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Introduction 5 

Sexual ornamentation functions across many taxa as an honest sexual signal, and a host 6 

of research has focused on this theme during the breeding season (Zahavi, 1975). Sexual 7 

ornamentation is closely related to sexual selection and can profoundly influence behavioral 8 

patterns as shown by female preference for ornamented males (Omland, 1996). However, these 9 

ornaments can be costly – even potentially leading to extinction, as in some passerines (McLain 10 

et al., 1995). In a less extreme case, predators targeted brightly colored male guppies (Poecilia 11 

reticulata) more than males with dull coloration (Godin and McDonough, 2003). Beyond 12 

removing particular individuals from a population, increased predation can further impact 13 

populations by altering patterns of habitat use (Turner, 1996). To mitigate the costs associated 14 

with ornamentation, evolutionary pressures have produced regulatory mechanisms that can vary 15 

the expression of sexual characteristics seasonally (Badyaev, 2002). Despite potential costs, 16 

some organisms lack these mechanisms (Amadon, 1966) or partially retain sexual ornaments 17 

during non-breeding seasons (McGraw, 2004). Our understanding of the functions and impact of 18 

this ornamentation outside of the breeding season in many species remains incomplete.  19 

Plumage variation in passerines is a widespread phenomenon even outside of the 20 

breeding season (Rohwer, 1975) and can serve as an honest sexual signal that settles conspecific 21 

disputes without the risks of physical confrontation (Smith et al., 1988). For example, American 22 

goldfinches (Carduelis tristis) exhibit a reduced form of sexual dichromatism during the non-23 



breeding season, and remnant sexual ornaments during the winter are thought to continue to 24 

serve a role in sexual and social signaling (McGraw, 2004). However, dimorphism is not without 25 

disadvantages. For example, predators are more likely to attack mounts of male chaffinches 26 

(Fringilla coelebs) than mounts of females presumably because the males are more brightly 27 

colored and, thus, easier to detect (Götmark and Hohlfält, 1995). Moreover, monomorphism may 28 

represent the best evolutionary strategy for bird species that use territoriality to compete 29 

interspecifically (Rohwer, 1975). Regardless of whether a species eliminates or reduces the 30 

expression of sexual ornaments during the non-breeding season, sexual selection can continue 31 

during this time in the form of pair bonding through behaviors such as allopreening (Gill, 2012). 32 

Understanding sexual selection in the context of the non-breeding season is critical to 33 

investigating the population dynamics of passerines since the conditions of males and the events 34 

of the non-breeding season can explain subsequent performance and conditions in the breeding 35 

season (Reudink et al., 2009).  36 

The socially monogamous but sexually promiscuous red-backed fairywren (Malurus 37 

melanocephalus) may offer insights into the impacts of sexual ornamentation retained during the 38 

non-breeding season. These birds are quite well studied, but the majority of the research has been 39 

conducted during the breeding season. During the postnuptial molt following the breeding season, 40 

most male red-backed fairywrens molt into dull brown plumage, but some (particularly older 41 

males) molt into red-black plumage again, expressing ornamented plumage year-round (Lindsay 42 

et al., 2009). Furthermore, in the genus, prenuptial molting into ornamented plumage during the 43 

non-breeding season can occur over the span of 6 months (Mulder and Magrath, 1994), and 44 

males that molt earlier tend to have higher extra-pair paternity (Dunn and Cockburn, 1999). By 45 

the start of the mating season, a portion of breeding males have molted into red-black plumage 46 



while younger males can retain a duller brown plumage like that of females. During the breeding 47 

season, the two male phenotypes have distinct behavioral patterns: brightly colored males are 48 

socially dominant and invest more energy pursuing extra-pair copulations while unornamented 49 

males are less socially dominant and invest in caring for their offspring (Karubian, 2002). Red-50 

black males have higher reproductive success, and the retention of brown plumage during the 51 

mating season in breeding males may be a maladaptive strategy (Webster et al., 2008). Curiously, 52 

dull coloration does not seem to give individual red-backed fairywren males a survival advantage 53 

(Karubian et al., 2008), which raises questions about how ornamented males compensate for the 54 

costs of colorful plumage or, more broadly, if there are any biologically significant costs at all.  55 

In this study, we investigate the consequences of sexually dimorphic passerines 56 

maintaining sexual ornaments for extended periods during the non-breeding season on social, 57 

anti-predator, and foraging behaviors. Red-backed fairywrens are an apt study species to address 58 

this question because of their distinct behavioral phenotypes during the breeding season 59 

(Karubian, 2002) and plumage variation during the non-breeding season (Lindsay et al., 2009). 60 

We hypothesized that the phenotypic behavioral patterns reported previously in male red-backed 61 

fairywrens during the breeding season persist and are represented to a lesser degree in the non-62 

breeding season. Our major predictions were that males in red-black plumage would display 63 

bolder, more reproduction-focused behavioral patterns in the form of higher display rates, more 64 

aggressive behaviors, fewer vigilance behaviors, and a higher probability of occupying habitat 65 

far from refuge than unornamented males.  66 

Methods  67 

Study System and Species  68 

 The red-backed fairywren is a small, insectivorous passerine native to Australia (Rowley 69 



and Russell, 2016). During the non-breeding season, the species forages mostly among grasses 70 

(Murphy et al., 2009) and forms foraging flocks that can reach up to 30 individuals (Rowley and 71 

Russell, 2016). While foraging, the birds rapidly move through substrate typically near the 72 

ground to frighten and pursue insect prey (Rowley and Russell, 2016).  Red-backed fairywrens 73 

also usually remain paired to their social mates throughout the year (Rowley and Russell, 2016).  74 

Focal Observations 75 

 We collected data for this study from a population of colorbanded red-backed fairywrens 76 

near Lake Samsonvale (27º 16’ 7” S 152º 51’ 32” E) in Queensland, Australia from June 20 to 77 

August 2, 2016. We gathered data 6 days a week between 6:30 and 13:00 and, on three occasions, 78 

from 13:00 to 17:00 due to unsuitable morning weather conditions. We observed individual red-79 

backed fairywrens during five-minute observations and continuously reported their behaviors 80 

utilizing categories (Table 1).  81 

Behaviors Definition   

Preen Clean feathers 

Allopreen Preen neighbor or reciprocal preening 

Scan Look up, move head from side to side 

Forage Actively hunt insects 

Alarm call Vocalization used to alert conspecifics (Rowley and Russell, 2016) 

Vocalization Any vocalization other than alarm call 

Fly Active flight 

Courtship  Puffback and petal carry displays (Karubian and Alvarado, 2003) 

Sit Perched, no other behavior applicable 

Dive down Fly directly down and out of sight 

Chase Pursue a conspecific  

Out of sight Known location, bird not visible 

Unknown Location not known, bird lost 

Other  Rare behaviors not classifiable in the above categories  

Table 1: List of behavioral categories used during focal observations.  82 

We recorded the duration of these behaviors to the nearest second. Observations that had 83 

more than 120 cumulative seconds of this “unknown” category were considered poor-quality and 84 

were not utilized in statistical analyses. We recorded the data such that a focal individual could 85 



only do one of these 14 behaviors at a time. For example, if we observed a male flying with a 86 

petal in his mouth, then we recorded the behavior exclusively as “courtship” rather than both 87 

“flying” and “courtship.” We then calculated the proportion of time spent in each behavioral 88 

category during the observation according to the formula: (time spent doing behavior/(total 89 

observation time – time “unknown”)). We took caution to minimize the effect of our presence on 90 

the behavior of the red-backed fairywrens and terminated any observation during which a focal 91 

individual gave an alarm call in response to us. We used binoculars and chronometers as 92 

equipment. 93 

We recorded variables describing the habitat of the focal individual instantaneously every 94 

minute and at the start and end of every focal observation (such that the data were collected at six 95 

points during a single five-minute observation). We list these habitat variables in Table 2. 96 

Furthermore, we quantified the plumage coloration of focal individuals during observations as in 97 

Karubian (2002) on a scale ranging from 0 to 100, with 0 being brown and 100 being red/black. 98 

My fellow researchers and I worked in pairs of a scribe and an observer.  99 

Habitat 

Variables  

Definition 

Percent 

refuge 

The percentage of refuge – shrubs or other woody vegetation that have a diameter 

of at least 1 m between 0 and 1 m above the ground – in a 10 m radius circle 

around the focal individual to the nearest 5% 

Substrate  Categorically describes the immediate surroundings of the focal individual within 

1 m3 

a) Open high: >0.5 m above the ground and surrounded by refuge on fewer 

than two sides  

b) Open low: ≤0.5 m above the ground and surrounded by refuge on fewer 

than two sides or in grass less than 0.1 m high 

c) In grass: surrounded on three or more sides by grass taller than 0.1 m  

d) In refuge: surrounded on three or more sides by refuge  

Distance to 

refuge  

Distance to the closest refuge to the nearest 1 m when more than 1 m away and to 

the nearest 0.5 m if less than 1 m away  

Table 2: List of habitat variables considered during focal observations. 100 



We carried out these focal observations in a series of three two-week trimesters during 101 

which we targeted a list of males randomized by location in order to subsequently test for the 102 

effect of seasonal variance. We divided the birds into six locations that they generally inhabited, 103 

and randomly sampled one area each day. If we successfully sampled all of the males in one 104 

location before the end of the day, we proceeded to the next day’s sampling location. Since we 105 

could not analyze the sex of an individual until his/her first breeding season, we excluded first 106 

year birds from the study and only sampled confirmed males. In total, we conducted 285 focal 107 

observations on 63 unique males with 36 males observed at least once during each trimester. We 108 

did 175 focal observations on males with plumage scores of 0 (unornamented), 50 on males with 109 

plumage scores in the range of 1-84 (molting), and 60 on males with plumage scores of 85-100 110 

(ornamented).   111 

 Additionally, we opportunistically recorded relatively rare social behaviors such as 112 

allopreening regardless of whether or not they occurred during focal observations. We noted the 113 

behavior observed as well as the identity of all birds involved.  114 

Statistical Analyses  115 

We employed the statistical software R version 3.2.3 to carry out all statistical tests. To 116 

assess the possibility of seasonal variance impacting the focal observations, we conducted 117 

Friedman tests on the continuous variables of interest (percentage refuge, average distance to 118 

refuge, proportion of courtship, proportion of chasing, proportion of scanning, proportion of 119 

diving down, and proportion of allopreening) to compare the behavioral and habitat data 120 

temporally for the 36 males that we observed in all three trimesters. If a male was sampled more 121 

than once during a trimester, only the first focal observation was used in the Friedman tests. In a 122 

more general analysis utilizing all available focal data, we conducted Kruskal-Wallis tests of 123 



these same continuous variables and compared unornamented (0), molting (1-84), and 124 

ornamented males (85-100). We further investigated the directionality of significant results using 125 

Mann-Whitney U tests. For the Friedman, Kruskal-Wallis, and Mann-Whitney U tests, we 126 

adjusted p values using the Holm–Bonferroni method. We used these nonparametric tests 127 

because the vast majority of the residuals of response variables were not normally distributed 128 

even after standard transformation (including Box Cox transformation).  Additionally, we 129 

investigated the categorical habitat variables using chi-square analysis similar to Murphy et al. 130 

(2009). We utilized Mann-Whitney U tests with Holm-Bonferroni corrections to investigate 131 

notable deviations between the observed and expected values obtained from the chi-square 132 

analysis. Finally, we also employed chi-square analysis to determine if the three phenotypes of 133 

males differed in the frequencies at which they allopreened with females and other males. We 134 

utilized a dataset collected opportunistically that listed all the individuals involved in 135 

allopreening interactions. We excluded any incidences of allopreening that involved an 136 

individual of unknown sex.   137 

Results 138 

Neither the behavior nor occupancy of habitat with reference to refuge of males changed 139 

significantly between trimesters (Table 3). The only two behaviors that differed significantly 140 

between ornamented, molting, and unornamented males were courtship and allopreening (Table 141 

4). Specifically, ornamented males spent a significantly larger proportion of focal observations 142 

engaging in courtship compared to both unornamented (W = 7000, p < 0.01, Holm corrected p < 143 

0.01, Table 5) and molting males (W = 2000, p < 0.01, Holm corrected p < 0.01, Table 5). 144 

Additionally, ornamented males spent significantly more time during focal observations 145 

allopreening than unornamented males (W = 5915.5, p < 0.01, Holm corrected p < 0.01, Table 5, 146 



Figure 1), but ornamented males and molting males did not differ significantly in the amount of 147 

time spent allopreening (W = 1668, p = 0.053, Holm corrected p = 0.053, Table 5, Figure 1).  148 

Furthermore, the three classifications of males were equally likely to allopreen with females (χ2 = 149 

3.67, df = 2, p = 0.16); however, all males tended to allopreen with females more than with other 150 

males (Figure 2).  151 

Ornamented, molting, and unornamented males also occupied significantly different 152 

substrates (χ2 = 22.054, df = 8, p < 0.01, Table 6). However, the only significant difference 153 

among the observed and expected values was that molting males were observed to be “open high” 154 

significantly more than unornamented males (W = 3405.5, p < 0.05, Holm-corrected p < 0.05). 155 

The frequencies at which unornamented and ornamented males occupied “open-high” substrates 156 

did not differ (W = 4649, p = 0.17, Holm-corrected p = 0.17).  157 

Discussion 158 

 We found tentative support for the hypothesis of this study: the behavioral phenotypes of 159 

the mating season appear to be represented during the non-breeding season to a lesser degree. 160 

Specifically, ornamented males spent more time allopreening than unornamented males, and 161 

only ornamented males engaged in courtship displays. However, we found comparatively less 162 

evidence that the different phenotypes engage in different levels of anti-predator behavior. We 163 

expected that ornamented males might be bolder than unornamented males and, thus, more likely 164 

to occupy habitats far from refuge, but we found no difference between the phenotypes in terms 165 

of average distance to refuge and percentage refuge within a 10m radius. Nevertheless, we 166 

provide some evidence that molting males tend to occupy substrates potentially more vulnerable 167 

to predation than unornamented males. 168 



 The results of this study are in many ways similar to the findings of Karubian (2002), 169 

who quantified behavioral differences between unornamented and ornamented males during the 170 

breeding season. Considering the results of this study, it appears that ornamented males are more 171 

likely than unornamented males to display to females throughout the year. However, the display 172 

rates that we report are understandably lower than those from the breeding season (Karubian, 173 

2002). Furthermore, Karubian (2002) observed unornamented males display to females, which 174 

was never observed during the data collection for this study. Unfortunately, a number of metrics 175 

utilized by Karubian (2002) are not feasible during the non-breeding season: the large foraging 176 

flocks of the non-breeding season (Rowley and Russell, 2016) prevent the effective collection of 177 

data on time spent on territories and intrusions on neighboring territories. Ornamented males did 178 

make forays into the general territories of other flocks to display to females, but these events 179 

were so rare that they could not be effectively captured in our study design.  180 

Additionally, Karubian (2002) did not sample males with plumage scores between 20-80 181 

due to a small sample size. Observationally, these molting males (defined as 1-84 plumage score 182 

in this study) appeared to be more elusive than unornamented and ornamented males, often 183 

seeming to disappear for several days and then reappear further along in their molt. Despite a 184 

fairly small sample size, we were able to observe a number of these individuals and, although 185 

their behavior was largely identical to that of unornamented and ornamented males, a number of 186 

subtle differences (in allopreening, courtship, and habitat use) existed that distinguished them 187 

from the other two classes of males. Since molting can be an energetically expensive process 188 

(Green et al., 2004), one might expect these males to be more cautious or conservative in their 189 

behavior, but our analysis of the substrate data weakly indicates the opposite. Future work should 190 

consider investigating these molting males more thoroughly since their behavior may illustrate 191 



some of the costs associated with ornamented plumage and also potentially some of the 192 

corresponding mechanisms for ameliorating these costs.  193 

Like red-backed fairywrens, male American goldfinches vary the expression of their 194 

bright plumage seasonally, and McGraw (2004) suggested that the reduced forms of sexual 195 

signals retained during the winter continue to function in conspecific signaling in sexual and 196 

social contexts. If this supposition is valid, then the distinct plumages and subtle behavioral 197 

differences observed between the phenotypes of male red-backed fairywrens in this study could 198 

be instrumental in determining which males are the most successful during subsequent breeding 199 

seasons. Unlike American goldfinches, however, red-backed fairywrens cannot continuously 200 

display an intermediate form of plumage coloration during the non-breeding season. The 201 

coloration of male American goldfinches can vary continuously in brightness during the non-202 

breeding season (McGraw, 2004). Except during a brief period of molting, male red-backed 203 

fairywrens are typically either entirely ornamented or unornamented like females (Lindsay et al., 204 

2009). The reduced variability of plumage as a signal in red-backed fairywrens compared to 205 

other species (such as American goldfinches) suggests that additional differences between 206 

ornamented males – such a behavioral differences – may play a particularly important role as 207 

sexual signals during the non-breeding season in red-backed fairywrens.  208 

While allogrooming behaviors such as allopreening entail the hygienic benefit of 209 

removing ectoparasites from areas of the body that an individual cannot easily reach alone 210 

(Freeland, 1976), the other functions of these behaviors are not fully understood (Lewis et al., 211 

2007). Nevertheless, allopreening likely serves a number of social functions. Allopreening may 212 

function as an honest sexual signal in the sense that high quality males are more likely to 213 

allopreen with females since allopreening is an investment of time and energy that does not 214 



directly confer survival (Roberts, 1998). Likewise, mates that allopreen frequently are less likely 215 

to divorce than those that do not (Gill, 2012). In this light, our finding that ornamented males 216 

allopreen more frequently may be interpreted as evidence that ornamented red-backed fairywrens 217 

continue to exhibit more reproduction-focused behaviors than unornamented males during the 218 

non-breeding season as well as during the breeding season. Previously, duetting has been 219 

reported as a form of pair bonding in red-backed fairywrens (Baldassarre et al., 2015), but 220 

allopreening has not yet been examined in this respect. The theory presented by Roberts (1998) 221 

concerning allopreening functioning as honest indicator of male quality suggests that ornamented 222 

red-backed fairywrens may signal their quality to females in additional ways that are more 223 

cryptic than their bright plumage and courtship displays. Future research should investigate if a 224 

correlation explicitly exists between allopreening frequency, fitness, and male quality in order to 225 

further evaluate the possibility of allopreening operating as an honest indicator of male quality. 226 

An additional consideration is the relationship between allopreening frequency and dominance. 227 

In green woodhoopoes (Phoeniculus purpureus), all individuals equally partake in the 228 

allopreening of the head and neck regions, but socially dominant birds tend to receive more 229 

allopreening directed towards the body feathers (Radford and Du Plessis, 2006). Although we 230 

did not consider which area of a bird’s body allopreening was directed to, ornamented red-231 

backed fairywren males are socially dominant to unornamented males (Karubian, 2002), so it 232 

may be that this trend also applies to our study species. Our finding that ornamented, 233 

unornamented, and molting males allopreened with females rather than with males at comparable 234 

rates suggests that allopreening is unlikely to solely function in the context of maintaining pair 235 

bonds between mates.  236 



 The data that we collected regarding the habitat use of males did not conform to our 237 

expectations that ornamented males would be bolder than unornamented males, which is 238 

generally the case during the non-breeding season (Karubian, 2002). However, our finding that 239 

ornamented and unornamented males did not occupy significantly different substrates is in line 240 

with previous work that demonstrated that male and female red-backed fairywrens do not differ 241 

in terms of substrate use during the non-breeding season (Murphy et al., 2009). Intuitively, it 242 

may seem that being brightly-colored would be detrimental to survival and necessitate a more 243 

conservative approach to foraging, but brightly-colored birds are not always targeted 244 

disproportionately by predators (Götmark, 1993; Götmark and Hohlfält, 1995). Our conclusion 245 

that ornamented males are no less conservative than unornamented males in their habitat use may 246 

also offer support to the conspicuous male hypothesis, which posits that predators may not target 247 

bright males since they are not worthwhile prey (Götmark, 1993). Perhaps a more definitive way 248 

of testing this hypothesis within the red-backed fairywren system would be to study how often 249 

different mounts of the phenotypic variants are attacked by predators as in Götmark (1993).  250 

 While this study reveals correlations between certain behaviors and plumage colorations, 251 

we did not directly test whether differences in plumage mechanistically drive the observed 252 

differences between the phenotypes. To better understand what drives these differences between 253 

the phenotypes, experiments involving the manipulation of plumage coloration or models that 254 

incorporate additional differences between molting, unornamented, and ornamented males such 255 

as condition and hormone constitution are needed. Although this study collected a large amount 256 

of data, a number of factors reduced the statistical power of our analyses. The study site received 257 

an unseasonably small amount of precipitation during the months preceding this study, and only 258 

10 males achieved ornamented plumage in the course of the non-breeding season. In wetter years, 259 



a much higher fraction of males at the study site have molted into ornamented plumage during 260 

the non-breeding season. Although the ornamented males in this study were sampled thoroughly, 261 

they represent only a small subset of the population. The congeneric superb fairywren (Malurus 262 

cyaneus) exhibits the same general trend, with fewer males molting early in drier years 263 

(Cockburn et al., 2008). Certainly, the irregularly dry conditions of this study may have 264 

influenced the behavior of the study population, so further replications of this work are needed to 265 

accurately describe the non-breeding season behavior of this species. Likewise, in the 266 

interpretation of these results, we assume the function of a number of behaviors; however, it is 267 

unlikely that these interpretations are completely accurate. For example, “scanning,” although 268 

intuitively related to anti-predatory behavior, may also function in intrasexual competition 269 

(Walker et al., 2016).  270 

However, we present evidence that ornamented males retain behavioral characteristics 271 

associated with the breeding season during the non-breeding season and highlight the complexity 272 

of sexual selection and the crucial role that it can play in shaping the behavior of organisms 273 

during times when reproduction is not actively occurring.  274 



 275 

Variable Q df p Adjusted p  

Percentage Refuge 0.19 2 0.91 1 

Average Distance to 

Refuge 0.17 2 0.92 1 

Proportion of Courtship 1 2 0.61 1 

Proportion of Chasing 2 2 0.37 1 

Proportion of Scanning 1.41 2 0.49 1 

Proportion of Diving 

Down 3.81 2 0.15 1 

Proportion of 

Allopreening 3 2 0.22 1 

Table 3: Results of Friedman tests of the continuous variables comparing all males across the 276 

three trimesters. “Adjusted p” values were calculated using the Holm–Bonferroni method. 277 

Variable H df p Adjusted p  

Percentage Refuge 1.06 2 0.59 1.00 

Average Distance to Refuge 2.32 2 0.31 1.00 

Proportion of Courtship 80.24 2 <0.01 <0.01 

Proportion of Chasing 4.86 2 0.09 0.44 

Proportion of Scanning 1.11 2 0.58 1.00 

Proportion of Diving Down 0.92 2 0.63 1.00 

Proportion of Allopreening 14.63 2 <0.01 <0.01 

Table 4: Results of Kruskal-Wallis tests of continuous variables comparing the three categories 278 

of males. “Adjusted p” values were calculated using the Holm–Bonferroni method.  279 



  Plumage category 

Variable Statistic Unornamented Molting Ornamented 

Percentage 

Refuge (%) 

Mean 15.96 14.39 16.59 

SD 15.31 16.66 16.67 

Average 

Distance to 

Refuge (m) 

Mean 8.53 11.42 9.27 

SD 8.79 11.89 10.93 

Proportion 

of Courtship 

Mean 0 0 0.0291 

SD 0 0 0.0821 

Proportion 

of Chasing 

Mean 0.0006 0.0070 0.0011 

SD 0.0045 0.0274 0.0047 

Proportion 

of Scanning 

Mean 0.0177 0.0049 0.0101 

SD 0.0869 0.0191 0.0452 

Proportion 

of Diving 

Down 

Mean 0.0014 0.0012 0.0012 

SD 0.0024 0.0018 0.0023 

Proportion 

of 

Allopreening 

Mean 0.0031 0.0030 0.0208 

SD 0.0244 0.0171 0.0693 

Table 5: Means and standard deviations (SD) for continuous variables. 280 

 281 

Figure 1: Proportion of allopreening among the different plumage categories. The error bars 282 

show standard deviation. 283 
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 284 

Figure 2: Frequency of allopreening events between unornamented, molting, and ornamented 285 

males and other males – shown in blue – or between the three classifications of males and 286 

females – shown in pink.  287 

 

Substrate 

Open High Open Low In Grass In Refuge Unknown  
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Ornamented 

Observed  80 70 118 68 12 

Expected  75.29 62.67 137.75 65.57 6.41 

Deviation  4.71 7.33 -19.75 2.43 5.59 

Molting 

Observed  82 53 144 50 1 

Expected  64.90 54.03 118.75 56.52 5.53 

Deviation  17.10 -1.03 25.25 -6.52 -4.53 

Unornamented 

Observed  202 180 434 199 18 

Expected  223.81 186.30 409.50 194.91 19.06 

Deviation  -21.81 -6.30 24.50 4.09 -1.06 

Table 6: Contingency table for the relationship between substrate and plumage score category. 288 

Data were taken every minute during focal observations.  289 
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