird’s 86 

location was definitively known. If the bird was not relocated until later, once the 3 minutes 87 

had elapsed, a new pre-playback observation was taken. 88 

For playback, we used a high-pitched “zit” alarm call, a call that is only used in the 89 

context of an alarm and typically used for aerial predators (Rowley & Russell, 2016). Our 90 

recording of the call was obtained from an unfamiliar individual recorded at a different site. 91 

We edited the playback to filter out low-level background noise (at the 4500Hz level) and 92 

duplicate the alarm call, for a total duration of 7s. We broadcast the playback using an Altec 93 



Solo Jacket Speaker (Model IMW375-RED-VZN) and a 4GB Ruizu Digital MP3 Player X06 94 

with an attached aux cord. The distance between the bird and the observer was also 95 

recorded. 96 

The observer followed the bird on foot during the observation. In order to minimize 97 

disturbance to the bird, the observer used binoculars, followed the bird at the maximum 98 

distance possible, and worked to follow the focal individual in the same manner for all 99 

surveys. Using a radio or direct narration, the observer announced the bird’s behavior (to the 100 

nearest second) and the other variables collected during the observation to a scribe, who 101 

recorded the behavior and the time the new behavior began. 102 

The observer recorded six behaviors, documented in table 1 below. Other behaviors 103 

were recorded (Sitting, Foraging, Non-alarm Vocalization, Preening, and Allopreening) but 104 

not used in this study. 105 

Table 1 The six behavioral categories used for this study and their definitions for application in the field. 106 

Behavior Description 

Scanning Bird is actively alert and looking around, including tilting head to side in 
order to look up 

Flying Bird is in flight 

Alarm Call Bird is giving either the low scold note or the high “zit” notes that are used 
exclusively in alarm contexts (Rowley & Russell, 2016) 

Out of Sight Bird is not directly observable for behaviors such as preening or scanning, 
but the observer knows where the bird is—for example, in a dense shrub 
or clump of grass. 

Unknown Bird is not in sight and observer cannot confirm location of bird. 

Dive Down Bird is engaging in a fast short flight to the closest cover directly below the 
bird.  

Furthermore, three other behaviors, “Chasing,” “Courtship”, and “Other,” involved 107 

courtship displays that did not occur during the post-playback samples, and so were 108 

eliminated from analysis as well. We recorded behaviors non-concurrently; only one 109 

behavior could be recorded at a time. For example, Vocalization, Alarm Call, Chasing, and 110 

Courtship were recorded as such even if the bird was sitting or flying during those behaviors. 111 

For “Unknown” designations, the observer attempted to relocate birds; however, if one five-112 

minute observation had a total of more than two minutes of “Unknown” designation, the 113 

observation was ended and not used in analyses. If an observation was ended due to 114 

“Unknown” during a pre-playback observation, no playback was performed.  115 

At the beginning of the observation and at each minute mark, the observer also 116 

recorded four location variables relating to predator avoidance: the percent refuge, the 117 



distance to refuge, the dominant grass, and the substrate. Refuge was defined as shrubs or 118 

other woody vegetation that had a diameter of at least one meter between 0m and 1m above 119 

the ground. Percent refuge was recorded in a 10m-radius circle around the bird to the 120 

nearest 10%. Distance to refuge was recorded to the nearest 1m unless the closest refuge 121 

was less than a meter away, in which case it was recorded to the nearest tenth of a meter. 122 

The dominant grass variable recorded whether the majority of the grass in the 10m-radius 123 

circle was short (≤0.5m tall) or tall (0.5m tall). Substrate referred to the bird’s immediate 124 

surroundings (within one cubic meter) and could either be Open High (>0.5m above ground 125 

and surrounded on fewer than two sides by refuge), Open Low (<0.5m above ground, 126 

surrounded on fewer than two sides by refuge, or in grass less than 0.1m high), In Grass 127 

(surrounded on three or more sides by grass taller than 0.1m), or In Refuge (surrounded on 128 

three or more sides by refuge). 129 

Group size (defined as birds associating with the focal individual and moving with 130 

the individual) and time start and end were taken at the beginning and end of the pre- and 131 

post-playback observations. Finally, the percent brightness of the bird’s plumage was 132 

recorded to the nearest 5%, where 0 indicated a dull plumaged bird (male or female) and 100 133 

complete male plumage with no brown body feathers (as per Karubian et al., 2008).  134 

Two pairs of students collected the experimental data. These observers trained 135 

together and ensured that judgments of group size, plumage size, behavior designations, and 136 

location variables had minimal variation between individuals. 137 

 We analyzed data using the statistical software R and RStudio (R version 3.2.1, 138 

RStudio vers. 0.99.486) using analyses of variance and generalized linear models. For analysis 139 

of post-playback observations, we categorized the individual birds by plumage type and sex 140 

into four “Categorizations:” Bright Male (66% plumage, n=9), Dull Male (33% plumage, 141 

n=25), Female (n=19), and Unknown (n=7) (Karubian, 2002). Age in years was determined 142 

from banding data; only some birds had exact known ages, so the minimum ages for the 143 

remaining birds were used in analyses. The post-playback sample size for molting males 144 

(plumage between 33% and 66% as per Karubian, 2002; n=1) was not large enough to 145 

enable individual analysis, and so the single instance of the molting male was excluded. 146 

Antipredatory behavior included “Scanning,” “Out of Sight,” and “Dive Down.” We 147 

defined Flee Time as the number of seconds post-playback before the bird flew, went out of 148 

sight, or dove down. 149 



Analysis 150 

 We analyzed the data using Kruskal-Wallis Tests (because the data were non-normal) 151 

to compare the proportion of post-playback antipredatory behavior, the flee time, and the 152 

average distance to refuge post-playback with the plumage and sex categories. We used two 153 

Principle Components Analyses (PCA) in order to observe whether the antipredatory 154 

behavioral (proportion of time spent Alarm Call, Scanning, Out of Sight, and Dive Down) 155 

and habitat use (proportion of habitat observations in Tall Grass, proportion of observations 156 

in either grass or in refuge, average percent refuge, and average distance to refuge) in 157 

response to playback clustered as a result of differences in plumage and sex. Using the 158 

primary two components of each PCA as response variables, we conducted four Generalized 159 

Linear Mixed Models (GLMMs) in order to analyze how the sex and plumage categorization 160 

predicted the behavioral response. Finally, we used a Linear Regression to investigate the 161 

relationship between Average Group Size and proportion of time spent Out of Sight 162 

revealed by the GLMMs. 163 

 164 

Results 165 

 The Kruskal-Wallis test comparing the different plumage and sex types found no 166 

difference in the proportion of antipredatory behavior during the post-playback observation 167 

period (2 =3.2799, df = 3, p-value = 0.3504. fig 1.). A Kruskal-Wallis of flee time by sex and 168 

plumage type found no significant difference (2 =0.44501, df = 3, p= 0.9308.  fig. 2). We 169 

calculated the average distance to refuge post-playback and used a Kruskal-Wallis test to 170 

compare it against the plumage and sex category. We found no significant difference 171 

between the groups (2 =5.4484, df = 3, p-value = 0.1418, fig. 3).  172 

 We conducted two Principle Components Analyses in order to determine whether 173 

the sex and plumage characteristics can be predicted by the habitat and antipredatory 174 

variables. The habitat variables were calculated based on the proportion of the six 175 

observations post-playback during which the bird was in a given habitat category: the sum of 176 

In Grass and In Refuge for the habitat categorization and in Tall Grass for the grass 177 

categorization. The first two components cumulatively explained 72.17% of the variance (fig. 178 

4), and showed no clustering by group (fig. 5). Table 2 depicts the loadings of each of the 179 



variables in PC1 and 2. The second PCA was conducted on the antipredatory variables . PC1 180 

and 2 explained 62.99% of the variance (fig. 6) and showed no clear clustering (fig. 7).  181 

Table 2 Loadings of each variable for components 1 and 2 of the habitat variables PCA 182 

                              PC1           PC2     

Prop. In Refuge and In Grass  -0.45970253  -0.311660792 

Prop. in Tall Grass             0.05211247  -0.935732775 

Average % Refuge     -0.60939880   0.164881008  

Average Distance to Refuge 0.64388740   0.009272393   
Table 3 Variance explained by each component of the antipredatory behavior variable PCA. PC1 and 2 183 
cumulatively explained 62.99% of the variance. 184 

                    PC1     PC2        

Alarm Call  -0.2970822  0.7790276 

Scanning   -0.6286670  -0.2487948   

Out of Sight 0.6235445 -0.1908542  

Dive Down -0.3573685  -0.5429473 

The PCAs were used to condense and reduce the number of variables. Components 185 

1 and 2 of both PCAs were each used as response variables in four GLMMs with sex and 186 

plumage Categorization, Distance to Playback, Group Size, and Age as explanatory variables. 187 

The formulas for the GLMMs and Results are in Tables 4-7 below.  188 

Table 4 Results of a GLMM using Component 1 of the Habitat Variables PCA according to the formula 189 
Habitat PC1 = Categorization + Distance to Playback + Group Size + Age. Bright Male Categorization is the 190 
baseline for the Intercept. None of the factors are significant. 191 

 Estimate Std. Error t value Pr(>|t|) 

(Intercept) -0.10922 1.02978 -0.106 0.916 

Dull Male Categorization 0.68698 0.61527 1.117 0.269 

Female Categorization 0.79493 0.60471 1.315 0.194 

Unknown Categorization 0.89250 0.87220 1.023 0.311 

Distance to Playback 0.01127 0.03738 0.301 0.764 

Average Group Size -0.06593 0.08866 -0.744 0.460 

Age -0.15639 0.17018 -0.919 0.362 
Table 5 Results of a GLMM using Component 2 of the Habitat Variables PCA according to the formula 192 
Habitat PC2 = Categorization + Distance to Playback + Group Size + Age. Bright Male Categorization is the 193 
baseline for the Intercept. None of the factors are significant. 194 

 Estimate Std. Error t value Pr(>|t|) 

(Intercept) -0.53568 0.77155 -0.694 0.4905 

Dull Male Categorization -0.19226 0.46099 -0.417 0.6783 

Female Categorization 0.32600 0.45307 0.720 0.4750 

Unknown Categorization 0.08811 0.65349 0.135 0.8933 

Distance to Playback 0.05205 0.02801 1.858 0.0687 

Average Group Size -0.01555 0.06643 -0.234 0.8159 

Age -0.08605 0.12751 -0.675 0.5027 



Table 6 Results of a GLMM using Component 1 of the Antipredatory Behaviors PCA according to the 195 
formula Antipredatory Behavior PC1 = Categorization + Distance to Playback + Group Size + Age. Bright 196 
Male Categorization is the baseline for the Intercept. Average Group Size is significant. 197 

 Estimate Std. Error t value Pr(>|t|) 

(Intercept) -1.11949 0.90204 -1.241 0.2200 

Dull Male Categorization 0.25687 0.53895 0.477 0.6356 

Female Categorization 0.57841 0.52970 1.092 0.2798 

Unknown Categorization 0.36097 0.76401 0.472 0.6385 

Distance to Playback -0.00103 0.03275 -0.031 0.9750 

Average Group Size 0.22005 0.07767 2.833 0.0065 

Age -0.02847 0.14907 -0.191 0.8493 
Table 7 Results of a GLMM using Component 2 of the Antipredatory Behaviors PCA according to the 198 
formula Antipredatory Behavior PC2 = Categorization + Distance to Playback + Group Size + Age. Bright 199 
Male Categorization is the baseline for the Intercept. None of the factors are significant. 200 

 Estimate Std. Error t value Pr(>|t|) 

(Intercept) 0.24650 0.75043 0.328 0.744 

Dull Male Categorization -0.20433 0.44837 -0.456 0.650 

Female Categorization 0.12201 0.44067 0.277 0.783 

Unknown Categorization 0.55878 0.63560    0.879 0.383 

Distance to Playback -0.00156 0.02724 -0.057     0.955 

Average Group Size 0.03316 0.06461 0.513     0.610 

Age -0.13205 0.12402 -1.065 0.292 

 The only significant factor was Group Size, which predicted Component 1 of the 201 

Antipredatory Behavior PCA. In order to investigate this further, we explicitly examined 202 

Group Size in relation to the main predictor variable of Component 1, Out of Sight. A 203 

Linear Regression found a significant correlation (r2 =.07093, t =2.104, p = 0.0397) between 204 

the two (fig. 8). 205 

 206 

Discussion 207 

 We hypothesized that bright male individuals would be more threatened by predators 208 

and therefore have a stronger response to alarm call playback than dull males and females. 209 

The results of the ANOVAs found no significant differences between the different sex and 210 

plumage categories. The PCA found no clustering along the major axes, indicating no 211 

difference in the behaviors because of plumage type. Furthermore, the GLMMs found only 212 

one significant explanatory variable, showing a general lack of relationship between the sex 213 

and plumage categorization and the post-playback responses. The one significant 214 

explanatory variable, Average Group Size, only had a significant effect on one dependent 215 

variable, Out of Sight. The linear regression investigating this found a significant correlation. 216 

It is possible that individuals in larger groups could be more responsive to alarm calls in this 217 



respect; larger groups may be more conspicuous to predators because of their larger number 218 

of individuals moving and in exposed areas. Therefore, individuals might react more strongly 219 

to alarm calls in order to offset the conspicuousness of more individuals. However, the 220 

regression also had a very small r2 value, which suggests that this correlation may not have 221 

any biological significance and may have arisen from the number of analyses being 222 

performed. 223 

Given the large p-values associated with each ANOVA, the lack of clear patterns in 224 

the PCA, and the lack of relationship shown by the GLMMs, it seems likely that there are no 225 

great differences in reaction to playback among the sex and plumage categories, refuting our 226 

initial prediction that bright males would react more strongly to playback.  227 

 We predicted that bright males would be more conspicuous to predators and 228 

therefore exhibit increased antipredatory behavior to compensate. We found no difference 229 

between antipredatory behavior between bright and dull males. Some factor other than 230 

behavioral changes must therefore be influencing the survival of the bright males to mitigate 231 

the increased predation risk of carrying bright plumage. Physical changes, perhaps brought 232 

on by hormonal changes associated with the molt into bright plumage (Lindsay, Webster, & 233 

Schwabl, 2011), may help mitigate the change in predation risk. However, it is important to 234 

note that while the total difference in survival between males in different plumages is not 235 

different, the causes of mortality may vary. A larger proportion of dull males are younger 236 

(due to the presence of immatures with delayed plumage maturation); younger males may 237 

have high mortality owing to inexperience with escaping predators and finding food (Kus, 238 

Ashman, Page, & Stenzel, 1984). Older males may have high mortality owing to 239 

deterioration in quality with old age (Moller & de Lope, 1994; Summers-Smith, 1956). 240 

The cost of bearing ornamentation may add an additional cause of mortality to these 241 

differences. Under the handicap hypothesis (Andersson, 1982), we would expect increased 242 

mortality among bright males than among dull males, particularly in young bright males, 243 

because the low-quality males that are physically unable to mitigate the increased predation 244 

suffer greater mortality. It may be that young bright males do suffer increased predation, but 245 

other causes of mortality in dull birds balances out the mortality of the bright males, leading 246 

to no net difference. Further study on the causes of mortality and the risk of predation at 247 

different ages is needed to understand the factors influencing predation risk and plumage 248 

coloration. 249 



Untangling how the predation risk compares with other measures of condition 250 

requires looking at multiple factors throughout a bird’s lifetime—the timing of molt, which 251 

marks a change in predation risk, appears to be an indicator of the bird’s condition (Webster 252 

et al., 2008), so birds in better condition might be the ones taking on the increased predation 253 

risk for longer time frames. Isolating these variables will require much broader analyses of 254 

the relative condition, energetic costs, and plumage characteristics of different males 255 

throughout the year to document the varying costs that affect a bird’s condition throughout 256 

the year. Future research should investigate the differences in mortality of bright and dull 257 

male red-backed fairywrens, particularly predation mortality, and work to understand the 258 

physiological costs of ornamentation. Understanding these variables will help clarify the 259 

important drivers of male ornamentation throughout the year and add an important 260 

dimension to sexual selection theory. 261 

 262 

  263 
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Figures 328 

 329 

 330 

 331 

Figure 1 Boxplots showing the proportion of time spent performing antipredatory behaviors (Out of 332 
Sight, Dive Down, and Scanning) during the post-playback observation period by sex and plumage 333 
classification. In these plots, BM stands for Bright Male, DM for Dull Male, F for Female, and U for 334 
Unknown. There was no significant difference in the amount of time spent performing antipredatory 335 
behaviors by the different sex and plumage classes. 336 

 337 

Figure 2 Time between playback and first fleeing behavior by plumage and sex class. BM stands for 338 
Bright Male, DM for Dull Male, F for Female, and U for Unknown. Circles indicate outliers (+1.5IQR above 339 
the upper quartile). There was no significant difference in flee time between the four plumage and sex 340 
classes.  341 



 342 
 343 
Figure 3 Average distance to refuge during post-playback observation by plumage and sex class. BM 344 
stands for Bright Male, DM for Dull Male, F for Female, and U for Unknown. There was no significant 345 
difference in post-playback distance to refuge between the four plumage and sex classes. 346 



347 
Figure 4 Screeplot showing the variance explained by each of the PCA components in the Habitat 348 
Variables PCA. Components 1 and 2 cumulatively explained 72.17% of the variance in the dataset, with a 349 
gradual drop-off in explained variance after component 2. 350 

 351 



 352 

353 
Figure 5 A biplot of the two primary components showing no clear clustering by plumage and sex 354 
categorization. DM=Dull Male, BM=Bright Male, F=Female, and U=Unknown. 355 

 356 

 357 
Figure 6 A screeplot of the proportion of variance explained by each PC in the Antipredatory Behavior 358 
PCA. PC1 and 2 cumulatively explained 62.99% of the variation. 359 



 360 

 361 
Figure 7 Scatterplot of the two principle components of the antipredatory behaviors showing now clear 362 
clustering. 363 

 364 
Figure 8 Average Group Size predicts Proportion of Time Out of Sight, with best-fit line from the linear 365 
regression (y=.42758 + .03397x, r2=.07093, p = .0397). 366 


